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Biodynamics agriculture refers to the agriculture science that recognises basic principles at work in nature 

and applies this knowledge of life forces to bring about balance and healing in the soil. It is a method of 

farming that aims to treat the farm as a living system which interacts with the environment, to build 

healthy living soil, and to produce food that nourishes, vitalises and helps to develop humanity. 

Biodynamics derived from two Greek words, bios (life) and dynamos (energy). The name “Biodynamic” 

refers to a working with the energies which create and maintain life. 

Introduction 
Agriculture is the base of human life. We need to grow food to eat each day and to sustain our bodies, our 

minds, our souls and our spirit. Throughout human history one can see that our music, our arts, our songs, 

our crafts and tools have all been born out of our work with the land. In the last hundred years, we are 

losing our connection to our source of life. The green revolution in the 1960’s also introduced hybrid seeds 

which are unable to produce their own seeds once grown, thereby creating a dependency of the farmer on 

hybrid seed companies which need higher doses of pesticides and fertilizers. The recent introduction of 

genetically modified (GM) seeds is latest threat to the balance and wellbeing not only of the earth, but also 

of living ones. There are great economic interests tied to GM seeds and unfortunately this creates 

irresistible pressure on developing countries to accept and legalize the use of these seeds. Today we are 

painfully aware of the effects of chemical farming on our health, farmers economy, vitality of the soil and 

the wellbeing of all plants and animals. In many places, the soil is getting hard and unable to renew itself 

so that more and more chemical fertilizers are needed to grow crops which creating huge debts for the 

farmers. Pests and diseases resistant to chemical pesticides are appearing as unknown diseases and 

disorders are affecting animals and human beings. We are facing a global disaster, of which many of us are 

unaware. 

 
The nature of organic has changed from farming concern about environmental and social implications to 

one focused on globalization. Biodynamics is a holistic, ecological and ethical approach to farming, 

gardening, food and nutrition. Biodynamic agriculture as one of the organic methods that could provide 

ecological, economical and physical sustainability. Biodynamic method at first, they call it as biological-

dynamic and it leading to “Biodynamic”. The use of the word “method” indicates that certain principles are 

involved, in which their practical application secure a healthy soil and healthy plants which in turn produce 

healthful food for man and healthy feed for animals. The ideal of the biodynamic is the cycle management 

in which the farmer holds as many animals (number and species) as he can feed with his land. Their dung 

(and its diversity) ensures high soil fertility, which produces the best food for humans. With the help of 

biodynamic preparations, the producer arranges natural processes. Thus, the farm becomes a unique 
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organism (a living system) in which each organ (component) needs the other like man, plant, animal and 

soil work together. 

 

History of Biodynamic Agriculture 
The biodynamic method came into practice based on the suggestions given by Dr. Rudolf Steiner in a series 

of lectures called the Agriculture Course. Steiner has been rated as only intellectual of the twentieth 

century who has combined the spiritual and the scientific. Steiner’s answer to the farmers call for help 

during the beginning of chemical farming in Europe (1920’s) when they noticed the rapid degeneration of 

the soil, the quality of the produce and seed viability by which biodynamic agriculture born. The practice 

and philosophy of the biodynamic method are based on the worldview of anthroposophy. Anthroposophy is 

a modern path of knowledge and a spiritual science, which enables the human being to gain a deeper 

understanding of their own true nature and of the world. The heart of anthroposophy is the recognition 

that the human being (manushya) is a spiritual being (purusha). Thus, biodynamic agriculture was the 

first ecological farming system to develop as a grassroots alternate to chemical agriculture. As of 2019, 

biodynamic techniques were used on 202,045 hectares in 55 countries (Demeter Monitor). 

Principles of Biodynamic Agriculture 
1. Farm as a living system. 

2. Seed & biodynamic plant cultivation. 

3. Biodynamics generates on-farm fertility. 

4. Biodynamic sprays enhance soil and plant health. 

5. Working in rhythm with earth and cosmos cycles. 

6. Biodynamics approaches pests and diseases holistically. 

7. Biodynamics brings plants and animals together. 

8. Biodynamic nutrition. 

9. New economic and social design. 

Zodiac Principles of Biodynamics 

   

Cosmic forces Energies from cow Eenergies from plants 

Biodynamic Preparations 
Specific biodynamic measures have been used for more than 65 years. These measures include two groups 

of specifically fermented substances, which are called preparations. Use of biodynamic preparations is a 

distinguish feature of biodynamic farming. They consist of mineral, plant or animal manure extract usually 

fermented and applied in small proportions to compost, manures, soil or directly onto plants after dilution 

and stirring procedures called dynamization. The first group includes 6 different herbal substances 
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numbered BD 502-507 and are added in small amounts to manures and composts. So, they are collectively 

called as compost preparations. The second group includes the sprays numbered as BD 500 and 501. 

Sometimes 508 which is made by boiling the horse tail plant and is applied only in excessively wet years to 

prevent fungal diseases. 

 

Biodynamic Calendar 
1. This calendar is based on the suggestions given by Rudolf Steiner. But one can conduct experiments with 

different rhythms, different locations and different cycles of the seasons based on our location.  

2. Planets near to earth are carriers of earthly (calcium) forces and planets further away from earth are 

carriers of cosmic (silica) forces. 

3. Earthly forces (calcium): Moon, Mercury and Venus 

4. Cosmic forces (silica): Mars, Jupiter and Saturn.  

5. The planting calendar is about rhythms - cosmic, solar, lunar rhythms and earthly rhythms. It is an aid 

to our conscious and purposeful participation in these rhythms. 

 

6. These are rhythms that sustain all life on earth. Biodynamic farmers strive to bring life back into the 

soil, so that the food produced from this living soil has increased life force, vitality, nutrition and enhancing 

the quality of human life. 

7. This can be accomplished when the rhythms of our farming activities are aligned with the natural cosmic 

and earth rhythms. 

8. The planting calendar indicates the important days for farming activities during these 6 different 

rhythmic cycles each month. 
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Biodynamic Certification 
1. Demeter is the international brand for products from biodynamic agriculture. Only strictly controlled 

and contractually bound partners are permitted to use the brand.  

2. They exclude the use of synthetic fertilisers and chemical plant protection agents in agricultural crop 

production or artificial additives during processing but also require very specific measures to strengthen 

the life processes in soil and foodstuffs. 

 

3. Demeter is the only ecological association that has built up a network of individual certification 

organisations worldwide. Presently, Demeter international has 18 members and 5 guest-members from 

Europe, America, Africa and New Zealand. 

4. Since 2008, the Biodynamic Association of India hosts and manages the Demeter certification office, 

India. 

5. Demeter stands for top quality products produced by the biodynamic method. Globally, it ranks as a top 

brand for the food sector. Europe and the United States have the most loyal and aware. 

 

Conclusion 
Use of biodynamics improved yield and quality of field crops/fruits and vegetables. Improvement in soil 

chemical properties such as nutrient content, pH, CEC etc. achieved with application of biodynamics. 

Application of different biodynamic in compost improve the growth and yield attributes like Plant height, 

number of flowers. Shoot length, root length as well as total bulb yield of onion and tomato etc. 
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Introduction 
Artificial intelligence is based on the principle that human intelligence can be defined in a way that a 

machine can easily mimic it and execute tasks, from the simplest to those that are even more complex. The 

goals of artificial intelligence include learning, reasoning, and perception. Agriculture and farming are one 

of the oldest and most important professions in the world. It plays an important role in the economic sector. 

Worldwide, agriculture is a $5 trillion industry. The global population is expected to reach more than nine 

billion by 2050 which will require an increase in agricultural production by 70% to fulfill the demand. As 

the world population is increasing due to which land water and resources becoming insufficient to continue 

the demand-supply chain. So, we need a smarter approach and become more efficient about how we farm 

and can be most productive. 

In this article, I will cover are challenges faced by farmers by using traditional methods of farming and 

how Artificial Intelligence is making a revolution in agriculture by replacing traditional methods by using 

more efficient methods and helping the world to become a better place. 

Lifecycle of Agriculture 
We can divide the Process of Agriculture into different parts: 

Preparation of soil: It is the initial stage of farming where farmers prepare the soil for sowing seeds. 

This process involves breaking large soil clumps and remove debris, such as sticks, rocks, and roots. Also, 

add fertilizers and organic matter depend on the type of crop to create an ideal situation for crops. 

Sowing of seeds: This stage requires taking care of the distance between two seeds, depth for planting 

seeds. At this stage climatic conditions such as temperature, humidity, and rainfall play an important role. 

Adding Fertilizers: To maintain soil fertility is an important factor so the farmer can continue to grow 

nutritious crops and healthy crops. Farmers turn to fertilizers because these substances contain plant 

nutrients such as nitrogen, phosphorus, and potassium. Fertilizers are simply planted nutrients applied to 

agricultural fields to supplement the required elements found naturally in the soil. This stage also 

determines the quality of the crop. 

Irrigation: This stage helps to keep the soil moist and maintain humidity. Underwatering or overwatering 

can hamper the growth of crops and if not done properly it can lead to damaged crops. 

Weed protection: Weeds are unwanted plants that grow near crops or at the boundary of farms. Weed 

protection is important to factor as weed decreases yields, increases production cost, interfere with harvest, 

and lower crop quality 

Harvesting: It is the process of gathering ripe crops from the fields. It requires a lot of laborers for this 

activity so this is a labor-intensive activity. This stage also includes post-harvest handling such as cleaning, 

sorting, packing, and cooling. 

Storage: This phase of the post-harvest system during which the products are kept in such a way as to 

guarantee food security other than during periods of agriculture. It also includes packing and 

transportation of crops. 

Challenges Faced by Farmers by Using Traditional Methods of Farming 
Listing down general challenges that exist in the agricultural domain. 

In farming climatic factors such as rainfall, temperature and humidity play an important role in the 

agriculture lifecycle. Increasing deforestation and pollution result in climatic changes, so it’s difficult for 
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farmers to take decisions to prepare the soil, sow seeds, and harvest. Every crop requires specific nutrition 

in the soil. There are 3 main nutrients nitrogen (N), phosphorous (P) and potassium (K) required in soil. 

The deficiency of nutrients can lead to poor quality of crops. As we can see from the agriculture lifecycle 

that weed protection plays an important role. If not controlled it can lead to an increase in production cost 

and also it absorbs nutrients from the soil which can cause nutrition deficiency in the soil. 

Biodynamic Preparations 
Specific biodynamic measures have been used for more than 65 years. These measures include two groups 

of specifically fermented substances, which are called preparations. Use of biodynamic preparations is a 

distinguish feature of biodynamic farming. They consist of mineral, plant or animal manure extract usually 

fermented and applied in small proportions to compost, manures, soil or directly onto plants after dilution 

and stirring procedures called dynamization. The first group includes 6 different herbal substances 

numbered BD 502-507 and are added in small amounts to manures and composts. So, they are collectively 

called as compost preparations. The second group includes the sprays numbered as BD 500 and 501. 

Sometimes 508 which is made by boiling the horse tail plant and is applied only in excessively wet years to 

prevent fungal diseases. 

Applications of Artificial Intelligence in Agriculture 
The industry is turning to Artificial Intelligence technologies to help yield healthier crops, control pests, 

monitor soil, and growing conditions, organize data for farmers, help with the workload, and improve a 

wide range of agriculture-related tasks in the entire food supply chain (Kim et al 2008) 

Use of weather forecasting: With the change in climatic condition and increasing pollution it’s difficult 

for farmers to determine the right time for sowing seed, with help of Artificial Intelligence farmers can 

analyze weather conditions by using weather forecasting which helps they plan the type of crop can be 

grown and when should seeds be sown. 

Soil and crop health monitoring system: The type of soil and nutrition of soil plays an important factor 

in the type of crop is grown and the quality of the crop. Due to increasing, deforestation soil quality is 

degrading and it’s hard to determine the quality of the soil. 

A German-based tech start-up PEAT has developed an AI-based application called Plantix that can identify 

the nutrient deficiencies in soil including plant pests and diseases by which farmers can also get an idea to 

use fertilizer which helps to improve harvest quality. This app uses image recognition-based technology. 

The farmer can capture images of plants using smartphones. We can also see soil restoration techniques 

with tips and other solutions through short videos on this application. 

Similarly, Trace Genomics is another machine learning-based company that helps farmers to do a soil 

analysis to farmers. Such type of app helps farmers to monitor soil and crop’s health conditions and produce 

healthy crops with a higher level of productivity (Kumar 2014). 

Analyzing crop health by drones: SkySqurrel Technologies has brought drone-based Ariel imaging 

solutions for monitoring crop health. In this technique, the drone captures data from fields and then data 

is transferred via a USB drive from the drone to a computer and analyzed by experts. 

This company uses algorithms to analyze the captured images and provide a detailed report containing the 

current health of the farm. It helps the farmer to identify pests and bacteria helping farmers to timely use 

of pest control and other methods to take required action 

Precision Farming and Predictive Analytics: AI applications in agriculture have developed 

applications and tools which help farmer’s inaccurate and controlled farming by providing them proper 

guidance to farmers about water management, crop rotation, timely harvesting, and type of crop to be 

grown, optimum planting, pest attacks, and nutrition management. 

While using the machine learning algorithms in connection with images captured by satellites and drones, 

AI-enabled technologies predict weather conditions, analyze crop sustainability and evaluate farms for the 

presence of diseases or pests and poor plant nutrition on farms with data like temperature, precipitation, 

wind speed, and solar radiation. 
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Farmers without connectivity can get AI benefits right now, with tools as simple as an SMS-enabled phone 

and the Sowing App. Meanwhile, farmers with Wi-Fi access can use AI applications to get a continually AI-

customized plan for their lands. With such IoT- and AI-driven solutions, farmers can meet the world’s needs 

for increased food sustainably growing production and revenues without depleting precious natural 

resources. 

In the future, AI will help farmers evolve into agricultural technologists, using data to optimize yields down 

to individual rows of plantsAgricultural Robotics: AI companies are developing robots that can easily 

perform multiple tasks in farming fields. This type of robot is trained to control weeds and harvest crops 

at a faster pace with higher volumes compared to humans. 

These types of robots are trained to check the quality of crops and detect weed with picking and packing of 

crops at the same time. These robots are also capable to fight with challenges faced by agricultural force 

labor (Totlih 2001) AI-enabled system to detect pests: Pests are one of the worst enemies of the farmers 

which damages crops. 

AI systems use satellite images and compare them with historical data using AI algorithms and detect that 

if any insect has landed and which type of insect has landed like the locust, grasshopper, etc. And send 

alerts to farmers to their smartphones so that farmers can take required precautions and use required pest 

control thus AI helps farmers to fight against pests. 

Conclusion 
Artificial Intelligence in agriculture not only helping farmers to automate their farming but also shifts to 

precise cultivation for higher crop yield and better quality while using fewer resources. 

Companies involved in improving machine learning or Artificial Intelligence-based products or services like 

training data for agriculture, drone, and automated machine making will get technological advancement 

in the future will provide more useful applications to this sector helping the world deal with food production 

issues for the growing population. 
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Introduction 
Diversifying food resources through incorporation of ancient pseudocereals possessing unparallel nutritive 

value and nutraceutical properties in modern cropping systems is one potential strategy to combat the 

hidden hunger (Boukid et al., 2018). Buckwheat (BW, Fagopyrum spp.) is one such pseudocereal valued for 

its centuries-old historical cultivation and immense nutraceutical potential, wide adaptability to fragile 

hilly, tribal and marginal ecosystems, it has been treated as a subsistence and security crop from a long 

time. Among the 26 known species of genus Fagopyrum, F. esculentum Moech (Common Buckwheat as 

“sweet buckwheat”) named in 1794 and F. tataricum (Linn) Gaertn (Tartary Buckwheat as “bitter 

buckwheat”), named in 1791, are the two cultivated species predominantly having chromosome number 2n 

= 2x = 16 (Joshi et al., 2019), with genome size ~1.2 Gbp (Yasui et al., 2016) and ~0.48 Gbp (Zhang et al., 

2017a) respectively, which is very small as compared to wheat (~16.8 Gbp). 

Origin 
The centre of origin of F. esculentum is Eastern Tibetan plateau and Yunnan province in China, while F. 

tataricum is originated from Eastern Tibet or North-western Yunnan. The rest of the BW species are 

believed to be originated from North-western Sichuan province in China (Ohsako and Ohnishi, 2000). 

During the last ten years, the molecular phylogenetic relationships between the species were extensively 

studied and the taxonomic relationships among the wild species are now well established (Ohnishi And 

Matsuoka, 1996; Yasui And Ohnishi, 1998; Ohsako And Ohnishi, 2000; Nishimoto et al., 2003). 

CB and TB are mainly cultivated in the temperate zones of the Northern hemisphere and occasionally as 

staple food in some regions of China (Gansi, Sichuan, Qinhai, Yunnan and Tibet provinces) and Himalayan 

hills. In India, it is mainly cultivated in the high hilly regions of Himachal Pradesh, Jammu and Kashmir, 

Sikkim, Manipur, Arunachal Pradesh, Uttarakhand, Assam, Nilgiris and Palni hills. In Himachal Pradesh, 

main buckwheat growing areas include districts of Chamba, Lahaul & Spiti, Mandi, Kullu, Shimla and 

Kinnaur. 

Morphology and Agronomic Attributes 
Taxonomically, genus Fagopyrum is placed under the order Caryophyllales of family Polygonaceae and 

includes both diploid and tetraploid species and the two species exhibit variation for morphological 

characteristics viz., inflorescence and seed shape. Plants of TB exhibit many branches and bears more 

arrow shaped leaves than in CB. The flowers of TB are smaller, have inconspicuous greenish-white sepals, 

are homomorphic, self-fertile and are cleistogamous, whereas CB is an auto-incompatible species having 

dimorphic flower, either a pin type (long pistil and short stamen) or thrum type (short pistil and long 

stamen). CB seeds are generally triangular in shape, whereas TB is characterized by ovate or broadly ovate 

and surfaces grooved seeds.  

Generally, BW plant is a tall, annual herb of 0.5–2.5m height. CB is well adapted to lower elevations (< 

1000 m), while TB performs well in the higher altitudes (> 2500 m) (Rana et al., 2016). Buckwheat 

completes its life cycle in 70–90 days (Campbell 1997) and may extend up to 130–150 days under 

unfavorable conditions (Michiyama and Hayashi 1998). It can grow in wide range of environmental 

conditions preferably moist and cool climate and thrives well in drained marshland, marginal land and 

acidic soils (pH < 5) (Hore and Rathic 2002). Optimum temperature range required for growth is 18–23 °C, 

where low temperature (below 10 °C) generally delays or inhibits the flowering (Bjorkman 2000), high 

temperature (above 30 °C) cause abortion of ovule and embryo sac malformation (Gang and Yu 1998). In 

many areas the trend is for replacement of common buckwheat, which has lower yielding ability and lacks 
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frost tolerance than TB, thus out-yields CB.  Another discovery of ‘rice’ Tartary buckwheat which has a 

non-adhering hull and therefore dehulls very readily, despite of being desirable still it has not resulted in 

increased production due to extreme difficulty in making of crosses between them. 

Buckwheat as a Super Food? 
In my opinion, a superfood should be nourishing and satisfying, and provide a bountiful variety of the 

nutritional essentials that we need for energy and vitality. In addition, superfoods should be versatile and 

sustainable for both humans and planet. Buckwheat amply fills this bill as it has an appealing, roasty 

flavor that is equally welcome as a waker-upper snack furnished with nutrients, protein, healthy carbs, 

and other essentials we all need, while satisfying the appetite Buckwheat blossoms provide a sweet nectar 

that nourishes hungry, hard-working pollinators whose numbers are threatened by modern land 

management practices. Hard to beat? Yes, but for all buckwheat’s advantages, Himalayan Tartary 

buckwheat (HTB), its eastern cousin of the same family as tangy sorrel and rhubarb, just does that. 

Anti-oxidant and Anti-Aging Properties 
Among the three cultivated species, TB possesses the highest antioxidant properties due to the abundance 

of total flavonoids like rutin and quercetin. A diet comprised of phenolic compounds of BW enhances the 

activity of antioxidant enzymes and provide protection against cellular oxidative stress to animal body and 

rats (Kim et al., 2012). HTB is a natural store of such phytonutrients one being stealth ingredient, known 

as Hobamine (short for 2-hydroxybenzylamine) which is a Buckwheat’s Crown gem so named as it has anti-

aging properties and proper functioning of our vital organs by protecting the structural framework of 

proteins. BW based food products and extracts are reported to delay aging and control chronic disorders 

(Zhou et al., 2012a). 

Anti-Neoplastic Properties 
Seven novel phenylpropanoid glycosides (tatariside C3; most effective) isolated from the extracts of TB 

roots, have anti-carcinogenic properties as they have potential cytotoxic effect on cancer cell lines such as 

A-549, HCT116, ZR-75-30 and HL-60 (Zheng et al., 2012). 

Deficit 
The farming of BW is on the verge of declining since previous years in the Indian Himalayan regions and 

some areas of India, Nepal and China due to numerous factors like lack of crop improvement efforts, 

cropping pattern systems, as government is more focused on the introduction and promotion of cash crops 

and other cereal crops, which are more remunerative than buckwheat and this has a direct major impact, 

as there is no organized market for it (Rana et al., 2010). 

Conclusions and Future Thrusts 
The cultivation of buckwheat actually benefits the earth and after cutting, it can be composted straight 

into the ground, protecting the topsoil and topping up its nutrient reserves, and feeds the soil’s beneficial 

microbial residents. Increased interest has recently been shown for its human consumption due to health 

benefits. But the nutritional profile and accumulation of bioactive compounds of BW are influenced by 

various environmental factors and agricultural techniques which can be resolved by having more detailed 

investigations to understand the interaction of agronomic practices with climate conditions, which are the 

critical determinants of nutritive value and nutraceutical potentials of BW. The advanced studies will 

further aid in retaining its identity more than a pseudocereal or underutilized crop as it can do wonders in 

terms of nutrition and health issues and utilization of this crop to its maximum potential by yielding more 

programmes for its improvement and enhancing its commercial applications at international level in the 

coming future. 
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Buckwheat (Fagopyrum sp.) popularly called “pseudo cereal” suggesting that its seeds can be used like 

other cereals and plant as a cover crop, belonging to family Polygonaceae which has been cultivated from 

ancient times due to its nutraceutical values beneficial for humans as well as livestock. Adding such crop 

in daily diets can overcome hunger issues as it is supplemented with wholesome of nutrients. Despite, this 

crop lags behind other major cereals in terms of consumption and production due to changing cropping 

patterns, varying food habits, poor breeding efforts and lack of knowledge for its improvement naming it 

as underutilized crop. Also, there are certain barriers namely apomixis, low seed availability, self/cross- 

incompatibility, shattering, sterility etc. linked with its breeding plans. Despite such hurdles, scientists & 

breeders aim to focus on developing varieties specifically for high yield, biotic and abiotic stresses along 

with other improved morphological and agronomical attributes of genotypes which can only be achieved by 

opting systematic breeding strategies. 

Conventional Breeding Schemes 
Emasculation methods: Three methods namely hand emasculation, hot water using Thermos and 

electric water bath (Thermo Minder SD Mini, TAITEK Corporation, Japan) are randomly used for 

emasculating buckwheat genotypes. Emasculation is usually done from 2-5 pm followed by pollination in 

early morning.  

Hand emasculation: On an average, there are six flowering buds in a cyme. Initially, flower clusters are 

prepared by removing opened flower, ready to open flower and very immature and seed set flowers. About 

1/3rd top portion of flowering bud is cut (also done without cutting the top portion) and 8 anthers are 

removed with the help of needle or forceps using magnifying lens.  

Hot water treatment: In general, flower buds soaked in Thermos and Water bath are tested at different 

temperatures for different time intervals. Thermometer is used to check the water temperature while stop 

watch for scanning the duration of soaked buds.  

A simple emasculation method using hot water was developed in Tartary buckwheat (TB). Apical clusters 

of flower buds were soaked in a constant-temperature (44℃ for 3 min) water bath in afternoon, and the 

opened flowers subjected to artificial pollination next morning. This gave desired seed set results which 

proved to be practically successful in its breeding plan. 

Pollination: Following emasculation, opened flowers are marked and two methods, rubbing and brushing 

are generally followed for pollination. Anthers are collected from male flowers which are ready to open, in 

petridish using forceps and pollens are then dusted on emasculated flower next morning by brush/needle 

or anther is picked with forceps and rubbed onto the stigma. Pollinated flowers are then regularly 

monitored and one week after treatment, number of seed set and dead flowers are counted.  

Fate of crossing methods: Every flower part of this plant is very sensitive and delicate such that they 

turn fragile and dry on touching with forceps or needles. Flowers emasculated by hand do not open and are 

force pollinated. After cutting the tips, flower turns dark and do not open completely and eventually dies. 

Hand emasculation is however very difficult and could not be successful in TB. 

Similarly, flowers immersed in Thermos hot water did not open following forced pollination. But seed set 

rate is not easily attained due to the reason that the temperature is not properly maintained at right 

degrees in Thermos, as more temperature inhibits the opening of flower (Mukasa et al 2007). 

In case of treating buds in water bath, they tend to open next day because of the supply of constant 

temperature and using this simple treatment, F1 seeds are easily produced.  
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Breeding of buckwheat species: Many inter-specific hybrids were attempted among which F. giganteum 

was reported as successful hybrid between F. tataricum & F. cymosum (Krotov 1975), and other cross 

between F. esculentum and F. cymosum (Hirose et al.1993) using ovule culture techniques and backcrossing 

with common buckwheat (CB). The resulted ovules were embryo rescued but the plants were sterile; 

Suvorova et al. (1994) further regenerated fertile hybrid plants through ovule rescue technique.  

A number of conventional breeding techniques were attempted for overcoming cross incompatibility 

through the development of inter-specific hybrids between CB and TB using embryo or ovule culture 

systems (Hu and Wang, 1986), though they have limited success rates (Morris, 1952). However, successful 

and equal number of hybrid seedlings (Samimy et al., 1996) developed with CB and TB, only when F. 

tataricum is pollinated with the pollen of F. esculentum (either pin or thrum type flowers). But no hybrid 

plants could be obtained when F. esculentum used as female parent.  

Varieties: The first crop improvement programme on CB resulted in the development of some famous and 

well-known varieties namely Bogatyr developed in Russia from 1901 to 1909, a “Japanese variety” 

Hashigamiwase bred in 1919 and Botan Soba was released in 1930. The fact that the progress in improving 

such varieties is still low due to outcrossing nature and presence of limited variation. Following varieties 

(Table 1)* of CB and TB have been released under the umbrella of All India Coordinated Research Network 

on Potential crops, a national programme on the improvement of underutilized species: 

Table 1: 

Variety  Year  Features   

Himpriya 

(tataricum 

sp) 

1991 Released by NBPGR Regional Station, Shimla (HP) by pure line selection; 

Average grain yield-12 q/ha; matures within 119 days; Growth habit: trailing 

and indeterminate & plant height of 90 cm; Seed weight is around 7.0 g; 

Suitable for early as well as normal planting and is free from leaf spot diseases 

and insect pests.  

VL UGAL 7 

(esculentum 

sp.) 

1991 HYV of CB released by VPKAS, Almora through mass selection; Most suitable 

for midhills and valley areas; Flower colour: white and seeds:black ; Early 

maturing: 70-80 days (spring planting) & 55-60 days (normal or late planting); 

8-10q/ha seed yield. 

PRB-1 

(esculentum 

sp.) 

1997 HYV developed by G.B. Pant University of Agriculture& Technology, 

Uttarakhand; average grain yield of 18-20 q/ha; Suitable for double cropping 

system in mid-hilly regions of UP, HP and NE states; matures in about 100-108 

days; Growth habit: tall (131 cm), erect and highly branched with dark green 

foliage and has slightly bolder seeds than Himpriya  

Shimla B-1 

(tataricum 

sp) 

2005 Released through pure line selection for mid and high hills of HP and 

Uttrakhand; fits well in double cropping system where it is grown after potato, 

cabbage, peas and hops during mid-August to mid-October; Seed yield -12.11 

q/ha & matures in about 80 days. 

Sangla B-1 

(tataricum 

sp) 

2005 Released by CSKHPKV, Palampur; Suits for mid and high hills of H P and 

Uttrakhand as pure line selection; 13 q/ha seed yield; matures in about 106 

days;  and Resistant to powdery mildew  

Genetic Assisted Crop Improvement at Molecular Level 
Molecular markers linked to target traits, such as crop quality and disease resistance, allow desirable 

progeny to be quickly and accurately identified at the seedling stage without having phenotypic survey of 

each plant where polymerase chain reaction (PCR) played important role in detecting DNA polymorphisms 

in many crop species. Several types of molecular markers have been developed and used in buckwheat 

(Yasui 2020). 

In the late 1990s and early 2000s, Random Amplification of Polymorphic DNA (RAPD) (Williams et al. 

1990) and Amplified Fragment Length Polymorphism (AFLP) (Vos et al. 1995) have been widely used as 

molecular markers in CB (Konishi et al. 2005; Sharma and Jana 2002; Yasui et al. 2004). These two 

technologies generate dominant markers (can’t distinguish between the homozygotes & heterozygotes), so 

it takes at least two generations; F2 and F3, to fix and confirm the genotype. Because of this, Simple 
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Sequence Repeats (SSRs) (Litt and Luty 1989) were subsequently developed as codominant markers for 

studying population genetics & assessment of genetic diversity (Ma et al. 2009), and Expressed Sequence 

Tags (ESTs) markers for identifying candidate photoperiod sensitivite genes in CB (Hara et al. 2011). One 

molecular technique “QTL mapping” has shown its prime importance for a variety of traits in many crop 

species, owing to the performance of versatile DNA markers and developing various statistical models and 

methods (Kearsey and Farquhar 1998). From 2010 onwards, Next-Generation Sequencing (NGS) and 

Genome-Wide Genotyping by Sequencing (GBS, Elshire et al. 2011) have been used extensively for 

analyzing genetic diversity of CB crop (Mizuno and Yasui 2019). 

Future Prospect of Gene Editing in Buckwheat Breeding 
Genetically modified (GM) buckwheat is not commercially viable in Japan and it is unlikely that there 

would be widespread consumer support for GM buckwheat, even if the plants are considered safe for human 

consumption. However, lines produced by mutagenesis can be used as non- GM plants in Japan. Gene 

editing techniques that can target and mutate several genes of interest simultaneously, have been 

developed in many plant species, it could also be a suitable strategy for producing non-allergenic buckwheat 

lines, as buckwheat contains several allergenic proteins (Park et al. 2000; Satoh et al. 2020). To our 

knowledge, there is no report of successful gene editing in buckwheat. However, we predict that using such 

effective high-throughput genomic interventions, further success in terms of genetic manipulation will be 

developed in BW in the near future. 
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Environmental worries over pesticides prompted the creation of Ecological Pest Management. This is aimed 

to change crop protection strategy by requiring a greater understanding of insect and seed ecology, 

culminating in a programme that emphasized the usage of a variety of complementary techniques rather 

than unilateral pesticide intervention. Ecological theory was meant to be the bedrock for forecasting how 

specific improvements in manufacturing processes and inputs will impact pest problems. Ecology was 

believed to play a role in the development of pest-resistant agricultural systems. In such schemes, 

pesticides should be used in conjunction with natural regulatory mechanisms. The ecological foundations 

of pest management have been the subject of several publications and research by academics (South wood 

et al.1970; Price and Waldbauer 1975; Pimentel and Goodman 1978). Despite all of this early work, which 

provided much of the required ecological foundations, most Ecological Basis programmes devolved into 

"intelligent pesticide management" schemes that struggled to bring ecologically-based theory into practice. 

Instead of focusing on why agro ecosystems are vulnerable and how to make them more pest-resistant, the 

focus has been on pest control strategies and reducing crop destruction. A core component of redesigning 

the agro ecosystem by ecological engineering is the shift from linear, relationships between target pests 

that are one-to-one and a single management tactic to networks of relationships between insect pests, 

related natural enemies and schemes to diversify crops. Pest issues are avoided by strengthening the agro 

ecosystem's defenses, and pest control operations are combined with other agricultural practices that 

sustain soil fertility and crop health around the same time as maintaining food security and affluence. 

While it is crucial to comprehend the auto-ecological factors that contribute to pests' ease of adaptation and 

succeed in agro ecosystems, pinpointing what makes agro ecosystems vulnerable to pests is even more 

critical. By designing agro ecosystems that both works against the pests' performance and are less 

vulnerable to pest invasion, farmers can substantially reduce pest numbers. 

Key Elements of Ecological Pest Management 
1. Crop management: Within and around crop fields, above-ground habitat conservation and biodiversity 

enhancement are significant. Maintain biodiversity, stress pests, and/or increase beneficial species using a 

range of activities or techniques. 

a. Choose crops that are suited to your environment and soil. 

b. Choose pest-resistant, local varieties, and well-adapted cultivars 

c. In crop rotations that depend on legumes, rotate botanically unrelated crops. 

d. Use cover crops intensively. 

e. Manage field borders and in-field ecosystems (ecological islands) to attract beneficial insects while 

trapping or confusing pest insects. 

f. Use proper sanitation management 

g. Intercropping and agro forestry programmes are worth considering. 

2. Soil management: Conservation and improvement of below-ground habitat. To stress pests, improve 

beneficially, and/or provide the best chemical, physical, and biological soil habitat for crops, build healthy 

soil and preserve below-ground biodiversity. 
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a. Use crop residues, manures, and composts to create and preserve soil organic matter. 

b. Reduce soil disturbance (Tillage) 

c. Use crop residue or live plants to cover the soil. 

d. Use cover crops routinely 

e. Rotate crops for longer periods of time to raise microbial communities in the soil and break 

disease, insect, and weed cycles. 

f. Maintain sufficient nutrient levels for crops while preventing plant imbalances that could make 

them more susceptible to insects and diseases. 

g. Maintain appropriate pH 

h. Prevent nutrient losses and soil erosion. 

i. Avoid soil compaction-causing activities. 

3. Planned supplemental pest management practices: If research and farmer experience suggest that 

additional unique pest control strategies are required in addition to the above-mentioned systematic 

preventive management, the practices described below should be used: 

a. Release beneficial insects or use bio-pesticides which are least detrimental to the ecosystem. 

b. Prune to minimize canopy humidity and prevent fungal infections. 

c.  Plant protection by cultivating based on essential competition time information. 

d. Additional soil activities designed to reduce crop stress and/or increase yield and efficiency: 

e. Check to see if the soil is well hydrated (i.e., with careful irrigation scheduling). 

f. Leave a mulch cover instead of including orchard cover crops. 

g. Under sow legumes in cereals. 

4. Reactive inputs for pest management: Release beneficial species or apply low-impact bio-pesticides 

if pest populations are above threshold and beneficial populations are low by using preventive and planned 

management methods. 

5. Reactive inputs to reduce plant stress: 

a. Use chisel plow or sub-soiler to alleviate soil compaction. 

b. As soon as plant deficiency signs appear, apply nutrients to the soil or foliage. 

Ecological Principles for Managing Crops Pests 
In general, sustainable pest management practices adhere to one or more of the following guidelines:  

a. Promote biodiversity.  

b. Create healthy crop habitats. 

c. Reduce disturbance to soil and non-crop vegetation. 

d. Minimize off-farm inputs. 

Applying Ecological Principles to the Farm 
Ecological management aims to minimize pest abundance to tolerable levels by using a variety of pest 

control strategies that are integrated with crop and soil management. 

When you integrate multiple control tactics, your production system benefits in the following ways: 

a. When individual techniques are combined, their effects are amplified. 

b. The risk of crop failure is reduced because you are spreading the burden of crop protection across 

many tactics. 

c. Environmental disruptions and threats to human health are minimized. 

d. The ability of pests to develop resistance or adapt to specific strategies is slowed. 

e. By reducing the need for imported inputs, maintenance costs are minimised and profitability is 

increased when properly integrated. 

The major ecological way to management of crop pest in farm: 

a. Grafting and Selecting Resistant Varieties. 

b. Include Natural and Semi-Natural Habitats on the Farm. 

c. Enhance Natural Enemies.  

d. Manage Soil to Produce Healthy Crops. 

e. Minimize Agricultural Disturbances on the Farm. 
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f. Create Multiple Stresses for Pests. 

g. Reduce Excess Sources of Nitrogen. 

h. Beyond Pest Management. 

Conclusions 
Agroecological approaches to pest management for sustainable agriculture, emphasizes on the 

incorporation of ecological principles into pest management while ensuring high productivity and profitable 

harvests without causing harm to the environment. The restructuring of the crop production system to 

incorporate preventative ecological measures that keep organisms from reaching pest status is the long-

term pest management strategy. The use of biological processes has been given emphasis for agroecological 

crop protection through biodiversity while also preserving as well as improving soil health (fertility, 

biological activity, structure, etc.). The preventive strategies [above- and below – ground habitat 

management (crop/soil management)] rather than reactive strategies form the basis of agroecological pest 

management.  

Finally, understanding the long-term effects of semi-natural habitats, including field margins, on natural 

enemies and pests on field and landscape level is important, if habitat manipulation is to be a viable and 

widely used tool for improving natural pest control. 
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Soil organic matter is the fraction of the soil that consists of plant or animal tissue in various stages of 

breakdown (decomposition). These components can be grouped into three major types: Plant residues and 

living microbial biomass, active soil organic matter also referred to as detritus and Stable soil organic 

matter, often referred to as humus. There are different pools of SOC in soil namely plant residues, 

particulate organic carbon, humus carbon and recalcitrant organic carbon. Each of the different carbon 

pools decomposes, or turns over, at a different rate and is involved in different soil processes. There are 

numerous benefits to having a relatively high stable organic matter level in an agricultural soil. These 

benefits can be grouped into three categories. 

Physical Benefits 
1. Organic matter reduces the undesirable properties of clay soil like cohesion and plasticity. It makes the 

clay soil friable and make it easy for cultivation 

2. Reduces the losses of soil by wind erosion and reduces the surface run-off and makes soil water more 

available to plants.  

3. Enhances aggregate stability 

4. Improve water infiltration and soil aeration 

5. Reduces runoff 

6. Improves water holding capacity of soil 

7. Reduces the stickiness of clay soils making them easier to till 

8. Reduces surface crusting, facilitating seedbed preparation. 

9. Imparts a dark colour to the soil and thereby helps to maintain soil temperature. 

Chemical Benefits 
1. Increases the soil's CEC and supply over time essential nutrients such as calcium, magnesium and 

potassium etc. 

2. Improves the ability of a soil to resist pH change; this is also known as buffering capacity. 

3. Accelerates decomposition of soil minerals over time, making the nutrients in the minerals available for 

plant. 

4. Reduces soil alkalinity. 

5. Provides food for the living organisms in the soil. 

6. Enhancing soil microbial biodiversity and activity which can help in the suppression of diseases and 

pests. 

7. Increase in pore space through the actions of soil microorganisms which helps to increase infiltration 

and reduce runoff. 

Biological Benefits 
1. Provides food for the living organisms in the soil. 

2. Enhancing soil microbial biodiversity and activity which can help in the suppression of diseases and 

pests. 

3. Increase in pore space through the actions of soil microorganisms which helps to increase infiltration 

and reduce runoff. 

Nagwanshi et al. (2018) studied the effect of chemical fertilizers and manures on yield of soybean in an 

Vertisols. The results revealed that the maximum yield was recorded when 100% NPK was supplemented 

with FYM whereas minimum was confined in control followed by N alone.  
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Rout et al. (2017) studied the long-term effect of chemical fertilizers and manures on yield of hybrid maize 

and reported that the grain and straw yield of hybrid maize were significantly higher under 100% NPK + 

FYM treatment which is well evidenced by a yield increase of 12.6 % over 100% NPK alone. Therefore, the 

present investigation stresses the vital importance of application of chemical fertilizers in conjunction with 

organic manures in the fertilizer schedule in exploiting high yield potential of hybrid maize so as to sustain 

soil productivity over long run. 

Shambhavi et al. (2017) conducted a study on long term effect of chemical fertilizers and amendments on 

productivity of maize and wheat and concluded that the impact of the chemical fertilizers and amendments 

on grain and stover yield was found positive under organically amended plots (100 % NPK + FYM) followed 

by lime treatment due to availability of ideal soil environment essential for their growth.  

Venugopal et al. (2015) studied the long-term effect of chemical fertilizers and manure application on yield 

of sorghum and reported that  the integrated nutrient management practice by applying FYM or crop 

residues along with optimum NPK fertilizers (NPK+FYM and NPK+CR) increased the sorghum grain yield 

and nutrient uptake significantly over application of only fertilizers (100% NPK). 

Conclusions 
1. SOM improves physical, chemical and biological properties of the soil and ultimately increases crop yield. 

2. The better and sustainable agricultural practices like crop rotation, green manuring, zero tillage, 

application of organics etc. are needed to bring sustainability in agriculture. 

3. Thus, conjoint use of fertilizers and organics will certainly reduce the use of chemical inputs and will 

give a sustainable growth to agricultural production. 
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Introduction 
Emerging plant pest and diseases has been recognized as a major threat to global food security. There have 

been significant crop losses reported due to plant pathogens, animals, weeds and this lower down the yield. 

The emerging modern technology genome editing has proven to be a powerful tool to cope up this biotic 

stress either by stacking of disease resistant (R) gene(s) or disruption/deletion of susceptibility (S) genes. 

This technology has made possible to genetically modify crop to deploy resistance to bacteria, fungus, virus 

and various other insects and pathogens. The biotic stress resistance can be divided into various subgroups 

based on the type of pathogen. 

Bacterial Resistance 
In crops such as rice which is a stable food for half of the population around the globe various disease like 

bacterial blight, caused by Xanthomonas oryzae pv. Oryzae (Xoo) causes the destruction of millions of 

hectares of rice field. So, when this devastating pathogen and its resulting disease were studied it was 

found that in the mechanism of the disease development various gene signaling was deployed. One such 

gene called Os11N3/ OsSWEET14 which help in the development of the disease by supplying sugars to the 

pathogen so by using the TALENs disease susceptibility elements in the Os11N3 promoter was mutated 

thereby preventing the binding of transcription activator-like effectors (TALEs) secreted by the bacteria 

and disrupting flow of sugar to pathogen (Li et al., 2012). Recently, CRISPR/Cas9 was used for genetically 

modifying the elite mega varieties of rice (IR64 and Ciherang-Sub1) by introduction of five mutations in 

the promoter region of three SWEET genes which ultimately result into the development of broad spectrum 

Xoo resistance in rice cultivars (Oliva et al., 2019). Another bacterial disease, citrus canker caused by 

Xanthomonas citri subsp. citri (Xcc) was targeted by knocking out the entire effector-binding elements 

(EBEPthA4) sequence from both CsLOB1 alleles in citrus to induce high degree resistance in citrus 

explants using CRISPR/Cas9 for the citrus canker (Peng et al. 2017) initially the CsLOB1 (Lateral organ 

boundaries 1) gene was disrupted (Jia et al., 2017). Genome editing approaches seem promising for 

combating devastating diseases in crop plants. 

Fungal Resistance 
There has been an immense use of pesticide chemicals in the modern agriculture to improve the yield and 

reduce the losses caused due to fungal disease. Control of fungal disease by fungicides is neither practical 

nor sustainable. Apart from being less effective, the indiscriminate use of fungicides is deleterious to the 

ecosystem and health of human and livestock. 

The undesirable environmental and health impacts of fungicides necessitate alternative strategies for 

fungal disease management. Genome modification of crops with genes conferring fungal resistance is a 

promising and long-lasting approach for the management of fungal diseases. This preventive strategy is 

not only an alternative approach, but also complementary to the conventional ones. 

Through genome editing the disease susceptible gene can be knocked out, for example in wheat for 

developing the broad-spectrum powdery mildew resistance, caused by Blumeria graminis f. sp. tritici (Bgt), 

the susceptible genes, MLO (Mildew resistance locus O). was targeted which is reported to be responsible 

for suppression of the plant defense system. The knocking out of all three MLO homoeoalleles TaMLO-A1, 

TaMLO-B1, TaMLO-D1 genes was done simultaneously using the TALENs and CRISPR/Cas9 technologies 

(Wang et al., 2014). 

Similar, loss of function mutation was done in tomato and grapes using CRISPR/Cas9 to develop resistance 

to powdery mildew and the genome edited tomato plants obtained were named as “tomelo”. Another 
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example of fungal resistance has been reported in japonica rice where the most devastating blast disease 

caused by Magnaporthe oryzae where the OsERF922 mutant lines were generated using CRISPR/Cas9 and 

possess a significant enhanced blast resistance compared to wild type (Wang et al., 2016).  Similar to rice, 

another important staple crop wheat also gets affected by this fearsome fungal disease caused by the 

Triticum pathotype of M. oryzae (MoT). There have been several reports which have identified more than 

twenty rice S-genes (e.g., OsRAC4/5/B, OsWAK112d, OsMAPK5, OsWRKY28/76, OsERF922, OsGF14b, 

SPL11, OB-fold gene, OsPLDbeta1, and OsSSI2). Hence, with the advancement in the computational tools 

it might be possible to generate wheat blast resistance cultivars through by CRISPR/Cas9 edited, loss of 

function  mutation in wheat orthologs of several rice susceptible (S) genes. 

Virus Resistance 
About half of all the plant diseases are result of viral attacks and leads to huge destruction of agriculture 

crops worldwide (Zaidi et al., 2016). There is an immense need to develop an efficient and durable resistance 

so that it could make plants to withstand the extreme genetic plasticity of viruses. There are two types of 

viruses, DNA virus and RNA virus. When compared is made between the two, in terms of resulting losses, 

RNA viruses cause more losses to agricultural production than the DNA viruses (Zhang et al., 2018). 

In a study RNA virus were targeted such as cucumber vein yellowing virus, zucchini yellow mosaic virus, 

and papaya ring spot mosaic virus to develop the broad-spectrum resistance in crops. The CRISPR/Cas9 

resultant virus resistant mutants have the disrupted eukaryotic translation initiation factor 4E (eIF4E) 

which is essential host component for maintaining the lifecycle of virus and hence are immune against 

virus attack. 

Another study related to virus resistant has been done by Tashkandi et al., 2018 in tomato where CRISPR-

Cas9 system was used to engineer tomato yellow leaf curl virus (TYLCV) resistant plants by targeting the 

coat protein and replicase in the viral genome which will develop immunity by efficient viral interference 

and with delayed or reduced accumulation of viral genomic DNA than the wild-type (WT) plants. Similarly, 

in N. benthamiana by targeting the conserved nonanucleotide sequence (TYLCV, CLCuKoV, TYLCSV, 

BCTV-Worland, MeMV, and BCTV-Logan) the broad-spectrum geminivirus resistance was confirmed 

(Zaidi et al., 2016). The CRISPR/Cas9 system has been successfully used to develop Arabidopsis plants 

resistant to the potyvirus TuMV using the stable overexpression of Cas9 and sgRNAs that specifically 

target the virus genome to inhibit its replication approach. 

The Francisella novicida Cas9 (FnCas9) efficiently represses replication of cucumber mosaic virus, tobacco 

mosaic virus, Nicotiana benthamiana and Arabidopsis plants with effectively reduced viral titer (Zhang et 

al., 2018). Unlike most Cas proteins, C2c2 can cleave single-strand RNA, and it interferes with turnip 

mosaic virus replication in plants. The effective use of CRISPR/Cas9 to develop resistance against viruses, 

specifies the potential significance of this system to manage viral diseases in crops. 

Abiotic Stress 
Besides the different disease and pest, there are other factors that significantly influence the yield of the 

crops which include drought, soil salinity, heat and cold stress. These abiotic stresses are major threat 

resulting into significant limitation in the yield of crops worldwide and governed by many genes along with 

a high environmental influence. 

Various conventional breeding techniques and transgene-based systems have made huge efforts to develop 

cultivars resistant to these abiotic stresses but there are many hurdles one such is the complex inheritance 

pattern of the genes related to the abiotic stress-related traits and the next major problem is the high 

influence of the environment. This constraint has delayed the development of novel cultivars by the genetic 

improvement using conventional methods and induced mutagenesis. 

One strategy to develop abiotic resistance is to target the plant hormones and modulate their level in the 

crop for example such as ethylene is well known to possess a wide role in various physiological processes 

which includes the stress condition such as drought and temperature change. Hence, the CRISPR/Cas9 

approach is being used in plant science to deal with the abiotic stresses and to study its genetic basis, and 

thus assist in producing the stress-resistant crop varieties. In the study by Shi et al., 2017 in maize, they 

altered the level of ethylene by using the genome editing technology and overexpressing the ARGOS genes 
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which is a negative regulator of the ethylene response by inserting the GOS2 promoter upstream of the 

ARGOS8-coding sequence. 

This modification generated the drought-tolerant maize. Besides enhancing the drought tolerance maize, 

it also results in an increased grain yield under flowering stress conditions, with no yield loss under optimal 

conditions. Another major abiotic stress is temperature, a study on the African oil palm reports that it 

possesses good resistance to the salinity and drought stress but is highly sensitive to the cold stress. 

It has been reported that there is an up-regulation of EgWRKY genes under cold weather and hence it is 

thought to play important roles in the responses to abiotic stresses (Xiao et al., 2017). Similarly, the KUP 

genes and MAPK genes are reported through GWAS to play important roles in the resistance to drought 

stress (Ye et al., 2017, Ou et al., 2018). Hence, the genome editing technology can be applied to such tropical 

crops for genetic modification to increase abiotic stress tolerance, and enhancing the resistance to 

destructive diseases and pests. 

In another important crop that is rice, here the OST2/AHA1 has been targeted to induce the enhance 

salinity tolerance (Zhang et al., 2019). The advancement in the editing system has developed has enabled 

the multiple targeting involved in abiotic stress through the Cas12a (Cpf1). 

With genome editing technology various transporters such as the aquaporins can be targeted for enhancing 

the abiotic stress tolerance which will lead to modification of the solute transport channel particularly for 

water, urea, H2O2, and silicon (Zargar et al., 2017, Sonah et al., 2017, Shivaraj et al., 2019). 

Moreover, these emerging technologies also manipulate the stomatal responses in Arabidopsis by targeting 

the OST2/AHA1 gene (Zhang et al., 2019) and inserting a tissue-specific AtEF1 promoter through CRISPR/ 

Cas9. Hence the genome editing technology will be immensely used in future to target minor genes of 

complex quantitative traits related to abiotic stresses (Mushtaq et al., 2018). 

Conclusions 
Genome editing technology has improved the crop quality as well as the economic value of the crops. The 

genome edited crops require less time for development which make it highly adoptable technology on a 

large scale and this generated crop can further be used to enhance the efficiency of breeding programmes. 

But above all, the public acceptance is of utmost importance, and this can be done by spreading reliable 

information about CRISPR technology among the consumers. Despite the challenges, the genome editing 

technology is strongly believed to play an important role in realizing sustainable agriculture. 
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Stubble Burning 
The increasing constraints of labor and time under intensive agriculture have led to the adoption of 

mechanized farming in rice-based cropping systems. Under highly intensive rice-wheat cropping system in 

northwestern India, combine harvesting of rice and wheat fields, which leaves large amounts of crop 

residues in the fields, is now a common practice. As crop residues interfere with tillage and seeding 

operation for the next crop, farmers often prefer to burn these residues. The burning of paddy stubble left 

in the fields after harvest has been a cause of concern for the past several years as it contributes to air 

pollution in the northern Gangetic plains and its already polluted cities like Delhi. Burning of agricultural 

waste, particularly the stubble left after harvesting wheat, in Punjab, Haryana and Delhi leading to 

environmental hazards, such as smoke and particle-rich air, making the air extremely poisonous. According 

to Ministry of New and Renewable Energy (MNRE), India generates on an average 500 Million tons of crop 

residue every year. A majority of this crop residue is in fact used as fodder, fuel for other domestic and 

industrial purposes. However, there is still a surplus of 140 Mt out of which 92 Mt is burned each year 

(NPMCR, 2019). As the spring season starts, like now, people in the area are hit with ‘smog’, or smoke and 

fog, making the air un-breathable. Farmers in Punjab, Haryana, and Uttar Pradesh burn crop residue after 

harvesting paddy a summer crop. The fields have to be cleared of the paddy straws to make way for the 

sowing of wheat. The smoke from burning these crop fields travels causes air quality to plummet. 

The Air Quality Index or AQI rises to severe levels (400 or more in Delhi and its neighbourhood). 

Incidentally, AQI is estimated based on the amount of particle pollution in the air and the associated 

generation of ozone, NO2, SO2, CO. Breathing all of these is bad for health. AQI is good when it is lower 

than 50 units (as in Mysuru, Kochi, Kozhikode and Shillong), moderate when it is 51–100, unhealthy 

between 151–200 (as in Hyderabad these days), very unhealthy between 201–300, hazardous between 301–

400 and severe above 400 (as in today’s Delhi region, where stubble burning continues). 

Several solutions have been proposed over the years to tackle the issue. According to a report of The Hindu 

(dated 24th September, 2020), the most recent one, which has been billed as a game-changer, is the ‘Pusa 

Decomposer’ capsule developed by IARI. These green and red-coloured capsules can go a long way in 

preventing Delhi-NCR from turning into a gas chamber. 

PUSA Decomposer 
In crops such as rice which is a stable food for half of the population around the globe various disease like 

bacterial blight, caused by Xanthomonas oryzae pv. Oryzae (Xoo) causes the destruction of millions of 

hectares of rice field. So, when this devastating pathogen and its resulting disease were studied it was 

found that in the mechanism of the disease development various gene signaling was deployed. One such 

gene called Os11N3/ OsSWEET14 which help in the development of the disease by supplying sugars to the 

pathogen so by using the TALENs disease susceptibility elements in the Os11N3 promoter was mutated 

thereby preventing the binding of transcription activator-like effectors (TALEs) secreted by the bacteria 

and disrupting flow of sugar to pathogen (Li et al., 2012). Recently, CRISPR/Cas9 was used for genetically 

modifying the elite mega varieties of rice (IR64 and Ciherang-Sub1) by introduction of five mutations in 

the promoter region of three SWEET genes which ultimately result into the development of broad spectrum 

Xoo resistance in rice cultivars (Oliva et al., 2019). Another bacterial disease, citrus canker caused by 
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Xanthomonas citri subsp. citri (Xcc) was targeted by knocking out the entire effector-binding elements 

(EBEPthA4) sequence from both CsLOB1 alleles in citrus to induce high degree resistance in citrus 

explants using CRISPR/Cas9 for the citrus canker (Peng et al. 2017) initially the CsLOB1 (Lateral organ 

boundaries 1) gene was disrupted (Jia et al., 2017). Genome editing approaches seem promising for 

combating devastating diseases in crop plants. 

Fungal Resistance 
It is a solution developed by the scientists at the Indian Agricultural Research Institute, Pusa, which can 

turn crop residue into manure in 15 to 20 days and therefore, can prevent stubble burning. It involves 

making a liquid formulation using Pusa decomposer capsules and readily available inputs, fermenting it 

over 8-10 days, and then spraying the mixture on fields. It is a mix of seven fungi that produce enzymes to 

digest cellulose, lignin and pectin in paddy straw. The decomposers are in the form of capsules made by 

extracting fungi strains that help the paddy straw to decompose at a much faster rate than usual. The 

fungi thrive at 30-32 degree Celsius, which is the temperature prevailing when paddy is harvested and 

wheat is sown. The fungi help to produce the essential enzymes for the degradation process. 

  
Fields being sprayed with the decomposer 

tablets solution. 

Decomposer is completely chemical free, 

non-poisonous’ 

Decomposer Mixture 
It involves making a liquid formulation using decomposer capsules and fermenting it over 8-10 days and 

then spraying the mixture on fields with crop stubble to ensure speedy bio decomposition of the stubble. 

The farmers can prepare 25 litres of liquid mixture with 4 capsules, jaggery and chickpea flour. The mixture 

is sufficient to cover 1 hectare of land or 2.5 acres of field. This capsule will help in curbing the practice of 

crop burning. This can be used in all forms and on any farm. 

Time to Decompose 
It takes around 20 days for the degradation process to be completed. Under usual circumstances, shredded 

and watered paddy straw, which is mixed with soil, takes at least 45 days to decompose. It does not give 

enough time for farmers to prepare fields for the wheat crop on time. 

Benefits of PUSA Decomposers 
1. Improves the fertility and productivity of the soil as the stubble works as manure and compost for the 

crops and lesser fertiliser consumption is required in the future. 

2. It is an efficient and effective, cheaper, doable and practical technique to stop stubble burning. 

3. It is an eco-friendly and environmentally useful technology. 
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Introduction 
India's horticultural crop production has increased dramatically in recent years. The total production in 

the horticulture sector (fruits and vegetables) was estimated at 286.19 million tonnes in 2015-2016, but 

only 2% of the fruits and vegetables were processed. As a result of a change in consumption patterns, there 

is a rise in demand for fruits and vegetables. To increase the processing sector's capacity, new technologies 

for post-harvest management, processing, packaging, and storage of horticultural commodities must be 

adopted. Food irradiation technology is becoming increasingly popular around the world. Irradiation is a 

more efficient and suitable technology for destroying food-borne pathogens than heat or chemical 

treatment. Irradiation is a novel method for exposing foods to ionising radiation in order to make food safer 

to consume by killing bacteria, which is close to the pasteurisation process. Cold Pasteurization is a term 

used to describe irradiation. Short wave length radiations, also known as ionising radiations, include 

gamma rays, accelerated electrons, and X-rays. Irradiation processing of food requires the regulated 

application of the energy of short wave length radiations of the electromagnetic spectrum, which includes 

short wave length radiations are also known as ionising radiations and include gamma rays, accelerated 

electrons, and X-rays. 

Brief History of Irradiation Processing 
In 1905, the first patents for using ionising radiation to destroy bacteria in foods were given in the United 

States and the United Kingdom. It became famous in 1947, and the United States Army performed a series 

of experiments on fruits, vegetables, dairy products, and meats in the early 1950s. Food processed by 

radiation up to a dose of 10 kGy is healthy for human consumption, according to the Joint Expert 

Committee of the Food and Agricultural Organization (FAO), the World Health Organization (WHO), and 

the International Atomic Energy Agency (IAEA), which concluded in 1980. Food irradiation is now 

permitted in more than 60 countries around the world, including India. 

In 1987, the Indian government established the National Monitoring Agency (NMA) to study the various 

aspects of food radiation processing. The plan was notified as a draught under the Prevention of Food 

Adulteration Act (PFA) Rules in 1992, and it approved the radiation processing of potato, onion, spices, and 

frozen seafood for export. In 1994, the PFA issued the notification of approval for both export and domestic 

use. Currently, ten gamma ray irradiators are in operation in the region, thanks to a memorandum of 

understanding with BRIT. Aside from these, radiation has been generated by three irradiators owned by 

the Department of Atomic Energy and one private facility. 

Purposes of Irradiation Processing 
Low dose applications (less than 1 kGy) include insect disinfestation of dried stored goods, phyto sanitation 

to resolve quarantine barriers in fruits and vegetables, inhibition of sprouting in tubers, bulbs, and 

rhizomes, and delay in ripening and senescence of fruits, according to study. High dose applications (> 10 

kGy) include sterilisation of processed food and hospital diets, while medium dose applications (1 - 10 kGy) 

include enhancement of shelf–life by destruction of spoilage bacteria, removal of pathogens and parasites. 

Since radiation processing is a cold procedure, it can be used on agricultural commodities without affecting 

their freshness, unlike heat. Radiation does not change the nutritional value, taste, texture, or appearance 

of food in any way. As with chemical fumigants, radiation processing does not cause any radioactivity in 
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the food and does not leave any hazardous or toxic radioactive traces on the food. It is a very powerful 

approach due to the extremely penetrating nature of radiation energy. Foods that have already been 

prepared can be processed to increase hygiene (purification) and shelf life (lifespan). Plants that handle 

ionising radiation are both environmentally friendly and healthy for staff. 

Application of Gamma Irradiation in Food Processing 
Irradiation has been shown in studies to have little effect on the key nutrients in food. Vitamins, like other 

processing methods, have varying levels of radiation sensitivity. Foods containing vitamins A, E, C, K, and 

B1 are more vulnerable to radiation than riboflavin, niacin, and vitamin D. The amount of change caused 

by irradiation is dependent on the dose of radiation, the type of food, the irradiation conditions, and the 

packaging. Recommended doses of gamma irradiation as given by Board of Radiation & Isotope Technology 

(BRIT), Department of Atomic Energy, GOI for different classes of foods are presented in table below: 

Table 1 Recommended doses of gamma irradiation for different classes of food products: 

Class Food Product Application Dose (kGy) 

    Tubers, Bulbs and Rhizomes Germination prohibition 0.02-0.2 

            Fresh fruits and vegetables Cooking delay 0.2-1.0 

Insect sterilization 0.2-1.0 

Shelf-life extension 1.0-2.5 

Quarantine application 0.1-1.0 

            Cereals and their milled products, 

pulses and their milled products, nuts, 

oil seeds, dried fruits and their 

products 

Insect sterilization 0.25-1.0 

Bacterial deficiency 1.5-5.0 

            Fish, aquaculture, seafood and their 

products (fresh or frozen) 

Eradication of pathogens 1.0-7.0 

Shelf-life extension 1.0-3.0 

Control of human parasites 0.3-2.0 

            Meat and meat products including 

poultry (fresh and frozen) and eggs 

Eradication of pathogens 1.0-7.0 

Shelf-life extension 1.0-3.0 

Control of human parasites 0.3-2.0 

            Dry vegetables, spices, dry herbs and 

their products, tea, coffee, cocoa and 

plant products 

Bacterial and virus purification 6.0-14.0 

Insect sterilization 0.3-1.0 

            Dried foods related to animals and 

their products 

Insect sterilization 0.3-1.0 

Fungal control 1.0-3.0 

Eradication of pathogens 2.0-7.0 

            Foods military rations, space foods, 

ready to eat, ready to cook/ minimally 

processed foods 

Quarantine application 0.25-1.0 

Bacterial deficiency 2.0-10.0 

Sterilization 5.0-25.0 

Low doses of gamma irradiation inhibited root crop sprouting, insect disinfestation, delayed fruit ripening, 

and post-harvest disease control (Kadar, 1986). Different bacteria and fungi were eliminated from food 

production using gamma irradiation without affecting the physicochemical properties (Mitchell et al.; 1992, 

Bari et al.; 2005). Aside from keeping a product at the optimum temperature, relative humidity (RH), and 

environmental conditions, as well as using chemical preservatives, gamma irradiation has been found to 

be an efficient means of improving shelf life (Shewfelt et al., 2014). Total phenolic, flavonoid and vitamin 

C content were found unaffected due to irradiation (Banerjee et al., 2016). 

Conclusion 
Irradiated foods are free of microbial contaminants and radioactive content, as well as having high 

nutritional value. The Food and Agriculture Organization of the United Nations (FAO) considers irradiated 

refined foods to be essentially healthy to eat. Consumer attitudes toward irradiated foods must shift. India 

has enormous potential in the processing of fruits and vegetables, and a novel technique such as irradiation 

can help to unlock that potential. 
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Tortoise Beetles: Aspidiomorpha miliaris, Cassida circumdata 
Symptoms of damage: 

a. Young grub scrape on the upper surface of the leaves. 

b. Older grub and adults bite large round holes in the leaves. 

Identification of pest: 

a. Grub: Oval, flattened yellowish with spiny processes covering the body. 

b. Pupa: Is less spiny than the larva, and is fixed to the leaf 

c. Adult: 

i. Aspidiomorpha miliaris: Broad oval shaped brownish red in colour with black dots. 

ii. Cassida circumdata: Broad oval shaped, greenish yellow in colour with green crescent 

mark in middle. 

iii. Chirida bipunctata: Small metallic green in colour with six black spots on elytra. 

Management: 

a. Use insect-free vines as planting material  

b. Use yellow sticky trap @12/ha 

c. Spray Carbryl @1.25 kg/ha at 21 days interval at the time of harvesting sweet potato 

d. Use of imidachloprid17.5 SL @ 2ml/ li. 

e. Acephate 2g /lit of water. 

f. Remove the alternate host like alternaria sp. 

 
 

Damage caused by adult Tortoise beetle Papery translucent patches 

  
Larvae Adult 

Fruit Flies: Bactrocera cucurbitae 
Symptoms of damage: 
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a. Maggots feed on the pulp of the fruits. 

b. Oozing of resinous fluid from fruits. 

c. Distorted and malformed fruits. 

d. Premature dropping of fruits and also unfit for consumption. 

   

Infected fruit Split on fruit Gumosis on fruit 

   

Brownish internal tissue Stunted fruit 

Identification of pest: 

a. Eggs: Laid singly in clusters on fruits 

b. Larva: Dirty white apodous maggot 

c. Pupa: Pupate in soil. 

i. Bactrocera ciliates: Ferruginous brown body. Smaller than Bactrocera cucurbitae 

ii. B. zonata: Body yellowish with pale yellow band on 3rd tergite. 

iii. Bactrocera cucurbitae: Hyaline wings with brown and grey spots at the apex. 

Management: 

a. Collect infested and fallen fruits and bum in deep pits. 

b. In endemic areas, change the sowing date as the fly population is low in hot dry conditions and 

at its peak during rainy season 

c. Expose the pupae by ploughing and turning over soil after harvest 

d. Use ribbed gourd as trap crop and apply carbaryl 0.15% or malathion 0.1% on congregating adult 

flies on the undersurface of leaves. 

e. Use attractants like citronella oil, eucalyptus oil, vinegar (acetic acid), and lactic acid to trap flies. 

f. Use poison baiting in severe infestation 

g. Mix methyl eugenol + malathion 50 EC at 1:1 ratio and keep 10 ml of the bait in polythene bags 

@ 25/ha. 

h. Use fly trap 

i. Keep 5 g of wet fishmeal in polythene bags (20 x 15cm) with six holes (3 mm dia) 

j. Add 0.1 ml of dichlorvos. 

k. Dichlorvos should be added every week and fishmeal renewed once in 20 days @ 5traps/ha. 
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Concepts of Xeriscaping 
Xeriscape landscaping or simply “xeriscaping”, by definition is landscaping designed specifically for area 

that are susceptible to drought, or for properties where water conservation is practiced. Derived from the 

Greek xeros meaning “dry,” the term means literally “dry landscape.” 

Xeriscaping is special type of Garden or Landscape. This is a technique used to practice water conservation 

in creative landscapes. Xeriscaping is the process of landscaping or gardening that reduces or eliminates 

the need for supplemental water from irrigation. 

 
Fig: 1 xeriscaping garden 

Purpose 
1. Main purpose water conservation with beautification.   

2. Xeriscape utilizes native plants or plants that are native to a similar environment and requires minimal 

inputs (i.e., fertilizer, pesticides, maintenance, etc.). 

3. It could save 25% to 50% in outdoor water use. 

Planning Procedures and Maintaining 
The principles of xeriscaping have since expanded into simple and applicable concepts to which creating 

landscapes that uses less water. The principles are appropriate for multiple regions and can serve as a 

guide for creating water conserving landscape. 

Plan and Design 
1. Create a diagram, drawn to scale that shows the major elements of the landscape, including house, 

driveway, sidewalk, deck or patio, existing trees and other elements. 

2. Once a base plan of an existing site has been determined, the creation of a conceptual plan (bubble 

diagram) that shows the areas for turf, perennial beds, views, screens, slopes, etc. is undertaken. Once 

finished, the development of a planting plan that reinforces the areas in the appropriate scale is done. 

Soil Amendment 
1. Most plants will benefit from the use of compost, which will help the soil to retain water. 

2. Some desert plants prefer gravel soils instead of well-amended soils. 

3. Plants should either fit the soil or soil should be amended to fit the plants. 



 

 
Volume 3 - Issue 6 - June 2021       31 | P a g e  
 

Efficient Irrigation 
1. Xeriscape can be irrigated efficiently by hand or with an automatic sprinkler system.  

2. Zone turf areas separately from other plants and use the irrigation method that    waters the plants in 

each area most efficiently.  

3. For grass, use gear-driven rotors or rotary spray nozzles that have larger droplets and low angles to 

avoid wind drift.  

4. Spray, drip line or bubbler emitters are most efficient for watering trees, shrubs, flowers and 

groundcovers. 

5. If watering by hand, avoid oscillating sprinklers and other sprinklers that throw water high in the air 

or release a fine mist. The most efficient sprinklers release big drops close to the ground. 

6. Water deeply and infrequently to develop deep roots. Never water during the day to reduce water lost to 

evaporation. With the use of automatic sprinkling systems, adjust the controller monthly to accommodate 

weather conditions. Also, install a rain sensor to shut off the device when it rains. 

Appropriate Plant and Zone Selection 
1. Different areas in a yard receive different amounts of light, wind and moisture. 

2. To minimize water waste, group together plants with similar light and water requirements, and place 

them in an area that matches these requirements.  

3. Put moderate-water-use plants in low-lying drainage areas, near downspouts, or in the shade of other 

plants.  

4. Turf typically requires the most water and shrub/perennial beds will require approximately half the 

amount of water.  

5. Dry, sunny areas support low-water-use plants that grow well in our climate. 

6. Planting a variety of plants with different heights, colour and textures creates interest and beauty. 

Mulch 
1. Material (such as decaying leaves, bark, or compost) spread around or over a plant to enrich or insulate 

the soil.  

2. Mulch keeps plant roots cool, prevents soil from crusting, minimizes evaporation and reduces weed 

growth.  

3. Organic mulches, such as bark chips, pole peelings or wood grindings, should be applied 2 to 4 inches 

deep. Fiber mulches create a web that is more resistant to wind and rain washout.  

4. Inorganic mulches, such as rocks and gravel, should be applied 2 to 3 inches deep.  

5. Surrounding plants with rock makes the area hotter; limit this practice. 

6. The most common type of mulch is in the form of wood chips: 

a. Hardwood bark. 

b. Pine bark. 

 
Fig: 5 Pine bark mulch 

Mulch Helps In 
1. Aesthetic appearance. 

2. Water holding capacity. 
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3. Organic matter content. 

4. Weed control quality. 

Limited Turf Areas 
1. Native grasses (warm-season) that have been cultivated for turf lawns, such as buffalo grass and blue 

grass, can survive with a quarter of the water that bluegrass varieties need.  

2. Warm-season grasses are greenest in June through September and straw brown the rest of the year. 

3. Native grasses (cool season) such as bluegrass and tall fescue, are greenest in the spring and fall and go 

dormant in the high heat of the summer.  

4. New cultivars of bluegrass, such as Reveille, and tall fescue, can reduce typical bluegrass water 

requirements by at least 30 percent. Fine fescues can provide substantial water savings and is best used 

in areas that receive low traffic or are in shady locations. 

5. Use the appropriate grass and limit the amount of grass to reduce the watering and maintenance 

requirements. 

Maintenance 
1. Turf requires spring and fall aeration along with regular fertilization every 6 to 8 weeks. 

2. Keep the grass height at 3 inches and allow the clippings to fall.  

3. Trees, shrubs and perennials will need occasional pruning to remove dead stems, promote blooming or 

control height and spread.  

4. Much of the removed plant material can be shredded and used in composting piles. 

Conclusion 
A well planning principles and its goal is to conserve water. Some of the benefits of xeriscaping include 

reduced expenditures on water, less time spent on landscape maintenance, and increased use and 

appreciation of native plant material. 
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Introduction 
DNA barcoding is a taxonomic method that uses a short genetic marker in an insect DNA to identify a 

species, including an unknown species. It is a technique in which species identification is performed by 

using DNA sequences from a small fragment of the genome (mitochondria and chloroplast) (Hebert et 

al.2003). 

The particular genomic region used as a barcode is an important choice. It must be homologous between 

the organisms compared and have a rate of evolution fast enough to show variation between closely related 

species, and it also must have sufficient regions of sequence conservation to allow a limited set of PCR 

primers to amplify the target gene region from broad sections of the tree of life. The resultant sequence 

information also must generate a robust alignment so that sequences can be compared. In the animal 

kingdom, attention has been focused on a∼650 base-pair region near the 51 end of the mitochondrial 

cytochrome-c oxidase subunit I (CO1) gene (Hebert et al. 2003a). 

The homogenization of mitochondrial DNA sequences within a species, regardless of population size, is an 

intriguing phenomenon that has prompted study and speculation as to its evolutionary origin and 

significance. The resulting ‘barcoding gap’ appears to represent a ‘genetic signature’ for species. Boundaries 

signaled by this molecular marker are strongly concordant with species units recognized through past 

studies of morphological and behavioral characters in a number of specific cases where they have been 

examined (Hebert et al.2003a,2003b). 

DNA Barcode 
Nitrogen Bases in DNA barcode are Adenine (green), Thymine (red), Guanine (black), Cytosine (blue). 

Generally, a barcode is a machine-readable digital tag, usually a series of black stripes of the Universal 

Product Code (UPC).  

The genomes of living organisms are analogous to barcodes. The DNA barcode is a very short, standardized 

DNA sequence in a well-known gene, not a newly discovered gene. 

Two Main Uses of DNA Barcoding 
1. Identify specimens –a global identification system. 

2. Discover new species– aid and speed up the discovery of remaining biodiversity. 

Barcoding Region 
In prokaryotes – r RNA gene is used for identification. 

In animals, birds & mammals – small region of mitochondrial CO1 region is used. 

In plants-  rbcl genes and Matk genes in chloroplast. 

Properties that make Mitochondrial Genomes Especially Suitable for Identifying 

Species 
Copy number- each cell contains only 2 copies of nuclear DNA sequences; the same cell encompasses 100-

10,000 mitochondrial genomes.  

Greater differences among species- sequence differences among  closely related animal species average 5 

to 10-fold higher in  mitochondrial than nuclear genes. 
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Few differences within species-Intra-specific variation in mitochondrial DNA is low in most animal species.  

Absence of introns -In animals, mitochondrial genes rarely contain introns. 

DNA Barcode to Accelerate Species Discovery 
Species discoveries defined as the taxonomic process of recognizing a cluster of individuals and/or 

populations as a single species.  

Firstly, DNA barcoding can be used to identify cryptic, previously overlooked species. Second, DNA barcode 

information helps sort all specimens of related taxa, especially when taxonomic studies of these taxa are 

inadequate.  

However, it should be noted that DNA barcoding cannot detect all candidates of undescribed species, 

especially for recently divergent groups. 

Applications of DNA Barcoding in Entomology 
1. Identification of all life stages, eggs, larvae, nymphs, pupa, adults. 

2. Identification of stomach contents, trace ecological food-chains. 

3. Identification of cryptic look-alike species. 

4. Food & Customs control. 

5. Invasive species control. 

6. Identification of fragments or products of organisms. 

7. Disease vector control (what you don’t know can hurt you). 

Trophic interactions among plants, pests and pathogens pose economic and ecological threats to 

agricultural and wild land ecosystems. Insect pests affecting succulent crops belonging to Solanaceae and 

Malvaceae are usually polyphagous. Their population outbreaks have an enormous potential to damage 

agricultural economy. Recognising the early signs of pests and diseases in order to deal with the problem 

is of crucial importance.  

Therefore, the accurate taxonomic identification is the pivotal issue in biological research, in order to allow 

the implementation of adequate measures to contend with species of medical or agricultural importance. 

On the other hand, misidentifications could lead to ineffective control measures that potentially increase 

the impact caused by a particular pest species. Studies in biodiversity, systematics, community ecology and 

bio-monitoring also depend on proper taxonomic identification. The standard method of utilization of 

morphological characters becomes challenging due to various factors such as phenotypical variations. 

Detection of pests belonging to different groups is required for the protection of horticultural crops because 

they are prone to damage by a varied class of insects, including Hemiptera, Coleoptera and Lepidoptera. 

In the last three decades, mitochondrial DNA has been extensively analysed and proven to be an important 

tool in species delimitation as it possesses biological properties making it suitable as a marker for molecular 

biodiversity. A major feature of DNA barcoding is that it allows prompt identification of pest young instars, 

as well as of fragmentary cuticular bodyparts. Partial DNA sequences of the mitochondrial gene such as 

Cytochrome c oxidase I (COI) and other molecular markers have been used to identify and discover new 

species (DNA barcoding). Several studies have shown that a 648 bp fragment of COI can be used as a DNA 

barcode to identify and distinguish between animal species.  

Fragment size of COI has been shown to provide high resolution to identify cryptic species, thereby 

increasing taxonomy-based biodiversity estimates and its usefulness has been confirmed for Coleoptera, 

Diptera, Ephemeroptera, Hemiptera, Hymenoptera and Lepidoptera. Nonetheless, DNA barcoding has 

proved to be a versatile tool with a variety of applications, for example, by facilitating the association 

between different developmental stages in insects and the approach has also proved to be an effective 

auxiliary tool for forensic sciences, studies on feeding ecology and habitat conservation initiatives. Most 

importantly, DNA barcoding has proved to be especially useful in the study of taxonomically challenging 

taxa, where morphology-based identifications are frustrated due to cryptic diversity or phenotypic 

plasticity. Molecular phylogenies based on a large number of DNA markers have also revealed that species 

identification based on classical taxonomy alone may be misleading, with some species erroneously defined 

on the basis of associations with host plants. 
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Major Steps Involved in DNA Barcoding Protocol 
Specimen Collection/Preservation: Natural history museums, herbaria, zoos, aquaria, frozen tissue 

collections, seed banks, type culture collections. 

Laboratory Analysis: 

a. DNA isolation. 

b. PCR amplification of barcode region. 

c. PCR Product Check/Quantification. 

d. Sequencing. 

Database: 

a. Public reference library, used to assign unknown specimens to known species. 

b. Two main barcode databases. 

c. The International Nucleotide Sequence Database Collaborative. 

d. Barcode of Life Database (BOLD). 

Data Analysis: Barcode of Life Data Portal offers flexible ways to store, manage, analyse and display 

barcode data. 

 

Advantages 
1. Important advantages of asequence-based approach to identification include the digital nature of a DNA 

sequence, which allows it to be gathered and interpreted objectively. 

2. Barcoding can identify a species from bits and pieces of sample of dead material will generate a similar 

identification, whereas traditional identification keys (at least for insects that undergo complete 

metamorphosis from larval to adult forms) are often dependent on adult features. 

3. Barcoding can identify a species in its many forms, from eggs, larvae and adults. 

4. Barcoding can distinguish among species that look alike (cryptic species). 

5. A library of digital barcodes will provide an unambiguous reference that will facilitate identifying species 

invading and retreating across the globe and through centuries.  
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6. Makes expertise go further by speed identification of known organisms and facilitate rapid recognition 

of new species. 

7. Enables non-taxonomists also to identify specimens. 

8. Identifying Disease Vectors: Combating Diseases. 

9. Biodiversity assessment. 

Limitations 
1. There is no universal DNA barcode gene. 

2. It is a Single gene approach. 

3. Difficult to resolve recently diverged species. 

4. Barcoding may mis-identify hybrids, that is, individuals whose male and female parent are from different 

species.  

5. Pseudo-genes, which are inactive copies of genes usually containing multiple mutations and/or deletions, 

can complicate identification by either mitochondrial or nuclear genes.  

6. DNA barcoding refers to the identification of a species by  

7. Calculating the genetic distances between the COI sequence of an unknown specimen (= a query) and a 

collection of well-identified reference COI sequences in a library (= DNA barcodes) and Assigning to the 

query the species name of the reference sequence with the smallest genetic distance.  

8. Critical for DNA bar coding identification is either the availability of such libraries of well identified 

referenced DNA barcodes and the degree of taxonomic coverage of these libraries.  

9. The approximate number of described insect species in India is 59,000; however, the number of barcodes 

generated from India is 4.6 % of known species, while the corresponding global scenario is about 16 % of 

described species & hence a lot of emphasis is required to catch up with the world scenar. 
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Introduction 
Emitted gases and odour of all the fruits and vegetables are dissimilar. All the fruits mostly emit ethylene 

gas in the ripening process but the quantity of emission of the ethylene gas is not the same for all the times. 

The air quality and volatile organic compounds (VOC) also change in the presence of fruits or vegetables 

during ripening process. An electronic nose (E-Nose) that classifies and distinguish the odour can be done 

on the basis of this principle. Various advanced techniques are included in these systems for demonstration 

and representation which are efficiently used for smart and intelligent work. An E-nose system includes 

PCA analysis, ANN designing and radar plots for the identification, classification and monitoring. 

Therefore, it is easy and very fast to determine the freshness of fruits and the quality in particular.  

E-Nose is an instrument that consisting of an array of gas sensors array with fractional specificity and an 

appropriate pattern recognition arrangement that is able to aware of the single and or multifaceted odours. 

In general, it is collected of a various device like gas sensors array, data acquisition system and a pattern 

recognition algorithm with proper arrangements for the application in hand and its implementation. The 

role of the sampling system is to collect and convey the volatile signal from the sample to the sensors and 

then to restore previous conditions by means of a cleaning procedure. Gas sensor array converts non-

electrical (gases) data into the electrical form. The conversion of odours using sensors is the first 

fundamental step of the data acquisition process, since its execution influences all the successive steps. 

India is the largest producer of sapota or sapodilla followed by Mexico, Guatemala and Venezuela. Area 

under sapota in India is estimated to be 1.40 lakh hectares, with an annual production of 11.17 lakh tonnes. 

Sapodilla fruit is a good source of sugar which ranges between 12 % and 14%. A 100 g of edible portion of 

fruit contains moisture (73.7 g), carbohydrates (21.49 g), protein (0.7 g), fat (1.1 g), calcium (28 mg), 

phosphorus (27 mg), Iron (2 mg) and ascorbic acid (6 mg) as reported by Bose and Mitra (1990). 

The proposed electronic nose was used to determine the freshness of sapodilla. Here we have to select two 

sapodillas for freshness detection: fresh (i.e., riped) sapodilla and spoiled (over riped). The data sets of these 

two sapodillas were collected by the hardware which is presented before (chapter 3rd and 4th). Gathered 

data all the way was used for data examination and the demonstration. Block diagram of the system is 

shown in figure 1. 

 
Fig. 1. Block diagram of the system using Sapodilla sample 

Methodology 
In the study of sapodilla quality determination process using E-Nose, we have selected a cluster for fresh 

sapodilla which consists of 60 observations out of the complete data record for each sensors response and a 

cluster of 60 observations for over-riped (or spoiled) sapodilla. The radar plot of the collected samples of 

sapodilla and region of radar with percentage form total area are shown in the table 1.1. Radar plots show 

increased area for the spoiled sapodilla compared to the riped or fresh. The area of the radar plot is 1.18 
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cm2 with a 7.37 % area of gas response with respect to total area in % for the riped sapodilla sample. For 

over riped sample these figures are 1.82 cm2 and 11.37%, respectively. 

Table 1.1. Radar plots and area of the radar for sapodillas: 

Sr. No. Ripening 

stage 

Radar plot Area of the 

radar plot in 

cm2 

Area of radar plot 

with respect to 

total area in % 

1. Fresh 

sapodilla 

 

1.18 7.37 

2. Over-riped 

sapodilla 

 

1.82 11.37 

Radar Plots 
A chart or plot to represent graphical structure of the variable values or the sensors data is called radar 

plot or radar chart or radar pattern. The radar chart is also known as cobweb chart or polar chart or star 

plot or irregular polygon, or kiviat diagram [4, 5] or web chart or star chart or spider chart. The multivariate 

values or data are displayed in 2D chart of 3 or may be more types of variables having same starting point 

of axes for all the sensors or quantitative variables. The positions of all the quantitative variables are 

presented with the same angle and on the same axes. These types of plots are very useful in the comparing 

process of numerous quantitative variables or values. The advantages of this plot are that: we can easily 

observe that which variables achieve high or low or similarity from a given data and provide perfection for 

displaying performance. A chart or plot region encloses a series of the 1D values which are expanding in 

2D, then a plot region takes the form of polygon having n-sides with a circular X-axis on behalf of categories 

and a radial Y-axis representing the data or values. Radar area, radar line, radar stripe and radar point 

are the typically used types of radar chart out of its 35 types. 

Principal Component Analysis (PCA) 
PCA is a data reduction analysis tool or process, which can easily compare and distinguish input responses 

of the sensors. Thousands of signals are acquired by the system and number of data is present. PCA can be 

compressed and classify the given input data and represents neatly, hence we can easily classify the data. 

The various ripening stages of the fruits and quality of the fruits and vegetables have therefore been 

represented smartly using 2D and 3D plots. PCA analysis of sapodilla is shown in figure 2. The two 

principal components PC#1 and PC#2 are acquired by the PCA tool of the MATLAB. Component 1 gives 

85.6% variance while component 2 gives 8.70%. In the figure 2, the first circle shows the cluster, which 

represents the fresh sapodilla data set and the second circle represents the cluster for spoiled sapodilla 

data set. From the PCA analysis, the spoiled data is splitted and spread out into maximum area of the 

second circle or boundaries because of the amount of odour in the spoiled state is close to the riped sapodilla. 

Second circle is very close to the first circle i.e., the PC analysis is successful but diminutive complicated. 
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Fig. 2. PCA analysis of the fresh and spoiled sapodilla 

Conclusions 
The developed electronic nose system has successfully demonstrated and classifies the fresh and spoiled 

sapodilla. In this process the Radar plots and PCA presentation is clearly shows the classification of various 

states of (fresh and spoiled) sapodilla. Hence the system is capable of classifying and identifying the given 

samples. 
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Cucumber is a plant that belongs to the Cucurbitaceae family of gourds and has been cultivated since the 

9th century. It originated in India and is now widely grown, with China, Iran, Turkey, Russia, and the 

United States among the top producers. Cucumber production in the world totals nearly 58 million tonnes, 

with China accounting for nearly 40 million tonnes. 

Cucumber is a creeping vine that produces fruits that are high in water (95%) and nutrients. Most cucurbit 

species have bitter compounds called cucurbitacins in their foliage (Rehm et al. 1957). It can be present in 

the leaves, stems, and roots of plants. Cucurbitacins are believed to be toxins produced by these plants as 

a defense against insects and herbivores (Balkema-Boomstra et al. 2003). Cucurbitacins are made up of 

nine genes that are regulated by two master regulators, BI (bitter leaf) and Bt (bitter fruit), which are 

found in the leaves and fruits, respectively. 

 

Cucurbitacin accumulation in cucumber fruits may be caused by environmental stress during development, 

such as prolonged periods of heat, severe temperature fluctuations, drought, and uneven watering in 

commercial cucumber production. Stress allows nutrients to be transferred from the plant's vegetative 

parts to the fruit, rendering the fruit bitter. Usually, it is not the whole fruit that turns bitter. More 

commonly, the bitterness will be concentrated at the stem end and the area right under the skin.  

Here is the short guide which can help farmers to prevent cucumber bitterness:  

Site: It is preferable to have a sunny and fertile field with well-drained soil. Cucumber thrives in high-

temperature, high-humidity, and high-light environments, as well as a constant supply of water and 

nutrients. Raised beds or mounds are an excellent option for providing certain conditions since the soil 

warms up early in the season and stays warm. 
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Planting and spacing: Cucumbers need a lot of space to grow, so hills should be at least 90 cm apart and 

plants should be 20 to 30 cm apart within a row. When the danger of frost has passed and the soil 

temperature has reached 16°C, it is the best time to plant. 

Trellising: To save space and increase yield and fruit quality, cucumber vines can be trained on trellises. 

Commercial processing of cucumbers by this process is uneconomical in most cases due to the high cost of 

trellising, but greenhouse cucumbers must be trellised because the long fruits bend if they rest on the field. 

Trellising also improves harvest production, pest control efficiency, and fruit loss caused by soil diseases. 

Constant supply of water: Fruit bitterness is caused by water stress, which necessitates constant 

watering, particularly during the early stages of development. Moisture, but not wetness, is needed in the 

soil. In addition, using mulch or a plastic cover can minimise weeds in the field by preventing soil moisture 

evaporation. 

Temperature stability: Cucumber bitterness can be caused by significant temperature fluctuations as 

well as a high temperature over a prolonged period of time. A night temperature of 19-20°C and a day 

temperature of 20-22°C are ideal for maximum fruit production. 

Cucumber varieties: Choose cucumber varieties that are not bitter flavored. The level of curcurbitacins 

in cucumbers varies by variety but also from plant to plant and even fruit to fruit on the same plant. (An 

enzyme called elaterase also present in cucumbers can reduce the amount of cucurbitacins but the amount 

of elaterase can vary from season to season and plant to plant as well.) 

Mulching: Once the soil has reached 70°F (21°C), reduce soil moisture evaporation by mulching plants 

with an organic mulch or black plastic. Mulch will also reduce weeds which compete for soil moisture and 

nutrients. 
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In light of the world's rising population and diminishing agricultural land, necessitates the requirement of 

ground-breaking attitude of mankind to produce, handle and process the food. Worldwide there are millions 

of undernourished people. According to FAO and WHO 24 per cent undernourished people were in India 

during the year 2016-18. A study shows that it may leads to 33 per cent by the year 2030 if rigorous actions 

are not taken. So, to overcome all these critical situations we have to ensue in multi-direction. In this article 

we will able to understand the area where, the nations are working upon or may carry on, to changing the 

scenario by 2030. Following are some key points.  

Food Fortification 
Food fortification means to enhance the levels of nutrients beyond the natural concentration present in the 

food or which are totally absent in the food. Food Safety and Standard Authority of India (FSSAI) defines 

the food fortification as “means deliberately increasing the content of essential micronutrients in a food so 

as to improve the nutritional quality of food and to provide public health benefit with minimal risk to 

health”. Government encourages the manufactures to produce fortified foods. Some examples are 

mentioned in Table 1. In India fortified foods must have fortification symbol on their packets. 

 

Table 1: Fortified foods and level of nutrients: 

S.No. Nutrient Food  Level of nutrient Source of nutrient 

1 Iodine  

Salt 

 

20-30 parts per million (on dry 

weight basis) at manufacturer 

level 

Potassium iodate 

2 Iron  850-1100 parts per million Ferrous sulphate or 

Ferrous 

Fumarate 

3 Vitamin A  

Oil 

6 μg RE - 9.9 μg RE per gm of oil Retinyl acetate or Retinyl 

palmitate 

4 Vitamin D 0.11 μg– 0.16 μg per gm of oil. Cholecalciferol or 

Ergocalciferol 

(Only from Plant Source) 

 

5 Vitamin A  

Milk 

270 μg RE - 450 μg RE Retinyl acetate or Retinyl 

palmitate 

6 Vitamin D 5 μg -7.5 μg Cholecalciferol or 

Ergocalciferol 

(Only from Plant Source) 

Source: Food Safety and Standard Authority of India. 

Meaning of symbol 
Square :  Completeness  

Plus  :  Addition of micronutrients in daily meals  

Ring  :  Ring of protection of good health 

Blue colour :  Purity 
 



 

 
Volume 3 - Issue 6 - June 2021       43 | P a g e  
 

Bio-fortification is also going on, to harvest the nutrient rich crop and is done by breeding practices. Atta 

and maida may also be fortified with micronutrients, singly or in combination with iron, zinc, folic acid, 

vitamin A, thiamine, riboflavin, niacin and pyridoxine. 

Neo-Carbon Foods 
The requirement of neo-carbon foods will prove to be a better way to produce food will less inputs. Due to 

the increasing population, a shortage of additional arable land and freshwater resources, overfishing and 

climate change, sustaining food security is becoming more difficult. As a result, a net-zero carbon society 

necessitates net CO2-free food output that is less reliant on arable land, environmental conditions, and 

other factors. 

Microbial carbon assimilation is an evolving technique that has the potential to significantly contribute to 

the decoupling of food production from traditional agricultural production routes. For years, various 

microbes such as bacteria, yeast, algae, and fungi have been known to produce a microbial protein (MP), 

also known as single-cell protein. 

It is an attractive technology as the generation of food can be performed under fully controlled and 

automated system, require limited amount of fresh water, not dependent on organic substrates and does 

not require toxic pesticides as required during farming. In this microbial protein is generated through  

integrated system of hydrogen production by water electrolysis, direct air capture of carbon dioxide, and 

its subsequent assimilation by autotrophic hydrogen-oxidizing bacteria. 

There are some advantages of this technology: 

a. No need of huge land for food production. 

b. Water saving technology. 

c. Independent of weather and geographical condition. 

d. Fully automatic. 

e. Cut down the requirement of effluent treatment. 

Future Focus 
1. There is a need for development of microbial culture capable to increase the rate of CO2 conversion into 

bacterial biomass  

2. Further optimization of electrolyser stack design is required to  increase the energy efficiency of in situ 

water electrolysis  

3. Application of biocompatible earth-abundant electrode coatings and high-surface materials to improve 

the electro catalytic efficiency of water splitting and avoid leaching of compounds toxic for bacterial growth 

4. To evaluate the industrial viability an extensive economic analysis is important 

5. Optimization of CO2 concentration level for maximum growth of the microbial biomass 

6. Quality analysis of extracted protein. 

Functional Foods 
Looking ahead to today's lifestyle and growing market perception, the demand for healthier food items has 

increased as well. The concept of functional food has been raised. Foods that have positive impact on an 

individual’s health, physical performance, or state of mind, in addition to its nutritious value, beyond the 

basic functions are termed as functional foods. 

Some important points regarding functional foods are that, it is a food (not a capsule, tablet, or powder) 

derived from natural ingredients; it can and should be consumed as part of the daily diet; it has a particular 

function when eaten, serving to regulate a particular body process, such as:  

1. Enhancement of biological defence mechanisms. 

2. Prevention of specific diseases.  

3. Recovery from specific diseases. 

4. Control of physical and mental disorders.  

5. Slowing of the aging process. 

Any food containing bioactive components comes in category of functional foods. Several grains and 

horticultural crops (flaxseeds, grapes, blueberries, oats, mustard, soybean, kidney beans, apricots, coffee, 
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tea) are rich source of phytochemicals such as isoflavones, polyphenols, flavanoids, anthocyanins, catechins 

display anticarcinogenic, antioxidant, antibacterial, and antiviral action. 

Functional foods may be classified according to the potential medical benefits and properties of their 

ingredients: 

1. Dietary fiber. 

2. Oligosaccharides. 

3. Sugar alcohols. 

4. Amino acids, peptides, and proteins. 

5. Glycosides. 

6. Vitamins. 

7. Cholines. 

8. Lactic acid bacteria. 

9. Minerals. 

10. Polyunsatured fatty acids. 

11. Others (e.g., phytochemicals and antioxidants). 

Protein Juggernaut 
The recommended dietary allowance of protein for an average Indian adult is 0.8 to 1 g per kg body weight, 

however, the average intake is about 0.6 g per kg body weight. A study shows that around 73 per cent of 

Indians are deficient in protein while above 90 percent are unaware of the daily requirement of protein. 

The amino acids, methionine, lysine, tryptophan and threonine, most commonly limit the nutritive values 

of proteins in the human diet. 

Plant based milks, lab grown meat, insect flour could be a better source of proteins in coming years. These 

types of protein are of high-quality protein. Regarding environmental issues, the potential advantages of 

cultured meat for greenhouse gas emissions are a matter of controversy, although less land will be used 

compared to livestock, ruminants in particular. Another positive aspect related to the safety of cultured 

meat is that it is not produced from animals raised in a confined space, so that the risk of an outbreak is 

eliminated and there is no need for costly vaccinations against diseases like influenza. Insects are also 

extremely rich in protein, fat, and vitamins. 

On average, the protein content of edible insects ranges 35 %–60 % dry weight or 10 %–25 % fresh weight, 

which are higher than plant protein sources, including cereal, soybeans, and lentils. At the upper range, 

insects provide more protein than even meat and chicken eggs. Further research is needed to be done to 

prove all these potential protein sources safe for human consumption. 

Buy Green to Save Green 
Plastics are non- biodegradable, toxic and carcinogenic. When food is kept in plastic containers, some parts 

of these harmful compounds can leech into the food posing threat to human health. It is shocking that in 

India around 120 billion plastic cutleries are being disposed annually. 

To resolve this problem, in 2011 Bakeys was founded by Narayana Peesapathy to manufacture edible 

cutlery for replacing plastic cutlery. These edible cutleries like spoons, forks, and even chopsticks are made 

out of dried millets (jowar or sorgum), rice and wheat. Interesting thing about this edible cutlery is that it 

does not get soggy if placed in water and food. 

They soften after some time (10-15 minutes), and can be easily eaten at the end of the meals. Also being 

biodegradable, they can decompose within 5 to 6 days if discarded. The idea stuck Peesapathy’s mind when 

he saw a passenger using a piece of Gujarati khakra as a spoon to eat desert in a flight journey.  While 

working in the International Crop Research Institute for Semi-Arid Topics (ICRISAT), Hyderabad, he 

concluded that growing dryland crops like jowar helps to stabilize the levels of groundwater, and this was 

why he chose to use jowar for the edible cutlery production. 

Despite getting clients from USA and UK the company has faced challenges in creating awareness 

regarding application of edible cutleries in India. People are accustomed to using plastic products and it is 

difficult to switch over to edible cutlery so easily. Bakey’s edible cutleries are fully vegan, preservative free, 

trans fat free, and dairy free. 
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Production of edible cutlery is energy saving as of the energy it takes to produce 1 plastic utensil, Bakey’s 

produces 100 sorghum-based spoons, and in comparison, with Corn, it produces 50 spoons. Semi-automatic 

process that minimizes waste, maximizes efficiency and consequently reduces energy costs. In addition, the 

low water usage for each spoon (less than 2 % of the weight per spoon), allows the spoons to have a very 

long shelf life of 2 years while maintaining their crispiness. 

Currently, Bakey’s is now selling 1.5 million spoons in India every year. The flavours used by them include: 

sugar, ginger-cinamon, ginger-garlic, cumin, celery, black-pepper, mint-ginger, and carrot-beetroot. It is 

required for people to realize harmful effects of plastic cutleries and use edible cutleries instead. 

3D Food Printing 
It is a technique of manufacturing three-dimensional objects with accurate and quality dimension finish. 

This technique is used in various industries such as packaging, aviation, construction, automotive, 

pharmaceuticals, and food. Peculiarly in food sector, 3D printing is utilized in making customized food 

designs, simplified supply chain and personalized and digitalized nutrition. 

Components of a 3D food printer are a food-grade syringe or cartridge that holds material, a real food item, 

and deposits exact fractional layers through a food-grade nozzle directly onto a plate or other surface in a 

layer-by-layer additive manner. 

Mold based 3D printing food machines are used to give shapes to a dough with the help of a hollow container 

or molding box. 3D printing allows food customization according to the choice, saves both time and energy 

when it comes to experimenting with different types of food dishes achieving perfection within limited time. 

3D printing enforces innovation and creativity. Food reproducibility is possible using the same set of 

ingredients to produce a similar dish again. 

Artificial Intelligence 
Utilization of artificial intelligence in food processing is also one of the emerging areas. Advancement in 

robotics is used greatly in food processing sector now a days. Following are some of the applications of 

artificial intelligence in food processing: 

1. Improved sorting: Sorting is a unit operation which is usually done manually until now in 21st century 

where artificial intelligence finds it application and sorting is somehow automated. Problem with sorting 

is that feedstock is not uniform which makes this operation time consuming and labour intensive. 

Automation of sorting reduced labour cost and reduces time consumption. The system uses x-rays, Near 

Infra-Red (NIR) spectroscopy, cameras, and lasers to quickly analyze every aspect of the vegetable as it 

moves along.  

2. Improved Food Safety Compliance: Artificial technology can check in food safety aspects preferably 

in restaurants where hygiene is a great issue. Cameras at such places can watch out and make sure that 

individuals are following all the hygiene and safety protocols. 

3. Improved Cleaning: Cleaning with sensors has enhanced cleaning efficiency. In conventional 

equipment with no sensors, it was difficult to check out inside of the equipment and to estimate when every 

small part of drink processing and storage equipment has been cleaned. Now a days self-optimizing clean-

in place systems are being used. They use ultrasonic sensing and optical fluorescence imaging technologies 

to feed information into an artificial intelligence program to monitor the amount of food and microbial 

debris in the equipment. The AI will self-optimize the process to only run the cleaning system only as long 

as necessary. 

4. Deciding What New Products to Make: Companies such as Coca-Cola has installed self-service soft 

drink fountains which allow individuals to customize their own drinks. These fountains are connected with 

an AI analyzer which creates and analyzes consumer preference data and tells companies which products 

to manufacture. 

Human resources take long time to record data and analyze. With artificial intelligence it is possible to 

estimate current trend in market both in consumer perspective and producer perspective within short span 

of time. It is reasonable to expect that AI will very quickly be used more and more by food processing plants 

to improve feedstock sorting, find efficiencies, and increase safety. 
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Abstract 
Sustainable agriculture is a long goal that seeks to overcome the problems and constraints that confront 

the economic viability, environmental soundness and social acceptance of agriculture production systems. 

No systems of farming will be sustainable unless the soil which forms pivot and is the most important 

natural resource is managed scientifically to meet the present and future needs, its productivity and quality 

are maintained continuously and there is no reduction of output, with input. Soil quality is yardstick of 

good soil management for sustainable farming. Continuous sugarcane cropping with imbalance use of 

fertilizers and the use of only inorganic fertilizers had led to depletion of organic carbon, available 

phosphorus, potassium, and micronutrients in the soil and posing threat to the long-term productivity. In 

this context, introduction of legume assumes special significance because they contribute in nitrogen 

fixation and its biomass act as a source of novel green manure. Legume crop act as cover crop, green manure 

crop and provide unique environment for rhizosphere soil which favour greater microbial activity and fix 

substantial quantity of  nitrogen in soil. It may improve soil quality indices for sustaining sugarcane 

production system in the long run. 

Introduction 
Soils of the world’s agro ecosystems (i.e., croplands, grazing lands, rangelands) are depleted of their soil 

organic carbon (SOC) stock by 25-75% depending on climate, soil type, and historic management, and the 

magnitude of this loss may be 10 to 50 Mg C ha-1 (Lal, 2011). Spring sugarcane produces lesser yield than 

autumn crop as the spring crop get shorter time for growth and development (Singh et al., 2010). Various 

organic sources like farmyard manure (FYM), oil cakes, press mud cake, vermicompost, green manure and 

legume as intercrops used as sources of nutrients since ages. Organic sources of nutrients not only help in 

supplementing the nutrients to sugarcane but also maintain favourable physical, chemical and biological 

soil environment. The deterioration in soil health and ecology has been reported in recent years mainly due 

to erratic climatic behaviour. Continuous use of heavy doses of fertilizers and plant protection chemicals 

potentially impaired the soil microbial activity, leading to poor soil health (Singh et al., 2007). A sugarcane 

crop giving cane yield of 100 t/ha may remove 205 kg N, 55 kg P and 275 kg K, 30 kg S, 3.5 kg Fe, 1.2 kg 

Mn, 0.6 kg Zn, 0.2 kg Cu sides the losses of nutrients during cropping season. The yield of sugarcane has 

reached a plateau due to decline in factor productivity (Yadav et al., 1998). 

Soil Sustainability and Soil Quality Index 
Sustainable farming is the successful management of resources for agricultural production to satisfy the 

human needs while maintaining or enhancing the quality of environment and conserving natural resources. 

Sustaining or increasing soil organic matter is of great importance in terms of cycling plant nutrient, 

minimizing the need of inorganic fertilizer, and improving soil physical, chemical and biological properties. 

The soil organic matter (SOM) pool comprises of active, intermediate/slow and passive pools, which act as 

sensitive indicators of soil quality. The active pools generally contribute about 10-20% towards total SOM, 

whereas the stable or passive pools have 50-90% contribution towards total SOM. The soil organic carbon 

(SOC) stock is comprised of labile or actively cycling pool. Labile C pool is the fraction of SOC with rapid 

turnover rates. Some carbon pools like CO2 evolution, soil microbial biomass carbon and water-soluble 

carbon are used as an indicator of soil quality. Soil microbial biomass study reflects energy flow, acts as an 

agent of transformation of all substances and reflects on a labile pool of C, N, P, S and micronutrients 

(Mishra et al., 2008). Soil quality is yardstick of good soil management for sustainable farming. Any system 
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of farming which causes adverse effect on soil quality parameters are unsustainable. These parameters for 

estimating soil quality index include nutrient availability-capacity and intensity factor, soil depth and 

water holding capacity, salinity and sodicity, soil physical environment-(aeration, drainage, structure etc), 

hydrological regimes, soil erosion, soil biology, microorganism and soil productivity as an integrated index 

of all these factors. 

Resource Constraints 
Continued monocropping of sugarcane without crop rotation and organic recycling for several decades have 

depleted the soil fertility considerably. Singh (2008) reported that there is an estimated loss of 4.5 to 7.9 % 

in sugarcane yield due to soil degradation in India. Productivity of the soils has come down due to the 

degradation of the physical and chemical properties and decline in rhizosphere microbial activities. Decline 

in soil organic carbon content has been very apparent over the years affecting productivity. Significant 

reduction in soil organic carbon content following continued sugarcane cultivation had also been reported 

from several parts of India. Continued monocropping of sugarcane also has resulted in depletion of water 

resources at an alarming rate. The water requirement of sugarcane crop is close to 2500 mm in tropics and 

1500 in subtropics. Scarce rainfall and depletion of ground water is adversely affecting the cane area and 

production in serious proportions. The situation is grave enough to warrant moderation of water use of the 

crop through water use efficient varieties and micro irrigation methods. 

Scope of Intercropping in Sugarcane 
Intercropping is the best alternative for increasing the area under sugarcane cultivation. Growing pulses 

with sugarcane crop not only increases the area under pulse crop but also reduces the intensity of weeds 

and provides mid-season income to house-holds for further use of critical inputs to sugarcane along with 

additional employment opportunities. Intercropping is an age-old practice of growing two or more crops 

simultaneously on the same piece of land. It is a technique of crop intensification in both time and space 

wherein competition between crops may occur during a part or whole growth period. 

Autumn planted sugarcane is most suitable for growing intercrops as its growth slows down because of low 

temperature during November to February when condition is suitable for short duration rabi crop, which 

can be successfully grown between inter spaces of sugarcane. Several studies demonstrated that the total 

productivity of crops in sugarcane + rabi crops intercropping system is substantially higher than the total 

productivity of sole rabi crop in winter followed by sole sugarcane planted in spring season. Dwarf type 

crops with compact canopy including legumes, oilseeds, cereals, spices and vegetables are suitable as 

intercrops in autumn planted sugarcane. 

Effect of Legumes on Soil Quality 
Legumes have long been recognized and valued as "soil building" crops. Growing legumes improves soil 

quality through their beneficial effects on soil biological, chemical and physical conditions. As we know 

Sugarcane is a long duration  widely spaced crop with its sowing with spacing of 75 to 150 cm. It is a slow 

growing crop up to 80-90 days. Its efficient root system helps to tap plant nutrients and moisture from the 

soil deep layers allowing the intercrops to feed at the top layer of soil. 

The enhancement in organic carbon content over control was up to the extent of  17.64 percent has been 

recorded due to intercropping of green gram in sugarcane production system (Ranjan and Jha, 2019).The 

application of only inorganic fertilizer was not effective for maintaining fertility status of soil. The 

application of organic manure improved BD and porosity of soil due to improvement in carbon content of 

soil. The SOC and its pool fractions lead to improved soil fertility, sustainability and environmental quality 

in long- run (Carter, 2002). 

Effect of Legumes on Soil Quality 
Legumes improve quality of soil and it enhanced nutrient use efficiency, soil aeration, stimulate soil 

biological activity, increase the soil reserves of organic matter, enhance the N-supplying power of soils. it 

also reduces bulk density of soil, soil erosion and iImprove soil structure and water transmission 

characteristics of soil. 
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Leguminous as Intercrops 
Crop rotation involving legumes and spatial arrangement of crops to accommodate legumes aid in fixing 

the atmospheric nitrogen in the legume rhizosphere in varying quantities depending on the species. 

Legume  has a great potential to be used for the betterment of sugarcane plant- ratoon system. The raising 

of legume as intercrop with sugarcane short period of 45-50 days would add substantial quantity of 

nutrients in to the soil. 

Legume as Inter Crops 
Sugarcane is planted generally at in row 90 cm. It’s normally taken 30-45 day for germination and the 

initial growth of crops is also slow up to 100 day after planting and also in case of ratoon  (Singh and 

Singh,1992). As a result of the laetrile spread of crop, foliage is not much, secondly green manuring prior 

to sugarcane is considered as waste full practices because of population pressure on land and availability 

of chemical fertilizer at cheaper rate. It’s not preferred to miss a kharif crops for green manuring  so  legume 

in inter  row spaces as intercrop is taken. Legumes suitable for intercropping with sugarcane, in autumn 

planted sugarcane  ratoon, berseem, gram, lentil, pea, khesari and for spring planted cane ratoon, summer 

legume like  moong, urd,  and cowpea are popular intercrop (Singh et al., 2015). 

   
Sugarcane +Rajma Sugarcane +Green Sugarcane +Lentil 

Biofertilizers and Legume Crop 
Several studies clearly indicate that among the different types of biofertilizers available at present, 

Rhizobium is relatively more effective and widely used. Considering an average N fixation rate of 25 kg/N 

ha per 500 g application of Rhizobium. The biofrtilizer inoculated legume  enhanced the nutrient use 

pattern and efficiency of applied fertilizer. The additional benefits of nutrient contributed when legumes 

are grown with sugarcane inoculated with biofertilizer, On the other hand Azotobactor, which is used in 

non-legume crops has given inconclusive results. The use of Azospirillum inoculation in non-legume crops 

as biotic N source should be advocated. Biofertilizers are also associated with the liberation of growth 

substances which promote germination and plant growth. As regards phosphate, several phosphate 

solubilising bacteria are known to mobilize the significant quantities of soil phosphate. 

Legume Biomass as Green Manure 
Crop residues are parts of the plant left in the field after crops have been harvested and threshed or left 

after pasture are grazed. In India about 100 million tonnes of crop residues are available for recycling in 

agriculture annually. Crop residue when incorporated also improves the physical, chemical and biological 

properties of the soil. Umrit et al. (2009) demonstrated that incorporation of legume green manure crops 

in the soil resulted in substantial amounts of N which became available to the subsequent sugarcane crop. 

Burning is a minor practice in India and burn the residues causing loss of precious organic matter, plant 

nutrients and environmental pollution. Rain fed soils are deficient in organic matter. There is need to 

replenish it by every possible means to sustain soil productivity. Crop residues are reservoir of plant 

nutrients (especially K) and improve soil physical and biological properties and protect the soil from wind 

and water erosion. Beneficial effect of legume residue incorporation in rain fed soils on yields of crops  have 

been  widely  reported. 

Legume for Soil Fertility 
The nutrient supplying capacity of soil can be improved by introduction of legume crop in long duration 

sugarcane crop in both autumn and spring planted sugarcane. Legume crop act as cover crop and provide 

unique environment of rhizosphere soil favour greater microbial activity  through excretion of amino acids. 

The legume crop has ability to fix atmospheric nitrogen in soil and became available for sugarcane crop 

during the current season. Bhullar et al. (2005) from their experiments on intercropping in sugarcane 

reported that intercropping summer moong and summer mash when green manured in the field after 
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picking the pods, the nitrogen dose to green manured spring cane was reduced by 25%. The legume crop 

completes their life cycle in three months with enrichment of nitrogen status which remains available for 

sugarcane crop  standing for nine months. A large biomass is available after legume harvest which act as 

source of green manure for sugarcane and its incorporation  improved organic carbon and available N 

content of soil. 

Conclusion 
Nutrient mining in sugarcane production system is alarming and causing negative nutrient balance which 

is indicative of deterioration in soil health in the long run. The depletion of  organic matter and multi 

micronutrient deficiency coupled with deterioration in physical and biological properties of soil became a 

serious threat for sustainable agriculture. Due to unavailability of traditional source of organic manure in 

the era of mechanization, raising of leguminous crop as intercrop in  sugarcane is feasible and economically 

viable option and will pave a way for maintaining soil fertility and nutrient requirement of sugarcane. 

References 
1. Bhullar, M.S., Kamboj, A., Singh, G.P. and Kapur, M.L.(2005). Influence of green manuring of intercropped short duration 

pulses on nitrogen management in spring sugarcane. Indian Sugar. 55 : 71-74. 

2. Carter, M.R. (2002). Soil quality for sustainable land management: Organic matter management and aggregation interactions 

that maintain soil functions. Agronomy Journal 94: 38-47. 

3. Kumar, Vijay and Chand, Mehar. (2009).Integrated nutrient management in sugarcane Eds.  Sugarcane: Crop Production and 

Improvement, Singh, S. B.,Rao, G. P., Soloman,  S. and Gopalasundarm,  Ist Eds. Studium Press LLC, Texas, USA. 

4. Lal, Rattan (2004). Soil Carbon Sequestration Impacts on Global Climate Change and Food  Security. Science (New 

York, N.Y.). 304. 1623-7. 10.1126/science.1097396 

5. Mishra, B., A. Sharma,  S. K., Singh, J. Prasad and B. P Singh (2008). Influence of continuous application of amendments to 

maize-wheat cropping system on dynamics of soil microbial biomass in Alfisol of Jharkhand. Journal of the Indian Society of 

Soil Science 56: 71-75. 

6. Ranjan, Abhishek and Jha,C.K.(2019).Effect of Integrated Nutrient Management Modules on Soil Fertility and Productivity 

of Sugarcane in Calcareous Soil. PG Thesis , Department of Soil Science, RPCAU, Pusa. 1-154.  

7. Singh, Anil & Bharahti, RC & Chandra, N & Dimree, S. (2015). Integrated nutrient management System: Smart way to 

improve cane production from sugarcane ratoon. Journal of Agri Search. 2. 2348-8808. 

8. Singh KP, Srivastava TK,  Singh PN  and, Suman Archna. 2007. Enhancing soil fertility, microbial activity and sugarcane 

(Saccharum officinarum)  productivity  through organics in sub-tropical system. Indian Journal of Agricultural 

Sciences, 2:84-87. 

9. Umrit, G., Bholah, M.A. and Ng Kee Kwong, K.F. 2009. Nitrogen benefits of legume green manuring in sugarcane farming 

systems in Mautitius. Sugar Tech. 11(1): 12-16. 

10. Yadav, R.L., Yadav, D.S., Singh, R.M. and Kumar, A. 1998. Long-term effect of inorganic fertilizer inputs and crop productivity 

in rice-wheat cropping system, Nutrient Cycling in Agroecosystems  51: 193-200. 

  



 

 
Volume 3 - Issue 6 - June 2021       51 | P a g e  
 

Bt-Resistance in Cotton Pink Bollworms: Was it 

Inevitable from the Start? 
Article ID: 11016 

Subhadip Paul1, Susmita Mondal2 
1Division of Soil Science and Agricultural Chemistry, ICAR-Indian Agricultural Research Institute, New 

Delhi-110012, India. 
2Department of Zoology, University of Kalyani, Kalyani, Nadia, West Bengal-741235, India. 

 

   

Introduction 
India is considered as second largest producer of cotton in the world after China. Bollworms (particularly 

pink bollworm: Pectinophora gossypiella) are the major pests, feeding on fibres and seeds, causing serious 

yield reductions and economic losses in cotton. Though its origin is still not clear to us, pink bollworm 

infestation in cotton was first reported from India during 1842 (Tabashnik and Carrière, 2019). Pink 

bollworms have very narrow ranges of plant hosts other than cotton. Generally, in a newly grown cotton 

field, bollworm larvae of first generations feed upon flower-buds (locules) but their subsequent generations 

feed on entire contents of cotton bolls. Breakthrough happened in 1995 when United States approved the 

field commercialization of Bt-cotton, followed by China (1997) and India (March, 2002). Genetically 

engineered cotton, inserted with insecticidal proteins from soil-borne, gram positive, Bacillus thuringiensis 

(Bt) bacterium, was developed to kill targeted herbivorous insect-pests and to reduce insecticidal sprays. 

The crystalline (Cry) toxins from Bt must be passed to larval midgut (alkaline pH) to pose toxicity. 

Based on the insecticidal activity and sequences in amino acid, Cry toxins are grouped into five classes: 

1. Cry1 (effective against Lepidoptera). 

2. Cry2 (effective against Lepidoptera and Diptera). 

3. Cry3 (effective against Coleoptera). 

4. Cry4 (effective against Diptera). 

5. Cry5 (effective against Lepidoptera and Coleoptera). 

In India, Bt-cotton (Bollgard) was developed by Maharashtra Hybrid Seed Company Limited (Mahyco) in 

a joint venture with Monsanto (US) using Cry1Ac. The Bollgard-II was developed in 2006, combining both 

Cry1Ac and Cry2Ab genes. Currently, Bollgard-II occupies more than 90% Gossypium hirsutum-cotton 

areas in India (Naik et. al., 2020). With the extension of Bt-cotton areas, ‘refuge’ (non-Bt) cotton areas 

started to decline and the Bt-resistance in pink bollworms began to develop (Naik et. al., 2020). The pink 

bollworm shows Cry-toxin resistance through disruption of binding sites between Cry-toxin and midgut 

protein receptors (Wan et. al., 2017). 

First Reports of Bt-Resistance 
There were many predictions of Bt-resistance in bollworms but the laboratory DNA-screening of field 

populations in Arizona first confirmed that Bt-resistant alleles (r1, r2, and r3) of cadherin (BtR) protein 

were inherited recessively to pink bollworms against Cry1Ac toxin (Morin et. al., 2003). However, this 

resistance was found rare in cotton growing areas of Arizona, California, and Texas during 2001-2005 

(Tabashnik et. al., 2006). In India, first pink bollworm resistances against Bt-toxins (Cry1Ac and Cry2Ab) 

were reported from Amreli district of Gujrat, followed by Sriganganagar in Rajasthan, Surat in Gujrat, and 

Dharwad in Karnataka (Dhurua and Gujar, 2011). Now a day, reports from all cotton growing areas of 

north, central, and south India confirmed the population extension of Bt-resistant pink bollworms (Naik 

et. al., 2020). In China, first report of pink bollworm resistance against Cry1Ac was detected through 

dietary bio-assay in laboratory during 2008 but unlike India, failures of Bt-cotton at field levels were not 

seen (Tabashnik et. al., 2012). 

Types of Bt-Resistances by Pink Bollworm 
Tabashnik and Carrière, 2019 categorized pink bollworm resistances against Bt-cotton as followed: 
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1. No decrease in susceptibility: Statistically non-significant decrease in pink bollworm population 

susceptibility against Bt-cotton (e.g., Bt-resistance of pink bollworm in US). 

2. Practical resistance: It is field-evolved resistance against Bt-cotton, reducing its efficacy to control 

pink bollworm (e.g., Bt-resistance of pink bollworm in India). 

3. Early warning of resistance: It includes monitoring all field-evolved resistance cases in a particular 

region (country or collection of different cotton growing regions under study) where at least one population 

of pink bollworm have to be resistant, but the others must stay susceptible (e.g., Bt-resistance of pink 

bollworm in China). 

Strategies Adopted in Major Cotton Growing Countries 
Factors that delayed the Bt-resistances of pink bollworms in major commercial cotton producing countries 

(China, India, and US) include maintaining random abundance of refuges (non-Bt cotton), Bt-resistance 

associated fitness costs, incomplete resistance for some period of time, and recessive inheritances 

(Tabashnik and Carrière, 2019). 

1. Partially sterile pink bollworm moths (irradiated) were released in huge number into Bt-cotton fields of 

Arizona, US. This huge number of sterile moths mated with rare resistant pink bollworm moths from Bt-

cotton fields and only few larvae, aroused from those reproductions, became heterozygous recessive 

resistant. Thus, their survival upon to Bt-cotton became negligible. Even, these larvae cannot become 

fertile moths without exposure to Bt-toxins. As a result, Bt-cotton (carrying both Cry1Ac and Cry2Ab) 

acreage increased near 100%; while decrement in refuge cottons (non-Bt) was observed from more than 

25% to less than 5% in 2010. Based on extensive field monitoring from 2010 to 2018, pink bollworm was 

declared eradicated by United States Secretary of Agriculture in the year of 2018 (Tabashnik and Carrière, 

2019). 

2. China adopted a seed mixture strategy to delay Bt-resistance in pink bollworms. This novel mixture was 

performed by crossing Bt-cotton with non-Bt cotton and planting F2 generations in field. Crossing between 

non-Bt cotton and Bt-cotton produces F1 hemizygotes (carrying Bt-toxin). Self-pollination of these F1 

hemizygotes generates F2 seeds which contain Bt-hemizygotes (50%) and Bt-homozygotes (25%), producing 

Bt-toxin (Cry1Ac), and non-Bt cottons (25% homozygotes) which don’t have Bt-toxin. This resulted in 25% 

randomly dispersed non-Bt cottons (refuges) in Bt-cotton fields. These hybrids also yielded higher than 

their parents due to heterosis and this fact was implemented by seed companies in China. When the non-

Bt cotton areas (ha) got increased to 67% during 2011-2015, 96% decrease in pink bollworm population 

density was observed (Wan et. al., 2017). 

3. In 2002, Genetic Engineering Approval Committee (GEAC) of India approved Bollgard to be grown with 

refuge (non-Bt) cottons in 20% Bt-cotton sown areas. In fact, Indian seed companies supplied seeds of non-

Bt cotton (120 g) along with Bt-cotton packets, carrying 450g of Bt-seeds but due to lack of proper knowledge 

about refuge cottons and need for maximizing yield, Indian farmers stayed away from planting non-Bt 

cotton seeds (Mohan, 2017). As an impact, pink bollworm developed practical resistance and unlike US and 

China, it is already too late for India to delay the resistance through ‘refuge strategy’. Thus, experts are 

recommending Integrated Pest Management (IPM) to achieve pest suppression in long run.  

Some IPM strategies to reduce pink bollworm infestation in cotton fields include: 

a. Pheromones trapping and disruption of mating, 

b. Insecticidal spray based on threshold levels, 

c. Use of natural enemies and bio-pesticides of microbial origin, 

d. Use of chemical repellents, 

e. Avoiding mono-cropping and extended cotton growing season, 

f. Planting early duration cotton hybrids, 

g. Avoiding rationing of cotton, 

h. Destruction of infested crop residues. 

Conclusion 
In contrast to US and China, sparse areas for refuge non-Bt cottons in India allowed Bt-resistant pink 

bollworms to proliferate rapidly. During 2014, mean Bt-resistance ratio for pink bollworms were found to 

be 78-times higher for Cry2Ab and 310-times higher in case of Cry1Ac which together accounted nearly 
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52% destruction of Bt-cotton bolls in India (Naik et. al., 2020). The PgCad1 gene mutation encrypts Cry1Ac-

binding cadherin protein, responsible for Cry1Ac resistance; while, mutation of PgABCA2 gene encodes 

ATP-binding cassette (transporter protein), responsible for pink bollworm resistance against Cry2Ab toxin 

(Morin et. al., 2003; Tabashnik and Carrière, 2019). In India, the surge in resistant pink bollworms renders 

the Bt-cotton production unfavourable and inefficient. Experts are not suggesting Indian seed companies 

to introduce multiple toxins producing Bt-cottons as it might help these pests to evolve their resistance in 

upcoming years. Thus, return to IPM is the only option left for India to control pest resistance and sustain 

cotton production. 
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Introduction 
Cryopreservation is examined as one component of a successful strategy for saving endangered species by 

promoting the storage of their gametes in a gene bank. Cryopreservation has a lot of advantages. Stocks 

may be shielded from total annihilation in the event of imminent disasters such as oil spills, epidemic 

outbreaks, and natural disasters. 

Stocks can be maintained at a lower cost, and experimental materials for innovative research like gene 

transfer can be made more readily available. As a result, cryopreservation of gametes is one of the most 

effective ex situ methods of germplasm conservation, and the FAO has designated it as a major strategy 

for fish resource conservation (Khoshoo, 1997). Cryopreservation of gametes helps to improve the longevity 

of gametes in a frozen state over long periods of time without affecting their fertilising potential by lowering 

their metabolic rate and thereby decreasing their temperature. 

Essentially, it's a method of preserving cells or entire tissues by freezing them at extremely low 

temperatures, usually –196°C (the boiling point of liquid nitrogen). Every biological activity, as well as 

biochemical reactions that would result in cell death, comes to a halt at these low temperatures. 

Cryopreservation technology claims to preserve fish gametes in aquaculture, which is essential for seed 

production, genetic management of broodstock, and aquatic resource conservation Diwan et. al., (2010). 

Despite the fact that the need for cryopreservation of fish eggs and embryos is critical due to the role played 

by mitochondrial DNA, previous attempts have failed because they contain a significant amount of yolk 

and are covered by a relatively thick chorion Hagedorn et. al., (1997). 

Conservation of Fish Spermatozoa 
The most well-known and widely used method is sperm cryopreservation. The ability to pick spermatozoa 

is due to the fact that it is easy to collect in many fish species, has a basic cellular structure, is small in 

size, and has a high chilling tolerance, making these cells easy to maintain in most fish species. Various 

animal species are endangered as a result of anthropogenic changes and the resulting habitat and 

environmental destruction. The situation is not limited to terrestrial ecosystems; similar conditions exist 

in marine ecosystems as well. There is a need for fish habitat recovery and marine biodiversity protection. 

Apart from its many uses in aquaculture, gamete cryopreservation is a reliable ex situ conservation 

technique. Gametes can be stored in frosty conditions for several weeks (short term preservation) and in 

frozen form for years (long term preservation) (Long-term preservation). Gametes had to be cryopreserved 

in order to keep their viability for a longer period of time. 

Tissue Banking 
This is a quick way to store biological material for longer periods of time, and it can be used in the future 

to recover genetic information and genetic modification studies. Unlike sperm banking, tissue repository 

accessions do not require a species-specific protocol, and at the NBFGR, tissue accessions of endangered 

fish species from biodiversity hotspot regions are prioritised. 

Cryoprotectants 
Chemicals that protect cells from ice formation or inhibit ice formation. To mitigate freeze damage to cells 

during cooling/freezing, cryoprotectant is applied to the extender-milt mixture. Dimethyl sulfoxide 

(DMSO), methanol, glycerol, DMA, and other cryoprotectants are commonly used. The ideal cryoprotectant 

concentration is 5-15 percent of the total volume of the diluents (extender + milt + cryoprotectant). 
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Extenders 
An extender is a mixture of balanced salts and, in some cases, organic compounds. Until freezing, 

spermatozoa must be diluted with an acceptable extender. One of the extender's functions is to prevent 

spermatozoa from being osmotically activated. Several basic extenders, isotonic to fish milt, have been used 

with varying degrees of effectiveness, including modified ringers’ solution, hank's balance salt solution, 

fructose, mannitol, glucose, lecithin, glycine, egg yolk, and Bovine Serum Albumin (BSA). 

Equilibration Period 
The amount of time it takes for the cryoprotectant to reach the sperm cells. It could take anywhere from a 

few to several minutes to revise. 

Equilibration of Milt Diluent Mixture 
For equilibration, the milt dilution mixture is held at a very low temperature. Equilibration time for Indian 

big carps can be up to 45 minutes. 

Freezing Phase 
At an extremely low temperature, the counterpoise milt-diluent composition is frozen. 

1. Pellet method. 

2. Straw method. 

3. Vial method. 

Various physico-chemical changes occur within the cell and its surroundings as it freezes. Initially, freezing 

causes ice crystal formation in the extracellular medium. As a result, the cell's extracellular medium 

becomes hypertonic. To maintain the osmotic equilibrium, intracellular water leaks out, resulting in a 

decrease in cellular volume. The cell is injured mechanically as a result of these changes. It should be 

remembered that the temperature range of 0 to -40°C is the most important during freezing, since this is 

where the majority of cryoinjuries occur. When the temperature drops below -120°C, the surplus liquid in 

the extracellular solution freezes and the dehydrated cytoplasm virtifies, preventing further cellular harm. 

During cryopreservation, there are two potential causes of cell injury. 

a. Within the cell, large ice crystals form. 

b. Dehydration causes intracellular solute concentrations to rise to toxic levels before or after 

freezing. 

Vitrification 
The solidification of a solution at a low temperature without the creation of ice crystals or it is the 

mechanism by which intracellular waters are frozen into non-crystalline solids. The glass transformation 

temperature, which is -13°C for water, is the temperature at which vitrification begins. 

Storage, Dilution Ratio, Thawing 
In a liquid nitrogen refrigerator, store at -150°C in the vapour phase or -196°C in the liquid phase. 

Depending on the species, the dilution ratio will range from 1:1 to 1:10. The dilution ratio should be such 

that the species does not need to be diluted further at fertilisation time. The opposite of freezing is thawing, 

but rapid thawing is favoured. Thawing is accomplished by placing the sample vial/ampoule in a warm 

water bath (35° to 45°C). For example, carp Cryomilt samples can be thawed in warm water at 38°C for 7-

9 seconds. 
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Accumulation of toxic metals in edible parts of crops grown in contaminated soils has been reported from 

number of crops including rice, soybean, wheat, maize, and vegetables. In fact, plants may have their 

growth sharply reduced can result in decreased crop yield due to the inhibition of plant metabolic processes 

(Singh and Aggarwal, 2006). The accumulation of metals in agricultural crops and thresholds of dietary 

toxicity in soil-crop system may vary with several factors like crop management practices  and soil 

properties. Islam et al. (2007) reported that the interactions of soil-plant roots-microbes play an important 

role in regulating heavy metal movement from soil to the edible parts of the crops. Soil contamination with 

heavy metals such as Cd, Cr, Pb, Zn and Cu in the waste water irrigated soils of Varanasi, lead to 

substantial bioaccumulation in the agricultural products especially vegetables. 

Phytoremediation is defined by Cunningham and Lee (1995) as “the use of green plants to remove, contain, 

or render harmless environmental contaminants”. This applies to all plant-influenced biological, microbial, 

chemical and physical process that contribute to the remediation of contaminated site. It is also known as 

green technology and proper implementation make it eco-friendly and aesthetically pleasing to the public. 

Phytoremediation does not require any expensive equipment or highly-specialized personnel, thus, it is 

relatively easy to implement. It is capable of permanently treating a wide range of contaminants in a wide 

range of environments. Thus, phytoremediation of contaminated environment offers an environmentally 

friendly, cost effective, and carbon neutral approach for the clean-up of toxic pollutants in the environment.  

Plants with abilities to hyperaccumulate, accumulate, exclude and indicate heavy metals are important in 

environmental remediation. Most phytoremediation studies are aimed at inorganic pollutants through 

different approaches defined as phytoextraction (the used of metal accumulating plants to transport and 

concentrate metals from the soil to roots and above ground biomass), rhizofiltration (the use of plant roots 

to absorb, precipitate, and concentrate toxic metals from polluted effluents), and phytostabilization (the 

use of plants to reduce the mobility of metals).  

Remediation methods available for reducing the harmful effects at heavy metal contaminated sites include 

chemical, physical and biological techniques. These can be grouped into two categories i.e., ex-situ and in-

situ methods. The conventional ex-situ methods applied for remediating the polluted soils relies on 

excavation, detoxification and/or destruction of contaminant physically or chemically, as a result the 

contaminant undergo stabilisation, solidification, immobilisation, incineration or destruction (Ghosh and 

Singh, 2005). 

In-situ method is remediation without excavation of contaminated site. Reed et al (1992) defined in-situ 

remediation technologies as destruction or transformation of the contaminant, immobilisation to reduce 

bioavailability and separation of the contaminant from the bulk soil. On-site containment and barriers are 

a method under in-situ management which provides an alternative, it involves covering the soil with inert 

material. Immobilization of inorganic contaminant can be used as a remedial method for heavy metal 

contaminated soils. Phytoremediation is an important in-situ method of heavy metal removal from soil. It 

refers to the use of green plants and their associated micro biota for the in-situ treatment of contaminated 

soil and ground water (Ghosh and Singh, 2005).It is an effective technological solution used to extract or 

remove metal and metal pollutants from the soil. It is advantageous when compared to other remediation 

methods as it does not require the procurement of large equipment, it is cost effective, aesthetically 

appealing, solar driven, and minimum in maintenance once established.  

In areas where soil is contaminated with heavy metals, a viable and remunerative option could be 

cultivation of crops with non-edible economic part, which will prevent the entry of heavy metals in the food 

chain. If such plants with non-edible economic product are commercial floricultural plants, then the 



 

 
Volume 3 - Issue 6 - June 2021       57 | P a g e  
 

farmers will have good income along with environmental cleanup. In addition, these plants can provide an 

aesthetic quality to buildings located on contaminated sites.  

Han et al. (2013) used quicklime or burnt lime and concluded that liming significantly reduced shoot zinc 

and cadmium concentrations i.e., application of lime did not increase plant heavy metal extraction. The 

principle of antagonism between phosphorous and metal contents in soil also can be employed to 

decontaminate the heavy metal polluted soil for abetting the toxicity to plants (Sayanthan and Shardendu. 

2015).  

Identification of the ornamental plants which can tolerate high levels of heavy metals in soil is not only 

useful in remediation of contaminated soils but also brings economic benefit and beauty to the environment. 
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Introduction 
Synthetic seed is one of the most exciting methods in plant biotechnology, with the potential to be modified 

for horticultural and agricultural improvement in the present and future. Since all of the propagules used 

in synthetic seed preparation were created by in vitro clonal propagation, they did not experience two basic 

events of sexual reproduction: meiotic recombination (during crossing over) and gametic fusion of two 

separate parental genomes (cross-pollination), all of which can result in new forms of heterozygosity in 

zygotic plants. As a result, offspring resulting from synthetic seeds are still true to type when compared to 

their parent plant. Propagation by somatic embryogenesis and artificial seeds is the only way to save 

certain species, such as ornamental plants. 

Synthetic Seed Technology 
Artificially encapsulated somatic embryos, shoot buds, cell aggregates, or any other tissue that can be used 

for sowing as a seed and can turn into a plant under in vitro or ex vitro conditions, as well as after storage, 

are known as synthetic seeds. (Mudasir et al., 2017).  Synthetic seed technology requires the manipulation 

of in vitro culture systems for large-scale production of viable materials that can convert into plants. 

Encapsulation, somatic embryogenesis, organogenesis, and enhanced axillary bud proliferation systems 

are effective techniques for rapid and large-scale in vitro multiplication of elite and desirable plant species. 

These systems develop a significant number of somatic embryos or shoot buds, which are used as effective 

planting materials for plant regeneration, either after mild treatment or without treatment with growth 

regulators. 

Production Technology 
Desiccated/Dry Synthetic Seed: Desiccated synthetic seeds are produced only in the plant species whose 

somatic embryos are desiccation tolerant. The schematic representation of desiccated synthetic seed 

production from somatic embryos are given below. 

Explant 

 
Establishment of callus culture 

 
Induction of somatic embryogenesis 

 
Maturation of somatic embryos 

 
Polyoxyethelene film of somatic embryos 

 
Drying 

 
Evaluation of embryoids and plantlet conversion 

 
Green house condition (hardening) 

 
Planting in the field 
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Hydrated Synthetic Seed: Hydrated seeds are formed in plants with recalcitrant somatic embryos that 

are vulnerable to desiccation. Synthetic seeds are created by encapsulating somatic embryos in hydrogel 

capsules. The schematic representation of hydrated synthetic seed production is given below. 

Propagules (somatic embryo, apical bud, axillary buds, immature seed embryos, protocorm like bodies 

etc) 

 
Mixing of propagules in sterile alginate with nutrient solution 

 
Individual propagules dropped into calcium salt solution 

 
Hardening of sodium alginate capsules 

 
Washing of capsules in sterile distilled water 

 
Evaluation of plantlet conversion 

 
Planting in vitro or in vivo 

 

Achievements 
According to Onay et al., (1996) somatic embryos have been encapsulated to create synthetic seeds in tree 

species such as santalum album, pistacia vera, and Mangifera indica. Synthetic seed production has been 

recorded in a variety of cereals, tubers, tomatoes, and other commercially valuable plants such as soya 

bean, mustards, coffee, tobacco, and cotton (Datta et al., 1999). Bhattacharyya et al., (2018) used 3% sodium 

alginate and 100 mL CaCl3 in combination with various aromatic cytokinin to encapsulate the protocorm-

like bodies of Leopard orchid (Ansellia africana). Aromatic cytokinin paired with IBA were found to be the 

best formula for synthetic seed viability, with an 88%. 

Implication 
1. Propagation of recalcitrant seeds: Using excised embryos in synthetic seeds, possibly we can increase 

the longevity of the recalcitrant seeds. 

2. Propagation of seedless fruit (Grapes, watermelon): Triploid species do not produce viable seeds 

for natural propagation, need to be crossed between tetraploid and diploid. Hence, synthetic seeds as 

propagules can be effective. 

3. Propagation of seasonal plants: Using synthetic seed technology, seasonal plants can be produced 

throughout the year. 

4. Fast multiplication and true-to-type plants: Suspending traditional methods (like budding, 

grafting) we can get true-to-type plants with larger quantities of plants round the year. 

5. Reduces cost of production: like in banana. 

Limitations 
1. High production cost: The initial production and instrumentation costs are a major havoc. 

2. Asynchronous development of somatic embryos: Improper maturation and asynchronous 

developments is an issue. 

3. Poor conversion of these artificial seeds into plantlets: They show positive impacts in controlled 

atmosphere, but somehow fail to establish itself in open atmosphere. 

4. Problems with gelling agents: The coating acts as a hindrance, they dried out easily hence they need 

a humid storage condition or coated with a hydrophilic membrane which help in embryo respiration. 

Conclusion 
Going down the line, if this technology is efficiently-commercially exploited, then this can act as a boon to 

a profitable multi-billion rupees industry. Keeping in mind the setbacks, there is continuous need for 

improvement and implicating this technology in valuable crop plants. With subsequent developments, 
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synthetic seeds can be used as a medium for exchange of seeds for germplasm conservation and genetic 

improvement programmes. 
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Abstract 
The sugarcane is the cash crop for farmers but it could also the life line of industrial growth of the Bihar 

State. Notwithstanding sugar being its main product in demand, its by-products like alcohol and ethanol 

are as important and more in demand. Even the waste of the sugarcane like bagasse can be used to make 

card boards and coarse paper. 

Moreover, sugar factories could be used to generate much needed electricity at the fraction of the cost. The 

last decade has seen a surging demand for biofuels in the wake of increasing oil prices and rising 

environmental concerns. The most common biofuel is bio-ethanol accounting for more than 90% of total 

biofuel usage. It is increasingly produced from sugar cane making cane a strategic crop for biofuels. 

The growing demand for "green" fuels, bio-ethanol production has been supported by energy policies in the 

past decade, which have consequently been accused of contributing to the global trend of rising food prices 

and thus jeopardising food security. The authors conclude that cane used as a feedstock to meet the rising 

energy demand will come at the expense of converting fertile land for non-food purposes. Therefore, we can 

easily conclude that sugarcane industry is vital for the industrial development of Bihar. 

Introduction 
Sugar cane is a perennial grass which grows in tropical and sub-tropical areas (Sielhorst et al 2008). In 

total 22 million ha of sugar cane are harvested each year, the majority of which is in South America, sub-

Saharan Africa and Asia. The biggest sugar cane producers are Brazil with 31% of the total area of sugar 

cane planted, India with 22%, China with 5%, Thailand with 5% and Pakistan with 5% (Zuurbier, 2008). 

It is considered one of the most promising converters of solar energy to Biomass and sugar. 

Sugar, Gur and Khandsari are the major products prepared out of sugarcane, where one third of the total 

sugarcane produced goes to sugar factories, the latter two entities consume two out of three fractions. It 

also provides raw material for manufacturing fuel and chemicals and the green top of the plant is used to 

feed animals. This crop is useful even after crushing, as Bagasse, the crushed cane residue is used as a fuel 

for electricity generator and is a very beneficial alternative for wood in paper making process. It is also 

used as dry fodder. 

Molasses, one more by-product of sugarcane is the main raw material for Alcohol based industries. Among 

the commercial crops, sugarcane has the largest value of production. Other alcohols derived from sugarcane 

have an even wider range of uses by the chemical industry to make bio-plastics, detergents and more. It is 

one of the most versatile crops which makes it first choice for farmers, wherever climatic conditions favour 

its growth. 

Ideal Requirement for Growth of Sugarcane Crop 
Temperature: Sugarcane is a long duration crop. Depending upon the variety, geographical conditions 

and sowing time it takes 10 to 15 and even 18 months to mature. It is planted in different times of the year 

in different parts of the country. In some states it is sown just once while there are states (Karnataka and 

Maharashtra) where its sown thrice a year, whereas in Northern states of India its sown twice a year, once 

around the Feb to March and then for Autumn plating season in October and November. Sugarcane 

requires an average temperature of 21°C - 27° C for refined cultivation along with a healthy rainfall of 75 

cm - 150 cm. Hot and humid climate are favourable conditions. High humidity helps in more cane 

elongation. Too much rainfall or too less rainfall, both are disastrous for growth of sugarcane. As heavy 

downpour could lead to low sugar content whereas inadequate rainfall results in fibrous crop. In areas 

receiving lesser rainfall than the prescribed limit, irrigation of the crop shows better results. For the 
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sugarcane to be of right thickness and to be able to extract sufficient and thick juice from the cane, open 

sky with a temperature above 20°C is preferred. Short cool dry winter season during ripening and 

harvesting is ideal. Frost is detrimental to sugarcane crop. Therefore, if the crop is grown in northern parts 

of the country where winters can drop to minus degrees, it must be harvested before the onset of probable 

frost seasons. Sustainable sugarcane production contributes to ensuring that growers and cutters have the 

decent income with minimised detriment to the environment. With so many potentials use from food, to 

fuel, to paper, and even plastics, every life from cutter to consumer is increasingly touched by sugarcane. 

Soil: In fact, sugarcane grows on any kind of moisture retaining soil but deep rich loamy soils are ideal for 

its growth. The soil should be rich in nitrogen, calcium and phosphorus but at the same time, it should 

have pH ranging from 5.0 to 8.0, it should not be either too acidic or too alkaline. As this is a long duration 

crop and remains in the field for 12 to 18 months, it requires very fertile soil and due to this its cultivation 

requires heavy dose of manures and fertilizers. To facilitate easy irrigation and transportation of cane to 

the sugar mills, a plain and levelled plateau is advantageous. Since sugarcane cultivation is highly labour 

intensive, hence, ample human hands at every stage, from sowing, hoeing, weeding, irrigating, and cutting 

to carrying sugarcane to the factories are necessary. 

Distribution: Based on the growth conditions of sugarcane, the three different belts of cultivation is as 

follows: First, The Satluj-Ganga plain, expanding from Punjab (West) to Bihar (East). It contains 51% of 

the total area under sugarcane cultivation. In addition, this belt produces 60% of the country’s total 

sugarcane. Second, The Black Soil Belt that runs along the eastern slopes of the Western Ghats, and located 

in the southern part of this South-East Asian country containing the area in between Maharashtra and 

Tamil Nadu. Third, the Coastal Andhra and the Krishna Valley region, which is situated towards the Bay 

of Bengal. 

Food: Sugarcane is mostly used as an ingredient in foods and drinks. 85% of the sugars consumed are 

hidden in daily products like jelly, cookies, bread and soft drinks. We savour its sweetness when we 

celebrate a treat. India, followed by the EU and China are the world’s largest sugar consumers in total 

volume. The Dutch consumer uses 38 kilograms of sugar per year. Argentinians consume 45 kilograms and 

people in Thailand consume 30 kilograms annually. Interestingly, despite being one of the largest overall 

consumers due to population size, the Chinese person only consumes 8 kilograms per year. In the EU, 

demand for cane sugar has grown and now stands at 4 million tonnes per year. While this growth is in line 

with the growing worldwide sugar consumption, an EU policy likely to change in the coming years has also 

helped boost this demand for cane sugar.  

Paper: The versatility of sugarcane is striking in unexpected places, like paper. Paper demand has risen 

an astounding 400% over the past 40 years, but only 1% in the past the few years. This large increase 

resulted in deforestation and other drawbacks like water pollution, landfill waste, and high energy costs. 

More recently, there is an increased demand for sustainably sourced paper from plantation forests and 

recycling methods. While measures have made significant sustainability strides, the paper of the future 

may be made from sugarcane, because it makes use of the entire sugarcane plant, and is derived as a by-

product, when juice is extracted from the stalks. Sugarcane paper is also biodegradable & grows quickly. 

Biofuels: Ethanol made of sugarcane can be used to replace gasoline, thereby reducing CO2 emissions by 

90%. Sugarcane ethanol is a competitive option to replace gasoline as it is the most environmentally 

friendly alternative for oil to date. Governments around the world, including the European Union and the 

United States, stimulate the use of biofuels as a way to diversify their energy sources and to reduce CO2 

emissions. Brazil leads the way in sugarcane ethanol. Almost all cars sold in Brazil today have flex fuel 

engines, allowing their owners to switch from gasoline to ethanol depending on their price. Following are 

the benefits: reduced import of fossil fuels and the creation of employment for their citizens. The future for 

ethanol-based fuels is looking bright as technological advances are made. Special airplane engines have 

also been developed to make use of sugarcane ethanol, with the first commercial flights already have taken 

to the skies. 

Conclusion 
Sugarcane is mainly an industrial crop as the cane is supplied to sugar industries, where various products, 

from its juice are prepared by using a series of industry. Green tops of cane are a good source of fodder for 
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cattle. Its remains are good manure in alkaline and saline soils. Sugarcane would become a raw material 

for producing sugar, alcohol, ethanol, electricity and paper products. New machineries and added values 

would make the industry efficient and productive, and it would also solve the plight of sugarcane farmers 

and enhances their own livelihood. 
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Manila tamarind (Pithecellobium dulce (Roxb.) Benth) is a multipurpose tree belongs to the pea family 

fabaceae. It is known with different names in different languages, Kodakapuli and Korukkapuli 

(Malayalam),Vilayati imli, Jungli jilebi. (Hindi), Kodukka puli (Tamil) and Manila Tamarind, Monkey pod, 

Madras thorn (English) Samina Kabir Khanzada (2013). The manila tamarind is a fast-growing, long-lived 

tree that can grow to a height and spread of 20 m. Its pods are edible and contain a thick sweetish acidic 

pulp. They can be eaten raw or processed into a soft drink similar to lemonade. Oil can be extracted from 

the seeds and is used for cooking or for making soaps. Manila tamarind oil meal, pods and leaves are useful 

livestock feeds. The by-product of oil extraction is a protein-rich meal (30% protein) that can be fed to 

animals. Pods are also relished by all classes of livestock and Manila tamarind leaves can withstand heavy 

browsing. It is commonly browsed by horses, cattle, goats and sheep. In some places in Latin America, 

Manila tamarind is one of the most important browse species and is primarily used as a fodder during the 

dry season. Manila tamarind provides valuable hardwood timber for construction, paneling, boxes and 

posts but should not be used for fuel since it is very smoky. The tree is planted for shade, shelter, thorny 

hedges and as an ornamental tree. 

 

Distribution 
Manila tamarind originated from a large Central American area, stretching from Southern California to 

Colombia and Venezuela. It was introduced to Indonesia and the Philippines by the Portuguese and the 

Spanish and is also found in Malaysia and Thailand. It is now widespread (planted and naturalized) in 

tropical regions where it can be found along rivers and roadsides, in dry thickets or forests, from sea level 

up to an altitude of 1800 m and in areas where annual rainfall ranges from 400 mm to 1500 mm (Ecocrop, 

2011). 

Vitamins Composition 
Manila tamarind rich in following vitamins viz., Vitamin E (Contributes to aging), Vitamin B1 (helps to 

nourish the nerves and the brain), Vitamin B2 (Contributes to the skin, nails and hair health), Vitamin B3 

(niacin) (contributes to decrease levels of cholesterol), Calcium (helps to give a boost to bones and enamel), 

Phosphorus (Contributes to the expansion and restoration of body), Iron (contributes to the prevention of 

fatigue of the body). Seeds of P. dulce have high contents of proteins, dietary fiber, and unsaturated fatty 

acids (Franco & Melo, 2000). 

Nutritional value of Manila tamarind (Kaushik and Varsha, 2018): 

Energy  78 kcal Iron (2.7% RDI)  5mg 

Water 77.8% Sodium  19mg 

Protein  3% Potassium(6.3% RDI) 222mg 
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Fat  4% Vitamin A  15mg 

Carbohydrate  18.2% Thiamin/B1 (16.6% RDI)  24mg 

Fiber  1.2% Riboflavin/B2 (5.8% RDI)  10mg 

Ash  6% Niacin/B6 (3% RDI)  60mg 

Calcium (1.3% RDI)  13 mg Vitamin C (221% RDI)  133mg 

Phosphorous (4.2% RDI)  42mg 

Medicinal Importance 
The different parts of  Manila tamarind  are used for various therapeutic purposes, such as for treatment 

of antiseptic, lightens skin, prevents hair loss, treats oily scalp, good for pregnant women, treat bilious 

disorders, treats fever, cures malaria, treats jaundice, regulates blood circulation, controls blood sugar 

levels, boosts immune system, relieves inflammation, cures mouth ulcers, prevents cancer, eliminates 

pigmentation, Cures Acne and Pimples, Removes Dark Spot, Natural Skin Moisturizer, Used to treat 

Venereal diseases (sexually Transmitted Infection). Manila tamarind is also prescribed for diabetics. 

Cultivation Variety 
PKM (MT)1 (2008): It is a regular bearer. The spirally twisted fruits with clear constrictions, pale yellow 

pods, and white attractive aril are found in clusters (2-3). The skin of fruits turns yellow at maturity and 

seeds turn black.  

PKM (MT)2 (2020): It possesses high percentage of anthocyanin (pigment). 

Season and Soil 
The best season is June – September and can tolerate sewage water stagnation and grows well in sandy, 

saline and alkaline soils. Manila tamarind is an N-fixing legume that can survive dry periods. 

Propagation 
Manila tamarind can propagate both sexual and asexual propagation methods are commercially used for 

multiplication. 

Sexual Propagation: Seeds are sown into nursery beds it will takes to germinate within 2 weeks and 

planted out when about 12 months old seedlings.  

Asexual propagation: Cuttings, Air layering and Grafting. 

Harvest and Yield 
The yielding time of manila tamarind is from the last week of January till April. During its season, we 

could get a yield obtained from this variety is 125 kg / tree / year (11.85 t/ha). In favourable soils and 

climates, the Manila tamarind may reach a height of 10 m in 5 or 6 years. 

Conclusion 
The manila tamarind is an important and high value multipurpose tree unfortunately it is coming under 

underutilized fruit list. Before we go for commercial cultivation of manila tamarind, we must know the 

basic information about tree, nutrient composition, medicinal importance and cultivation aspects. This is 

eye opener for cultivation of manila tamarind tree through scientific methods. 

References 
1. Ecocrop, 2011. Ecocrop database. FAO 

2. Franco, O.L. and F.R. Melo. 2000. Osmoprotectants – a plant strategy in response to osmotic stress. Russ J Plant Physiol., 47: 

137-144. 

3. Kaushik V K and Varsha R J.2018.Medicinal uses of Pithecellobium dulce and its health benefits Journal of Pharmacognosy 

and Phytochemistry.(2): 700-704. 

4. Samina Kabir Khanzada, Amina Kabir Khanzada, Wazir Shaikh and Syed Abid Ali. 2013.Phytochemical studies on 

Pithecellobium Dulce Benth, a medicinal plant of Sindh. Pakistan, Pak. J Bot.; 45(2):557-561. 

  



 

 
Volume 3 - Issue 6 - June 2021       66 | P a g e  
 

Agritourism: A Way Towards Upliftment of Indian 

Farmers 
Article ID: 11022 

Sourik Poddar1 
1Dept. of Genetics and Plant Breeding, Uttar Banga Krishi Vishwavidyalaya, Pundibari-736165, 

Coochbehar, West Bengal, India. 

 

   

Introduction 
Agriculture is India's most important economic field. Agriculture employs about 65% of the workforce, 

either directly or indirectly. The agriculture sector accounts for about 13% of overall GDP. Adding new 

income-generating practises to current agriculture will undoubtedly boost agriculture's contribution to 

national GDP. 

This will be accomplished by agritourism. In the Indian tourism industry, agritourism is the most recent 

concept. It allows you to have a genuine, enchanting, and honest encounter with real life. Agritourism 

promotion necessitates intellectual alignment with rural tourism, wellness tourism, and adventure 

tourism. 

Agritourism Meaning 
World Tourism Organization (1998) defines agritourism as “ involves accommodation being offered in the 

farmhouse or in a separate guesthouse, providing meals and organizing guests’ activities in the observation 

and participation in the farming operations.”  Agritourism may include- outdoor recreation, educational 

experiences, entertainment (harvest festivals), hospitality services (farm stay, guided tour), on firm direct 

sales. 

Rural tourism differs from agritourism in two ways: first, rural tourism businesses are not all located on 

farms or in agriculture plants, and second, they do not produce additional revenue for agriculture 

businesses. 

 
A Diagrammatic representation of agritourism practices in India (Chatterjee et al., 2019) 
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Agritourism and its probable impacts in Indian  consumers(Chatterjee et al., 2019) 

Scope of Agri-Tourism 
1. A low-cost gateway: Agri-Tourism has the lowest costs of food, lodging, entertainment, and transport. 

The visitor base is widened as a result of this. Agri-Tourism is a term that brings travel and tourism to a 

wider audience, broadening the reach of tourism due to its cost-effectiveness. 

2. Curiosity about the farming industry and lifestyle: People with origins in villages have always 

been curious about food supplies, plants, livestock, raw materials such as wood, handicrafts, cultures, 

history, custom, dresses, and rural lifestyles. Agri-tourism, which circles around farmers, towns, and 

agriculture, has the ability to elicit the interest of this demographic. 

3. Strong demand for wholesome family-oriented leisure events: Villages provide recreational 

facilities to people of all ages, including children of all ages, adults of all ages, males and females, and the 

entire family at a lower rate. The entire family will enjoy a range of activities such as rural sports, markets, 

food, clothing, and nature. 

4. The urban population's health consciousness and their need for solace in nature-friendly 

means: Life has become more difficult as a result of modern lifestyles, and the overall lifespan has 

decreased. As a result, people are still looking for natural ways to make life more peaceful. Ayurveda, a 

natural medical approach, has its origins in villages. Villagers' traditional medical experience is valued. 

5. The need for harmony and tranquillity: Modern life is the product of a wide range of thoughts and 

practises. Every human strives to work harder in various ways in order to earn more money and enjoy 

modern conveniences. As a result, harmony is never in his system. Tourism is a way of looking for a peaceful 

place to visit. Agri-Tourism is founded on peace and tranquillity since it is located away from urban centres 

and close to nature. 

Here are Some of the Agri-Tourist Destinations in India (Chatterjee et al., 2019) 
North: R.O.S.E (Rural Opportunity for Social Elevation) works with the agri-tourism model in 

Uttarakhand's Bageshwar district, where visitors can stay in homestays amidst wheat fields and scenic 

mountain views and participate in daily work such as cooking, cultivating crops, constructing toilets, 

teaching English to school children, and other activities. 
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East: Zuluk or Dzuluk is a hamlet in East Sikkim on the Indo-China frontier. It is a relatively recent and 

offbeat tourist destination, strategically located at an altitude of about 3000 metres (10100 feet). Many 

visitors come to Zuluk to get a snapshot of the old Silk Route, and they have a range of homestays to choose 

from. 

Central: In the central part of the region, there is a magnificent location known as Rawla Kaneriya, which 

is owned by the royal family of Jamnia. Agri-tourism at Rawla Kaneriya includes farm tours, farm holidays, 

farm bed and breakfast lodging, camping, nature research, cross-country skiing, picnics, hayrides, 

seminars, fishing, and other sports. The evening storytelling sessions contribute to the ethereal 

atmosphere. 

South: The Andhra Pradesh Tourism Development Corporation (APTDC) has devised a novel concept of 

agri-tourism to promote rural tourism, which will feature integrated lush green horticulture farms, dairy, 

fishing, vegetable poly houses, and even guest houses for tourists to stay for a few days or longer and gain 

exposure to rural rustic life and natural environment, as well as rural eateries. 

West: The indigenous homestays Shaam-e-Sarhad in Hodka, Gujarat's Kutch district, are close to the 

international border and have sparse vegetation. Yet, from November to March, when the atmosphere is 

pleasant and several festivals are held, the villagers, who are mainly shepherds, never hesitate to welcome 

visitors. Tourists have the choice of staying in mud huts or traditional cottages with western toilets, and 

can sample the local cuisine with gusto. The area has a long and illustrious tradition of art and craft, which 

is on display in the nearby artisan village. It also seeks to encourage new and creative approaches to 

collective action in rural communities in order to increase livelihood opportunities. 

 
Opportunities for agritourism challenges and the intermittent network (Chatterjee et al., 

2019). 

Conclusion 
Agritourism offers a rare opportunity to merge elements of the tourism and agriculture industries and 

provide visitors, farmers, and communities with a variety of commercial, educational, and social benefits. 

Agritourism provides farmers with an alternative source of revenue as well as a channel for direct 

marketing to customers. It boosts the tourism industry by increasing the number of tourists and the 

duration of their stay in a given region. Agritourism has the ability to expand municipal tax bases and 

provide new job prospects for residents. Agritourism also offers public educational resources, aids in the 

preservation of farm lands, and encourages states to establish commercial enterprises. While agritourism 

can open up new revenue streams for farmers and landowners, it also raises new legal concerns. 
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Agritourism can be a lucrative business. Farmers would have to put in a lot of effort and learn a lot of new 

skills. Agritourism events must be made aware of by visitor bureaus and chambers of commerce so that 

they can assist with their promotion. If all of the main players are active from the beginning, agritourism 

is a win-win scenario. 
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Abstract 
The vertical farm is a world-changing innovation whose time has come. Imagine a world where every town 

has their own local food source, grown in the safest way possible, where no drop of water or particle of light 

is wasted. Smart farming makes a tremendous contribution for food sustainability for 21stcentury. The 

reason is that the environmental and water management affects plant growth directly. Vertical farming is 

considered as a modern tool for feeding large world population by year of 2050.Erecting a farm that is in 

close proximity to the people which it serves by availability of cheaper, organic, disease free crops alongside 

sustaining the limited natural resources.  

Keywords: Vertical Farming, Technology. 

Introduction to Vertical Farming 
Vertical farming is the practice of growing crops in vertically stacked layers or integrated in other 

structures (such as in a skyscraper or old warehouse) with use of less water and no soil. The modern ideas 

of vertical farming use indoor farming technique sand-controlled environment agriculture (CEA) 

technology, where all environmental factors can be controlled such as artificial control of light, humidity, 

temperature also Bio fortification which is to breed crops to increase their nutritional value. 

Need for Vertical Farming 
Increasing food demand due to growing population along with ever decreasing arable lands poses as one of 

the greatest challenges. The high yield farming methods that support our immense population are 

characterized by their instable consumption of our limited reserves of fresh water, fossil fuel and soil. 

Vertical farming is the urban farming of crops inside a building in a city or urban centre, wherein the floors 

are designed to accommodate certain crops. 

These heights will act as future farm lands and that they can built by nations with little or no arable land, 

transforming nations which are currently unable to farm into top food producers. Vertical farming creates 

an alternate source of sustainable food production units for today’s urban needs and future generation. The 

food production is just the start. These vertical farms will recycle grey water and black water, generate 

power from the incineration of plant waste (think plasma arc gasification) which will reduce waste to its 

constituent molecules, and harvest water from dehumidification. Every urban centre gets one or several 

thus cutting way down on food miles. 

Scope and Potential 
1. Less deforestation and land use. This means less erosion and less flooding.  

2. Abandoned or unused properties will be used productively.  

3. Crops will be protected from harsh weather conditions like floods, droughts and Snow.  

4. Reduction in vehicular transport as the crops produced is easily consumed.  

5. Less CO2 emission and pollution by decreasing reliance on coal burning product.  

6. Overall wellness as city wastes will be channelized directly into farm buildings.  

7. Water is used more effectively. 

Component of Vertical Farming 
1. Hydroponics: Hydroponics is a method of growing plants without soil. Instead of having their roots 

supported and nourished by soil, the plant is supported by an inert growing medium like coco peat and are 

fed via a nutrient-rich water solution and uses about 70% less water than traditional farming. Hydroponic 
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systems may be as simple as a glass of water filled with pebbles and water containing fertilizer or as 

complex as a large greenhouse structure containing beds of clay pellets/troughs filled with coco peat that 

are periodically supplied with a nutrient solution. Nutrient Film technique (NFT) is also a kind of 

hydroponic farming that is adopted by many commercial farmers these days. 

2. Aeroponics: Aeroponics is the process of growing plants in an air or mist environment without the use 

of soil or an aggregate medium. The basic principle of aeroponic growing is to grow plants suspended in a 

closed or semi-closed environment by spraying the plant's dangling roots and lower stem with an atomized 

or sprayed, nutrient-rich water solution Plants in a true aeroponic apparatus have 100% access to the CO2 

concentrations ranging from 450 ppm to 780 ppm for photosynthesis. High rate of crop growth and uses 

70% less water than hydroponics. 

3. Aquaponics: Aquaponics is a recirculating system that combines hydroponics (growing plants in water 

without soil) and aquaculture (fish farming) to create an efficient closed loop system. Aquaponics uses these 

two in a symbiotic combination in which plants are fed the aquatic animals’ discharge or waste. In return, 

the vegetables clean the water that goes back to the fish. Along with the fish and their waste, microbes 

play an important role to the nutrition of the plants. These beneficial bacteria gather in the spaces between 

the roots of the plant and convert the fish waste and the solids into substances the plants can use to grow. 

The result is a perfect collaboration between aquaculture and gardening. 

Conclusion 
Agriculture is one of the activities that play the main role in supporting a human in the world. However, 

drinking water is already in shortage stage, but, most of the available freshwater, is already using for 

agriculture. More than 20 percent of the fossil fuels annually is using for agriculture in industrialized 

countries. Farming has become more fund centralized during the last years. Developing the high-tech 

farming systems are the results of the energy sources and new methods of farming. 

Moreover, overpopulation of cities needs new agricultural methods so as to bring conventional farming 

inside cities. A single technological strategy cannot be a panacea to the ever-growing food production 

system. Instead, there is a need for a mixture of multiple techniques to guide us towards the 21-century 

green revolution. Vertical farming is one of the greatest interesting examples of somewhat new that may 

contribute to these answers. 

Others have mentioned to this occurrence as controlled environment agriculture or agriculture integrated 

building. Also have basically involved it as technical elements within the superior phenomenon of urban or 

local agriculture with different food production. Vertical Farming has the potential way for sustainable 

progress to produce food or related services in urban areas. The goals and future vision have been planned 

with the purpose of generating sustainable cities around the world. To sum it up, to create a city context 

where most of human food needs are met by self-production and recycling and reusing drinkable water 

would not be far-fetched since the required technologies are already availed. Where there is strong enough 

motivation and adequate social pressure, prospective eco-city can be actualized soon enough. The recent 

traditional farming approaches due to a great imbalance in the environment. 

In the other hand, the recent environmental approach caused by concentrated traditional farming 

approaches that contribute to the ecological problem has been overviewed. Agriculture it still plays a very 

significant role in many cities. It causes thousands of acres of forest land to be plowed up sacrificing 

thousands of acres of land. Endmost, it appears that the concept of the vertical farm in the city center of 

urban areas could solve a lot of real issues related to food production and environmental degradation. Then 

no harvests would fail by severe weather phenomenon like droughts, floods, and hurricanes, etc. Hence, 

the vertical farming making of a sustainable city environment that encourages the people to live there for 

the safe and healthy environment, cleaner air, safe drinking water, safe usage of public liquid waste, new 

employment chances, and less abandoned lots and constructions. 

Vertical farming has the benefit of a seasonally wet and warm weather. They can easily minimize cooling 

and heating water, use of indoor temperature and artificial light and also have a plentiful number of 

natural resources such as long hours of sunlight and enough water from daily rain to cultivate. As a 

conclusion, the number of technologies provided for decreasing the agricultural effect on the earth as well 

as oceans is restricted although it helps to sustain the increasing human population. From our perspective, 
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VF is among the few novel paths to fully delve into the following 10 to 20 years particularly if we really 

aim to live in a balance with other living organisms and not to threaten their life nor ours. 

Optimally, VF is required to be: a. cheap and affordable b. resistant and securely operable c. not requiring 

financial subsidies or external support. In case these conditions are met in a dynamic, all-inclusive research 

programs, farming in cities can supply many foods for 60% of the population who reside in cities up until 

2030. VF has the potential for success in proper conditions. It simultaneously helps to reduce poverty, adds 

to food safety, and increases contextual sustainability and human well-being. 
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Genetic engineering is the process of applying recombinant DNA (rDNA) technology to change the genetic 

makeup of the body. The interest in a variety of renewable biofuels has always been their renewable energy 

due to unstable fuel costs and reduced fuel prices. It is believed that a large portion of crude oil is the source 

of microalgal, especially diatoms which may be an option, considering their lipid and production profiles. 

Photosynthetic algae, both microalgae and macroalgae (i.e., seaweed), have been of great interest as far as 

possible. biofuel utility for decades. Many eukaryotic microalgae have remarkable storage capacity 

amounts of rich energy compounds, such as triacylglycerol (TAG) and starch, can be used in the production 

of many different biofuels, including biodiesel and bioethanol. Remarkable advances in microalgal 

genomics have been achieved over the past decade. Excessive or lowering other genes associated with the 

microalgal body can lead to an increase in biofuel production. 

 

How to Improve the Lipid and Starch Content of Microalgae? 
1. Increase lipid content: 

a. Increase fatty acid synthesis: Fatty acid supply helps determine the regulation of oil synthesis; 

therefore, some efforts have been made to increase the expression of enzymes that are involved in 

the pathways of fatty acid synthesis. 

b. Decrease lipid catabolism: A complementary strategy to increase lipid accumulation is 

decrease lipid catabolism with knockout genes.  

c. Modification of lipid characteristics: Engineering microalgae for the increased production of 

lipids, it is also reasonable to attempt to increase the quality of the lipids, with regard to suitability 

as a diesel fuel feedstock.  

d. Increase fatty acid ester production: Triacylglycerols can be used for the production of 

biodiesel through the creation of fatty acid esters. 

2. Increase starch content: 
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a. Increase glucan storage: The rate- limiting step of starch synthesis is the ADP-glucose 

pyrophosphorylase (AGPase) catalyzed reaction of glucose 1-phosphate with ATP, resulting in ADP-

glucose and pyrophosphate.  

b. Decrease starch degradation: The precise mechanisms of starch catabolism in green 

microalgae are largely unknown but are more widely understood for A. thaliana. Starch can be 

degraded by hydrolytic and/or phosphorolytic mechanisms. 

Case Studies 
Klaitong et al. (2017) observed Accelerated triacylglycerol production and altered fatty acid composition in 

oleaginous microalga Neochloris oleobunduns by overexpression of diacylglycerol acyltransferase 2 in their 

study and results demonstrated that TAG content and productivity was increased by the overexpression of 

enzyme which was being stable for about to 100 generations.  

Fukuda et al. (2018) described Accelerated triacylglycerol production without growth inhibition by 

overexpression of glycerol-3-phosphate acyltransferase in the unicellular red alga Cyanidioschyzon merolae 

to investigate the role of these proteins in TAG accumulation in C. merolae, they constructed FLAG-fused 

CmGPAT1 and CmGPAT2 overexpression strains. They found that CmGPAT1 overexpression resulted in 

marked accumulation of TAG even under normal growth conditions, with the maximum TAG productivity 

increased compared with the control strain, without a negative impact on algal growth.   

Pancha et al. (2019) analyzed over expression of a glycogenin, CmGLG2, enhances floridean starch 

accumulation in the red alga Cyanidioschyzon merolae. Glycogenin is generally required for the initiation 

of starch/glycogen synthesis, in the unicellular red alga Cyanidioschyzon merolae. They confirmed that 

glycogenin, CmGLG2, is involved in the floridean starch synthesis in this alga, since the CmGLG2 

overexpression resulted in twofold higher floridean starch content in the cell. Results of their study 

indicated that both glycogenin isoforms play an important role in floridean starch synthesis in C. merolae, 

and would be a potential target for improvement of floridean starch production in microalgae. 

Conclusion 
With the advancement of technology and tools we can now change genes and change the functions of a 

creature that leads to the full fulfilment of our future goals. Can We produce the most advanced forms of 

microalgae with genetic engineering by introduce the modified gene for regulating microalgal activity and 

metabolism can be excessive either knocking genetics? Stable genetically modified gene can also be 

developed with the help of genetic engineering microalgae by external genes and can survive in different 

stressful situations alike harvest is possible. Can we find the right types of biofuel production after genetics 

microalgae engineering in the future that made all the important features of economic biofuel production? 
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Introduction 
The hidden flow of water in food or other commodities is called Virtual Water. When the goods and services 

are exchanged from one country to another in the form of water  is called Virtual water trade. The concept 

was introduced by John Anthony Allan in 1993 which he received the Stockholm Water Prize for this 

innovative concept in 2009. Its application is more helpful for water scare countries which couldn’t able to 

affordable to produce water intensive crops. When a water scarce country imports one tonne of wheat 

instead of producing it domestically, it is saving about 1,300 cubic meters of real indigenous water which 

can be used for its domestic purpose. It is the trade  of real water from water rich countries to water scarce 

countries. This has obvious strategic implications for countries that are water constrained. The water 

footprint is total consumption of water as measured for the individual consumer, community, nation or 

business. It is estimated that, one cup of coffee needs 140 litres of water. One kg of rice needs 3000 litres 

of water. When the individual is taking one cup of coffee , he is directly consuming 140 litres of water the 

water footprint of a nation is equal to the use of domestic water resources, minus the virtual water export 

flows, plus the virtual water import flows. Analysis of the water footprint of nations illustrates the global 

dimension of water consumption and pollution, by showing that several countries rely heavily on foreign 

water resources and also gives the picture of how much, water is being consumed and polluted elsewhere 

on Earth. 

Components of Water Foot Print 
The concept was created by Dr. Arjen Hoekstra  and established the international organization as the 

foremost research network in the discipline .The water footprint has three components i.e Green, blue and 

grey. Together, these components provide a comprehensive picture of water use by delineating the source 

of water consumed, either as rainfall/soil moisture or surface/groundwater, and the volume of fresh water 

required for assimilation of pollutants  

Blue Water Foot prints is the amount of surface water and groundwater required to produce an item and 

Green Water Footprints is the amount of rainwater required to make an item. While, Grey Water 

Footprints is the amount of freshwater required to dilute the wastewater generated in manufacturing, in 

order to maintain water quality, as determined by state and local standards. 

Ways to Reduce Water Foot Print and Saving Water 
On a relative basis, it is the people of the USA that have the largest water footprint, with 2480 m3/yr per 

capita, followed by the people in south European countries such as Greece, Italy and Spain  with usage of 

2300–2400 m3/yr per capita. 

Water usage is lowest in Mozambique, Rwanda, Haiti, Ethiopia, and Uganda  which uses use 15 litres 

daily. Water covers  70.9 percent of the planet’s surface and 97 per cent of the that water is salt water and 

still 2.1 billion people didn’t have access to safe water. The over use of water foot print may lead to ground 

water depletion and scarcity of water resources. It is responsible of every individual to reduce water foot 

print. 

We can reduce water foot print by practicing regular activities  like turning off the tap while brushing your 

teeth, using water saving toilets, installing a water saving shower head, taking shorter showers, only 

washing your clothes when necessary, fixing household leaks, using less water in the garden and when 

cleaning and not disposing of medicines, paints or other pollutants down the sink. 
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Implications of Virtual Water Trade 
International transfers of water in virtual form are substantial and likely to increase with continued global 

trade liberalization. With the increasing population and increasing demand for food and drinking water 

with the fixed supply of water, the demand management policies have been introduced. Virtual Water has 

been adopted as an alternative or potential alternative water resource   Countries can both import and 

export virtual water through their international trade relations. Globally, the major virtual water exporters 

are USA, China, India, Brazil, Argentina, Canada, Australia, Indonesia, France and Germany and the 

major virtual water importers are the USA, Japan, Germany, China, Italy, Mexico, France, the UK and the 

Netherlands. The biggest net virtual water importers are North Africa and the Middle East, Mexico, 

Europe, Japan and South Korea.  About   67 percent  of the global virtual water trade is related to trade of 

crops ,  23 percent  is related to trade of livestock and livestock products while 10 percent  is related to 

trade of industrial products. 

Case of India 
India exported 26,000 million litres of virtual water on an average every year. Rice was the highest exported 

food product, followed by buffalo meat and maize. Increased water extraction for export from relative dry 

areas affects local ecosystems and communities. Though it is earning good income by exporting but at the 

same time, India is losing water through trade, which is alarming concern for  Policy maker. 

Trade War Between USA and China 
The trade war between the two countries since 2018 and the imposition of tariffs led to a change in the 

water balance between the two countries. China continues high exports of hidden water in crops, textiles, 

machinery and livestock. China further stopped importing soya bean from the US in November 2018, 

leading to American farmers suffer in US$1.8 billion in losses. This also translated to 5.08 billion cubic 

metres of virtual water not received by China. 

Conclusion 
The concept of virtual water helps us realize how much water is needed to produce different goods and 

services. In semi-arid and arid areas, knowing the virtual water value of a good or service can be useful 

towards determining how best to use the scarce water available. At the Local level , by importing virtual 

water, local water can be saved. The water thus saved can be used for other industrial or construction 

purposes. Thus, employment opportunities can be increased. At the country level, virtual water has a 

strategic dimension, both for the countries that import and for those that export it. Virtual water trade 

through appropriate and fair-trade agreements should be encouraged to promote water savings and 

enhance food security. Over exporting of virtual water and over using of water foot prints may lead to 

scarcity of water resources and ends with trade war in long run. 
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The Rashtriya Krishi Vikas Yojana was introduced with an aim to provide support to the agricultural sector 

in achieving 4% annual agriculture growth. RKVY scheme was launched in the year 2007 which was later 

rebranded as Remunerative Approaches for Agriculture and Allied sector Rejuvenation (RAFTAAR) to be 

implemented for three years till 2019-20 with a budget allocation of Rs 15,722 crore. In a meeting held on 

29th May 2007, the National Development Council (NDC), resolved the idea of launching a Central 

Assistance Scheme (RKVY) concerned by the slow growth in the Agriculture and allied sectors. The NDC 

also aimed at the reorientation of the agricultural development strategies in order to meet the needs of 

farmers. The scheme provided considerable flexibility and autonomy to States in planning and executing 

programmes for incentivising investment in agriculture and allied sectors. 

The scheme facilitated decentralized planning in the agricultural sector through the initiation of the State 

Agriculture Plan (SAP) and District Agriculture Plans (DAPs). The scheme was based on the agro-climatic 

conditions ensuring the availability of appropriate technology and natural resources thus providing 

accommodation for the local needs. 

The main objective of Rashtriya Krishi Vikas Yojana is to develop farming as a main source of 

economic activity. Some of the objectives also include: 

1. Risk mitigation, strengthening the efforts of the farmers along with promoting agri-business 

entrepreneurship through the creation of agri-infrastructure. 

2. Providing all the states with autonomy and flexibility in making plans as per their local needs. 

3. Helping farmers in increasing their income by encouraging productivity and promoting value chain 

addition linked production models. 

4. To reduce the risk of farmers by focusing on increasing the income generation through mushroom 

cultivation, integrated farming, floriculture, etc. 

5. Empowering the youth through various skill development, innovation and agri-business models. 

Some of the major sub-schemes that are implemented under RKVY-Raftaar are Accelerated Fodder 

Development Programme (AFDP), Saffron Mission, Crop Diversification Programme (CDP), etc. 

The RKVY – Raftaar covers all the major sectors of the country which include: 

a. Crop Cultivation and Horticulture. 

b. Animal Husbandry and Fisheries. 

c. Dairy Development, Agricultural Research and Education. 

d. Forestry and Wildlife. 

e. Plantation and Agricultural Marketing. 

f. Food Storage and Warehousing. 

g. Soil and Water Conservation. 

h. Agricultural Financial Institutions, other Agricultural Programmes and Cooperation. 

Regular RKVY-RAFTAAR: 70% of annual outlay will be allocated among States as per criteria under 

following heads. 

a. Infrastructure and assets- 50% (of 70%) of regular RKVY-RAFTAAR outlay-pre-harvest 

infrastructure- 20%, post-harvest infrastructure- 30% 
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b. Value addition linked production projects (agribusiness models) that provide assured/ additional 

income to farmers including Public Private Partnership for Integrated Agriculture Development 

(PPPIAD) projects- 30% (of 70%) of regular RKVY outlay. 

c. Flexi funds- 20% (of 70%) of regular RKVY-RAFTAAR outlay. States can use this fund for 

supporting any projects as per their local needs preferably for innovative activities in agriculture 

and allied sectors. 

RKVY-RAFTAAR special sub-schemes: 20% of total annual outlay - based on national priorities as 

notified by Govt. of India from time to time for development of region and problem specific areas. 

Innovation and agri-entrepreneur development: 10% of annual outlay-for encouraging innovation 

and agri-entrepreneurs through skill development and financial support. It will support incubatees, 

incubation centers, KVKs, awards etc. These funds will be with Central Govt. (DAC&FW) including 2% of 

administrative costs at the Centre. In case the funds not utilized, it will be diverted to regular RKVY & 

sub-schemes. 

Ministry of Agriculture funding start-ups under the innovation and agripreneurship component of 

Rashtriya Krishi Vikas Yojana in 2020-21. A component, Innovation and Agri-entrepreneurship 

Development programme has been launched under Rashtriya Krishi Vikas Yojana in order to promote 

innovation and agripreneurship by providing financial support and nurturing the incubation ecosystem. 

These start-ups are in various categories such as agro-processing, artificial intelligence, digital agriculture, 

farm mechanisation, waste to wealth, dairy, fisheries etc. 

The Following are the Components of this Scheme 
1. Agripreneurship Orientation: 2 months duration with a monthly stipend of Rs.  10,000/- per month.  

Mentorship is provided on financial, technical, IP issues etc. 

2. Seed Stage Funding of R-ABI Incubatees: Funding upto Rs. 25 lakhs (85% grant & 15% contribution 

from the incubatee). 

3. Idea/Pre-Seed Stage Funding of Agripreneurs: Funding up to Rs. 5 lakhs (90% grant and 10% 

contribution from the incubatee). 

Conclusion 
By incorporating a new component of agripreneurship, RKVY would be in line with the government’s aim 

of doubling farmer’s income as well as increasing agricultural productivity. 
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Contract farming arrangements of different types have existed in various parts of the country for centuries 

for both subsistence and commercial crops. The commercial crops like sugarcane, cotton, tea, coffee etc.  

Even in the case of some fruit crops and fisheries, contract farming arrangements, involving mainly the 

forward trading of commodities have been observed.  However, in the wake of economic liberalization, the 

concept of contract farming in which national or multinational companies enter into contracts for 

marketing of the horticultural produce and also provide technologies and capital to contract farmers has 

gained importance.  

According to this, bipartie agreements are made between the farmer and the company and the latter 

contributes directly to the management of the farm through input supply as well as technical guidance and 

also markets the produce. 

The Main Features Contract Farming are as Follows 
1. The selected crops are grown by farmers under a buy back agreement with an agency engaged in trading 

or processing.   

2. In such cases, the centralized processing and marketing agencies supply technology and resources, 

including planting materials and occasional crop supervision.   

3. Under such contracts, the farmer assumes the production related risks, which the price risk is 

transferred to the company.   

4. In some cases, the company also bears the production risk, depending on the stage of crop growth at 

which the contract is made.  

5. If the contract is made at flowering or fruiting stage, the company bears the production risks also.   

6. In any case, the company bears the entire costs of transaction and marketing.   

7. It is this variant of contract farming which is said to be one of the ways by which small farmers can 

participate in the production of high value crops like fruits, vegetables, flowers etc. and benefit from market 

led growth.   

How Can Small Farmers Benefit from Contract Farming? 
1. Small farmers in India are generally capital starved and cannot make major investment in land 

improvement and modern inputs.  

2. Contract farming can fill up this gap by providing the farmers with quality inputs, technical guidance 

and management skills.   

3. Although the company deals only with the contract crop, the farmers' overall management skill may 

improve, thereby helping him to raise the yields of both contract and non-contract crops.   

4. From the standpoint of corporate bodies, farming reduces the supply risk, while the farmers enter into 

contractual arrangements with companies in order to minimize price risks.   

5. The company and the farmers enter into contracts to supply or purchase a specified quantum of the 

commodity at agreed prices.   

6. The agreed contract may be either formal or informal and may cover supply of inputs and marketing of 

output.   

7. By entering into contract, the company reduces the risk of non-availability of raw material and the 

farmer reduces the risk of market demand and prices of his produce.  

8. The inputs and services supplied by firms may include seeds, fertilizers, pesticides, credit, farm 

machinery, technical advice, extension etc., or may involve only the supply of hybrid seeds and marketing 

of produce. 
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APMC Act and Contract Farmers 
The Model Agricultural Produce Marketing (Regulation) Act circulated by the Central Government to the 

States in 2003 for implementing marketing reforms has provisions for the registration of contract farming 

sponsors and recording of contract farming agreements with the Agricultural Produce Marketing 

Committee (APMC) or a prescribed authority under the Act, protection of title or rights of the farmers over 

the land under such contracts, dispute settlement mechanism and a model draft agreement suggesting 

various terms and conditions. To help States in the formulation of Rules in this regard, the Ministry of 

Agriculture has also circulated a set of Model APMC Rules to them for adoption. By now, relevant 

provisions have been made by several State Governments/ UTs in their respective APMC Acts for providing 

a legal framework to contract farming. 

Success Stories of Contract Farming in India 
1. Contract farming is becoming an increasingly important aspect of agribusiness, whether products are 

purchased by multinationals or by smaller companies. 

 

2. There are few success stories on contract farming such as Pepsico India in respect of potato, tomato, 

groundnut and chili in Punjab, Safflower in Madhya Pradesh, oil palm in Andhra Pradesh, seed production 

contracts for hybrids seed companies etc. which helped the growers in realization of better returns for their 

produce. 

3. Other success stories of contract farming are Amul and NDDB for milk procurement, sugarcane 

cooperative in Maharashtra, and prawn-acqua culture in Andhra Pradesh. 

4. In our country this approach has considerable potential where small and marginal farmers can no longer 

be competitive without access to modern technologies and support. The contractual agreement with the 

farmer provides access to production services and credit as well as knowledge of new technology. Pricing 

arrangements can significantly reduce the risk and uncertainty of market place. 

Issues with Contract Farming in India? 
1. Studies have highlighted a significant problem in some cases wherein both firms and farmers breached 

contracts when market conditions provided arbitrage opportunities. Firms rejected more contracted 

produce on quality grounds when market prices dipped below contracted prices and farmers engaged in 

side-selling in open markets when market prices rose higher than contract prices. 

2. Companies prefer medium and large farmers because of transaction costs. They want farmers to dedicate 

a minimum acreage, say, five acres [one acre is 0.4 hectare] of land, to the contract crop. In India, 85 per 

cent of the farmers are marginal or small, operating less than two acres. In fact, 66 per cent operate less 

than one acre each. How many will have such land to give for contract crops? 

3. Contract farming can work if there is a collectivization of small farmers. For instance, 10 to 15 farmers 

get together, form a group, and sign a group contract. It brings down the transaction costs, the farmers are 

better protected, and it is essentially a win-win situation for both the farmer and the corporate. It has been 

successful in Thailand. In fact, the Thai government planned it out and made it a part of the country’s 

national development plans. 
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How can Contract Farming be Successful? 
1. It will work if the farmers have better bargaining power.  

2. They have to be legally protected.  

3. Furthermore, in contract farming, it is extremely important to understand the contracting operations.  

4. The terms and conditions of the contract are crucial.  

5. It has been found that quite often the farmer had not even seen the contract and did not know what the 

terms and conditions were.  

6. The contracts need to be more transparent. 
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Abstract 
Agricultural contribution to GDP is comparatively less and reducing over a period of time from 23.4% in 

Ninth Five Year Plan to 17.32% in Twelfth Five Year Plan. Rapid growth is very necessary to attain 

inclusive growth since a major source of livelihood is Agriculture in India. Employment share of agriculture 

has been reduced from 64.8% in the year 1993-94 to 48.9% in the year 2011-12 (CSO). There is a vital need 

to look at agriculture in terms of doubling the income of farmers. In India the availability and affordability 

of chemical fertilizers at the farm level have been ensured majorly through imports and subsidies. Today, 

biofertilizers have emerged as a highly potent alternative to chemical fertilizers due to their eco-friendly, 

easy to apply, non-toxic and cost-effective nature. Also, they make nutrients usable for plants that are 

naturally abundant in soil or atmosphere and act as supplements to agrochemicals.  

Keywords: biofertilizers, chemical fertilizers, eco-friendly, doubling farmers income. 

Introduction 
Bio-fertilizers being essential components of sustainable farming play vital role in maintaining long term 

soil fertility and sustainability of crop production. In addition to this biofertilizers also improve the yield 

and quality of the crops. Looking to the importance of biofertilizers it used as a one of the components in 

doubling farmer‘s income. Biofertilizers are noble tool for modern agriculture in combination with other 

manures and fertilizers, it plays an important role in doubling farmers income by improving productivity 

and quality of crop, nutrient uptake by crop, soil nutrient status, WUE, FUE and ultimately, it reduces the 

cost of production. 

DFI Concept and its Evolution 
1. Inception: Our Hon’ble Prime Minister Narendra Modi expressed his desire of doubling farmers’ income 

(DFI) by the year 2022, while addressing a farmers’ rally in Bareilly, U.P., on February 28, 2016. “I wish 

to double the income of farmers by 2022 when India will celebrate 75 years of its Independence.” 

2. Required agril. growth rate: For DFI in 2022, an annual growth of 10.46 per cent every year (2016-

2022) is required, (whereas, agri. growth rate was at 2.1% in 2017-2018). 

Seven-Point Strategy to Double the Income of Farmers 
1. Big focus on irrigation with large budgets, with the aim of “per drop, more crop”. 

2. Provision of quality seeds and nutrients based on soil health of each field. 

3. Large investments in warehousing and cold chains to prevent post-harvest crop losses. 

4. Promotion of value addition through food processing. 

5. Creation of a national farm market, removing distortions and e-platform across 585 stations. 

6. Introduction of a new crop insurance scheme to mitigate risks at affordable cost. 

7. Promotion of ancillary activities like poultry, beekeeping and fisheries. 

Approach for Doubling Farmers’ Income 
Strategies % increase in farmers’ income 

Govt. policies and Development of Infrastructure 30-35 

Productivity improvement 30-35 

Cost optimization 10-20 

Value addition & Minimization of PHL 20-30 

Promotion of ancillary activities 10-15 
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Poultry, Beekeeping, Goat rearing, agroforestry and 

fisheries 

 100 

Biofertilizers 
1. Biofertilizers are defined as preparations containing living cells or latent cells of efficient strains of 

microorganisms. 

2. That help crop plants uptake of nutrients by their interactions in the rhizosphere when applied through 

seed or soil. 

 
3. They accelerate certain microbial processes in the soil which augment the extent of availability of 

nutrients in a form easily assimilated by plants. 

Importance of Biofertilizer 
1. Fix atmospheric nitrogen, solubilize and mobilize the soil nutrients.   

2. Replace 20-25% chemical fertilizers.   

3. Increase the yield by 10-25%. 

4. Decompose plant residues. 

5. Improve physicochemical properties of soil. 

6. Improve WUE and FUE.  

7. Stimulates plant growth by secreting growth hormones. 

8. Secrete antibiotic and fungistatic like substances. 

9. Eco-friendly, non-toxic and cost effective. 

How Biofertilizers Help in Doubling Farmers Income 
1. Increase’s yield and  improve quality of crop. 

2. Reduce the need of chemical fertilizers.  

3. As it is a low-cost input it reduces the cost of production. 

4. Improves nutrient uptake and soil health and WUE. 

Microbial Biofertilizers 
1. Rhizobium. 

2. Azotobacter.  

3. Azospirillum.  

4. Blue green algae. 

5. Azolla.  

6. Phosphate-solubilizing micro-organisms. 

7. Mycorrhiza fungi. 

8. K-solubilising and mobilising micro-organisms. 

Rhizobium 
1. Rhizobium is symbiotic in nature, fix atmospheric nitrogen 50-300 kg/ha in association with legumes. 

2. It can increase yield up to 10-35%.  
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3. It colonizes the roots of specific legumes to form tumor like growth called root nodules, which acts as 

factories of ammonia production. 

Azotobacter 
1. These are non-symbiotic free living aerobic bacteria.  

2. Azotobacters are present in neutral or alkaline soils and A. chroococcum is the most commonly occurring 

species in arable soils.  

3. They improve seed germination, plant growth and inhibit the growth of pathogenic fungi.  

4. It can fix N up to 25 kg/ha and increase yield up to 50%. 

Azospirillum 
1. These will form symbiotic association   with many plants. 

2. In addition to their N fixing ability of about 20-40 kg/ha, they also produce growth regulating substances. 

3. They do not produce any visible nodules or out growth on root tissue.  

4. It is mainly recommended for maize, sugarcane, sorghum, pearl millet etc.  

5. Blue Green Algae (Cyanobacteria) are photosynthetic, free living which fix nitrogen asymbiotically but 

some cyanobacteria are known to form symbiotic associations. 

6. Cyanobacteria produce nitrogenase and nitrogen fixation occurs in specialized structure called 

heterocyst. 

Cyanobacteria 
Blue Green Algae (Cyanobacteria) are photosynthetic, free living which fix nitrogen asymbiotically but 

some cyanobacteria are known to form symbiotic associations. Cyanobacteria produce nitrogenase and 

nitrogen fixation occurs in specialized structure called heterocyst. 

Azolla 
1. Azolla is a free-floating water fern that fixes atmospheric nitrogen in association with nitrogen fixing 

blue green algae Anabaena azollae. 

2. It is used as biofertilizer for wetland rice and it is known to contribute 40-60 kg N/ha.  

3. Azolla can be applied as green manure by incorporating in the fields prior to rice planting. 

Phosphate Solubilizing Microorganisms (PSM) 
1. Several soil bacteria and fungi solubilize insoluble inorganic phosphate compounds into available form. 

2. Inoculation of seeds with PSB reduce 50 per cent of the need for phosphatic fertilizers. These can be used 

for most of the crops. 

AM Fungi 
1. The term Mycorrhiza was coined by Frank in 1885. It is the symbiotic association between plant roots 

and soil fungus. There are two types of Mycorrhiza.  

2. Ectomycorrhizae (external), the fungus produces a sheath or mantle around the root. This sheath then 

produces hyphae that grow into the root and out into the soil. 

3. Endomycorrhizae (internal) do not produce a mantle; the hyphae grow within the cells and out into the 

soil. 

Potassium Biofertilizers 
1. K-solubilizing microorganism (KSMs): These are rhizospheric microorganism which solubilizes the 

insoluble potassium (K) to soluble forms of K for plant growth and yield. Ex. Bacterial strains: Bacillus 

mucilaginosus, Bacillus edaphicus, Bacillus circulans, Acidothiobacillus ferrooxidans, Paenibacillus sp.               

Fungal strains: Aspergillus terreus and Aspergillus sp. 

2. K-mobilising microorganism (KSMs): Ex. Bacterial strains: Frateuria aurentia. Fungal strains: 

Pisolithus sp. 
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Method of Application 
1. Seed treatment: One packet of the inoculant is mixed with 200 ml of rice kanji to make slurry. One 

packet of the inoculant (200 g) is sufficient to treat 10 kg of seeds. 

2. Seedling root dip: Two packets of the inoculant are mixed in 40 litres of water. The root portion of the 

seedlings required for an acre is dipped in the mixture for 5 to 10 minutes and then transplanted.  

3. Main field application: Four packets of the inoculant are mixed with 20 kg of dried and powdered farm 

yard manure and then broadcasted in one acre of main field just before transplanting. 

Precautions that Should take while Using Biofertilizers 
1. Biofertilizer packets need to be stored in cool and dry place also away from direct sunlight and heat.  

2. As Rhizobium is crop specific, one should use for the specified crop only.  

3. Other chemicals should not be mixed with the biofertilizers.  

4. The packet has to be used before its expiry, only for the specified crop and by the recommended method 

of application.  

5. Both nitrogenous and phosphatic biofertilizers are to be used to get the best results.  

6. It is important to use biofertilizers along with chemical fertilizers and organic manures. 

Conclusion 
Looking to the foregoing reviews, it can be concluded that biofertilizers are noble tool for modern agriculture 

in combination with other manures and fertilizers, it plays an important role in doubling farmers income 

by improving productivity and quality of crop, nutrient uptake by crop, soil nutrient status, WUE, FUE 

and ultimately, it reduces the cost of production. 
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Abstract 
Several medicinal plants that are useful in curingailments since earlier times are now being cultivated in 

the fields to meet the growing demand of pharmaceutical industries. However, like other plants, medicinal 

plants too are attacked by different pests and pathogens that limit the thriving cultivation of the crops. 

This requires proper management of insects and diseases which can be done using several traditional, 

biological, physical or chemical methods. Nonetheless since chemical methods are expensive and harmful, 

more focus should be given to biological and integrated management.  

Introduction 
At present times, cultivation of medicinal plants is substantially growing in order to meet out the rising 

demand of the pharmaceutical industries. India has expanded a large sum of area for the cultivation of 

medicinal plants. Extensive area is used for ashwagandha cultivation in Madhya Pradesh and Rajasthan. 

Gujarat covers a great area in cultivation of coleus, isabgol and to some smaller extent for periwinkle 

cultivation. Similarly, Karnataka is dedicated towards cultivation of coleus and periwinkle. Tamil Nadu is 

focused on periwinkle cultivation while Madhya Pradesh, Uttar Pradesh and Rajasthan are dedicated for 

cultivation of opium poppy. Sarpagandha is grown at outsized amounts in Madhya Pradesh, Uttar Pradesh, 

West Bengal and Orissa. Larger the area dedicated for cultivation of medicinal, greater is the risk of attack 

by several insect, pests and pathogens that cause substantial damage and limit the successful cultivation 

of the medicinal crops. Therefore, in order to protect these crops from pathogens, several physical, biological 

and chemical methods are employed. 

Insect and Disease Management of Few Common Medicinal Plants 
1. Aloe vera (L.) (Aloe): 

Insect: Biological control: All insects infecting aloe can be successfully controlled by using juice of 

raw garlic orneemseed kernel oil(NO) containing 10,000 ppm of Azadirachtin (AZ) at 2–3ml/litre or 

tobaccodecoction at 20 ml/l.  

Disease: 

Soft root rot: Caused by a bacterium, Pectobacteriumchrysanthemiand it can be 

significantly reduced in the field by using defatted neem cake 5% @ 4 q/ha incorporated into 

soil before planting and also dipping the seedlings in a solution of 0.3%copper oxychloride 

50WP+0.05% streptocycline (streptomycin sulphate + chlortetracycline hydrochloride). 

2. Asparagus racemosus Wild (Asparagus / Shatavari):  

Insects: 

Biological control: Foliar sprays of 0.2% Neem oil (NO) repeatedly for every two weeks 

until the disappearance of pests is useful against grasshoppers and larvae of army worm or 

swarming caterpillar. 

3. Ocimum sanctum L. (Holy basil): 

Insects: 

Biological control: Holy basil is often attacked by nymphs and adult tinged bugs. Foliar 

spraysof 0.2%Neem oil (NO) or neem products containing 1,000 ppm of Azadirachtin (AZ) @ 

5 ml/litre,repeatedlyfor two weeks till disappearance of pests.  

Diseases: 
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Root rot: caused by fungus Rhizoctoniasolaniand can be controlled by seed treatment using 

tolclofos-methyl (50SC) at3 g/kg.  

Leaf blight: caused by Alternariasp. and can be controlled with Bordeaux mixture(1%)  

Wilt: caused by Fusariumoxysporum, to control this seedling should be dipped in mercurial 

fungicide Agallol-3 (0.25% watersolution) at the time of transplanting. 

4. Plantagoovata (Isabgol): 

Insects: 

Biological: Seed treatment using neemleaf powder (NLP) at 1% and subsequently using 

foliar sprays of neem leaf extract (NLE) in water at 10% can control aphids. Two sprays of 

0.025% oxydemeton-methyl (25EC) can control A. gossypiiandincrease crop yield. 

5. Rauvolfiaserpentina (L.) (Serpentine/Sarpagandha): 

Insects: 

Integrated: Black cutworms attack young serpentine plants and also feed upon tender 

seedlings. To control this rare pest, an integrated strategy includes deep ploughing in 

summers that exposes larvae and pupae to avain predators. Additionally, 1–2 light traps/ha 

or 20 pheromone traps/ha can be used to trap moths. Drenching collar region of plants in the 

evening with chlorpyriphos (20EC) solution at 2ml/l can also be used to kill larvae. 

Disease: Seed borne fungal spots caused by A. alternate can be controlled by treating seeds 

(2 g/kg) with mancozeb (75WP) or propineb (70WP). 

6. Withaniasomnifera (L.) Dunal (Indian ginseng/Ashwagandha): 

Insects: 

Cutworms affecting ashwagandha can successfully be controlled by integration of 

techniques like hand picking of larvae, luring them using poison baiting and then kill them 

and by spraying of 5% neem seed kernel extract (NSKE) at 500 l/ha.  

Red spider mite is a major pest that attacks young shoots.  5% cow urine, 2% NO, 5% 

NSKE, 5% M. pinnata seed extract, 5% Daturastramonium L. leaf extract, 5% 

Calotropisprocera (wild.) leaf extract, 0.05% dicofol (18.5EC) and 0.05% ethion(50EC) can be 

used as a control.  

Mealy bug & epilachna beetle: Significant reduction in damage caused by mealy bug and 

epilachna beetle can be done using NO (3%) in a mixture of farm yard manure (FYM) (12.5 

t/ha) and a commercialbiofertilizer viz. Azophos (consisting of a mixture of azospirillum and 

phosphobacteria) at 2 kg/ha incorporated into soil. 

Table 1 Methods of controlling diseases in medicinal plants: 

Controlling Techniques  Methods involved  

Traditional  Altering sowing and harvesting time, maintaining storage conditions, 

using trap crops and resistant varieties, intercropping, crop-rotation  

Physical  Mechanical control of physical factors like temperature, moisture, etc. 

Biological  Using microorganisms having potential of killing/inhibiting other 

organisms, pheromones, genetic manipulations, bio-agents  

Chemical  Pesticides, herbicides, insecticides  

Conclusion 
It is quite common for the medicinal plants like all other plants to be affected by insect, pests and other 

disease-causing microbes. However, there are several treatment and management methods for all kinds of 

diseases. Since chemical treatments have major drawbacks of being expensive and harmful to environment, 

the farmers must switch to biological methods of management or integrated management. Commercial 

products derivative of neem leaf or kernels are common in use for managing pests, nematodes and diseases. 

Botanical products containing neem and/or pungam as major constituents could be applied as sprays. These 

formulations are available in liquid (EC) or powder (WP) form. Soap formulations of natural substances 

can also be used. Eco-friendly, non-chemical methods like application of neem oil (3%) or neem seed kernel 

extract (5%) could greatly reduce the incidence of sucking pests. Besides, bio-agents can also be used for 
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protecting plants. For instance, bacterial biopesticides (like Bacillus thuringiensis) are used for caterpillar 

pests. Extensive studies on this context however required. 
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Introduction 
India is being an agriculturally based country. The population of the country is increasing in every year. 

To feed the ever-growing population in the country, agricultural production and productivity has to be 

doubled. In order to increase the production and productivity, soil fertility and nutrient availability at 

specific growth stages of the crop is essential. In agricultural eco-system, microorganisms have played vital 

role in fixing/ solubilizing/mobilizing and for nutrient recycling in the soil. The soil microbial population 

decreased due to application of more synthetic fertilizers. In order to increase the microbial load in the 

rhizosphere soil application of biofertilizers along with synthetic fertilizers may help directly or indirectly 

thus enrich soil fertility. The desired microbes from rhizosphere are isolated and artificially cultured in 

adequate count and mixed with suitable carriers or as they are in suitable combinations by artificial 

culturing. These are known as biofertilizers or microbial inoculants. (Pindi et al., 2012). Liquid biofertilizer 

formulation is the promising and updated technology of the conventional carrier-based production 

technology. The use of this liquid biofertilizer is environmentally friendly and the use of chemical fertilizer 

directly reduced up to 15 to 40% (Verma et al., 2018).  

Liquid Biofertilizers 
Liquid biofertilizers are the microbial preparations containing specific beneficial microorganisms which are 

capable of fixing or solubilizing or mobilizing plant nutrients by their biological activity. Liquid bio-

fertilizers are easy to use, handling and storage, the dosage is ten times less than that of powder form, it 

can be packed in different volumes and save carrier materials. 

 
Liquid biofertilizers 

Advantages of Liquid Bio-Fertilizer 
The advantages of Liquid Bio-fertilizer over conventional carrier-based Bio-fertilizers are listed below: 

1. Longer shelf life up to two years. 

2. No contamination. 

3. No loss of properties due to storage up to 45 ºC. 

4. High moisture retaining capacity. 

5. High combating ability with native populations. 

6. High populations can be maintained more than 109 cells/ml up to two years. 

7. Easy identification by typical fermented smell. 

8. Cost saving on carrier material, pulverization, neutralization, sterilization, packing and transport. 
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9. Quality control protocols are easy and quick. 

10. Better survival on seeds and soil. 

11. Farmers friendly. 

12. Dosages is 10 time less than carrier-based powder Bio-fertilizers. 

13. High commercial revenues. 

14. High export potential. 

15. Very high enzymatic activity with no contamination. 

Classification of Liquid Biofertilizers 
They are broadly classified into four groups: 

1. Nitrogen Fixing Microbes (NFM). 

2. Phosphorus Solubilizing Microbes (PSM). 

3. Phosphate Mobilizing Microbes (VAM). 

4. Potash Mobilizing Microbes (Frateuria aurentia). 

Method of Application of Liquid Bio-Fertilizer 
There are three ways of using Liquid Bio-fertilizers: 

1. Seed treatment. 

2. Seedling treatment / Root dipping. 

3. Soil application. 

 
Method of application of liquid Bio-fertilizer 

Dosage of Liquid Bio-Fertilizers in Different Crops 
Recommended Liquid Bio-fertilizers and its application method, quantity to be used for different crops are 

as follows: 

Crop Rec. Bio-fertilizer Application method Quantity to be used 

Pulses Chickpea, pea, 

Groundnut, Soybean, 

beans, Lentil, Lucerne, 

Berseem, Greengram, 

Blackgram, Cowpea and 

Pigeon pea 

Rhizobium Seed treatment 200ml/ac 

Cereals –   Rice,Wheat, 

Oat, barley 

Azotobacter/ 

Azospirillum 

Seed treatment 200ml/ac 

Oil seeds – Mustard, 

Sesamum, Linseeds,      

Sunflower, Castor 

Azotobacter Seed treatment 200ml/ac 

Millets – Pearl millet, 

Finger millet, Kodo 

millet, Maize and 

Sorghum 

Azotobacter Seed treatment 200ml/ac 
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Forage crops and Grasses 

–  Bermuda grass, Sudan 

grass, Napier Grass , 

Para Grass, Star Grass  

Azotobacter Seed treatment 200ml/ac 

 Plantation Crops- 

Tobacco 

Azotobacter Seedling treatment 500ml/ac 

Tea, Coffee Azotobacter Soil treatment 400ml/ac 

Rubber, Coconut Azotobacter Soil treatment 2-3 ml / plant 

Leguminous plants/ trees Rhizobium Soil treatment 1-2 ml / plant 

Conclusion 
Liquid Bio-fertilizers have a distinct advantage in terms of cost saving on chemical fertilizers in addition 

to yield advantage. Liquid biofertilizer of course have the capacity to replace the traditional chemical 

fertilizers and carrier based biofertilizers and plays a major role in restoring the soil health. These liquid 

formulations facilitate long shelf life (up to 2 years), minimum contamination, carrier free activity, 

handling comfort, storage and transport convenience, easy quality control, enhanced export potentials and 

are preferred by the farmer community as well as manufacturers. 
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Introduction 
Biochar, a carbon-rich by-product of thermo chemical conversion, is now considered as potential soil 

ameliorant worldwide. It has received immense global importance as an organic amendment in the field of 

sustainable agricultural waste management for soil improvement, C accretion and environmental 

management. Natural organic biomass burning creates black carbon which forms a considerable proportion 

of the soil’s organic carbon. Due to black carbon’s aromatic structure, it is recalcitrant and has the potential 

for long-term carbon sequestration in soil. The intensification of agricultural production on a global scale 

is necessary to secure the food supply for an increasing world population. The incorporation in soils 

influences soil structure, texture, porosity, particle size distribution and density. The molecular structure 

of biochar shows a high degree of chemical and microbial stability. A key physical feature of most biochar 

is its highly porous structure and large surface area. This structure can provide refugia for beneficial soil 

micro-organisms such as mycorrhizae and bacteria and influences the binding of important nutritive 

cations and anions. This binding can enhance the availability of macro-nutrients such as N and P. Biochar 

can be produced by “burning” organic matter under low oxygen (pyrolysis). Principally biochar is produced 

through various thermo chemical conversion methods such as low pyrolysis, fast pyrolysis, gasification, 

and torrefaction, under different process parameters. The potential importance of biochar soil incorporation 

on mycorrhizal fungi has also been noted with biochar providing a physical niche devoid of fungal grazers. 

Improvements in soil field capacity have been recorded upon biochar additions.  

Definition 
Biochar is a fine-grained, carbon-rich, porous product remaining after plant biomass has been subjected to 

thermo-chemical conversion  process (pyrolysis) at temperatures ~350–600°C in an environment with  little 

or no oxygen. It is also Called black gold of agriculture. 

Why Need Biochar in Agriculture? 

 
Fig:1. Applications of biochar and their effect on soil properties 
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1. To improve soil physical properties 

2. Enhances nutrient use efficiency and microbial activity 

3. To enhance soil and water conservation  in rainfed areas 

4. Minimize reliance on external amendments for ensuring sustainable crop production 

5. Mitigation of greenhouse gas emissions by avoiding direct crop residue burning by farmers 

6. Decreased nitrous oxide and methane emissions from soils 

7. Provides alternative for slash-and burn agriculture. 

Biochar application can be a means of not only sequestering carbon in the soil but also returning essential 

organic matters lost with biomass removal from agro- and forestry systems for energy production. On the 

other hand, soil application of biochar can permanently appropriate C in the soil and reduce net emissions 

of carbon dioxide gas improve crop productivity through enhanced physio-chemical and biological 

properties, nutrient release pattern, reduce denitrification and soil pollutants. Biochar has the capacity to 

produce revenue and boost the sustainability of agriculture and environment. The agricultural and bio 

energy industries will be reluctant to pay for biochar until its precise effects on soil properties and crop 

production. 

 
Fig:2. Systematic recycle of biochar in the environment 

The global potential of biochar reaches far beyond slash and char. More information is needed on the 

agronomic potential of biochar, the potential to use alternative biomass sources (crop residues) and the 

production of by-products to evaluate the opportunities for adopting a biochar system on a global scale. 

Biochar as soil amendment needs to be studied in different climate and soil types. Today, crop residue 

biomass represents a considerable problem as well as new challenges and opportunities. A system 

converting biomass into energy (hydrogenrich gas) and producing biochar as a by-product might offer an 

opportunity to address these problems. Biochar can be produced by incomplete combustion from any 

biomass, and it is a by-product of the pyrolysis technology used for biofuel and ammonia production. The 

acknowledgment of biochar as a carbon sink would facilitate C-trading mechanisms. 

Future Challenges of Biochar 
1. Most of the studies have worked out under short-term and laboratory condition. Therefore, long-term 

field trials of biochar need to be conducted. 

2. Due to the presence of wide variety of biochars and lack of standardization among the recently available  

biochars, it leads to create so many conflicts about the application of biochar. Hence, a firm definition and 

standardization of proper and good biochar, needs to be developed. 

3. Thorough trade-off analyses are required to establish the application of proper biochar into proper soil 

and for proper crops. 

4. Under field condition, the economic and logistical feasibility of biochar treatment should be established. 
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Conclusion 
The biochar by product of this process could serve to recycle nutrients, improve soils and sequester carbon. 

The application of biochar will improve the soil physical, chemical and biological properties. Agricultural 

and forestry wastes add a conservatively estimated 0.16 Pg C yr.−1. If the demand for renewable fuels by 

the year 2100 was met through pyrolysis, biochar sequestration could exceed current emissions from fossil 

fuels (5.4 Pg C yr.−1). The described mixture of driving forces and technologies has the potential to use 

residual waste carbon-rich residues to reshape agriculture, balance carbon and address nutrient depletion. 
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Introduction 
Home garden is also called kitchen garden. The practice of home garden has been in practice since ancient 

times.  In the village, people used to build a small house garden around their courtyard or behind the house, 

due to which it is being seen vary widely in the cities as well, it is very important to have balanced nutrition 

in the daily diet for good health.  It is because adulteration in different types of diets and the use of 

pesticides made in the field is very harmful for our health. Fruits and Vegetables make their important 

contribution in maintaining good health and balance of our body so that Vitamin mineral in our body, 

carbohydrates, fats and bread turned out to be good sources so that we all remain healthy.  Regular 

availability of fruits and vegetables should be maintained, so that the house is small and small near big.  

Home garden should be maintained from time to time so that problems and diseases like water logging 

should be properly managed. From this house garden, daily needs can be fulfilled by producing healthy 

mother and quality favourite fruits and vegetables.  

Need of Balanced Diet Per Person Per Day 
According to Indian Council of Medical Research, for balanced diet, an adult person should consume 120 

grams of fruits and 300 grams of vegetables per day. 125 grams of green leafy vegetables, 100 grams of root 

vegetables and 75 grams of all other types of vegetables should be consumed. 

Availability of Balanced Diet Per Person 
At present, the availability of fruits is 85 grams and the availability of vegetables is 145 grams per person. 

Fruits and vegetables are a protected diet that protects us from diseases. It is very important for humans 

to eat fruits and vegetables in the diet in addition to cereal pulses milk every day, because vitamins and 

minerals are found in sufficient quantity in them, which are very important for the growth and health of 

the body. 

Home Garden Environment 
By applying home garden in the house, the environment around the house feels beautiful and calm. In this 

life of stress, we get various types of diseases so that when we come in contact with tree plants, we get fresh 

Feel the wind and coolness. 

Location of Kitchen Garden 
Kitchen garden around the courtyard or behind the house etc.  Most people prefer to build a house garden 

behind the house. So that the family can work in the house garden in free time, the waste water of the 

bathing house and kitchen can be used in the house garden. 

Size of the Kitchen Garden 
The size of the house garden depends on the availability of land and the number of persons in the family. 

Generally, a family of 4-5 persons requires 250-300 square meters of land to plan a house garden. 

Layout of Kitchen Garden 
It is very important to make a map so that we can know which crop to take when planning the garden. 

There are a few things to keep in mind.  

1. When making compost in one corner of the house garden.   

2. The position of annual crops and perennial crops should vary in the home garden.   

3. The house garden should be dropped from the fence so as not to harm or save the animals.  



 

 
Volume 3 - Issue 6 - June 2021       96 | P a g e  
 

4. The plants should have different preparation for each crop.  

5. Proper management of irrigation and water logging should be done. 

Benefits of Kitchen Garden 
1. Clean and fresh vegetables are available throughout the year.  

2. Saves the money. 

3. Working in the home garden makes good use of time. Along with exercise,  

4. The water released from the kitchen and bathroom is also used in the home garden. 

Medicinal Importance of Kitchen Garden 
1. Bitter gourd is helpful in removing acidosis.   

2. Cholera and heat can be avoided with the use of onions.   

3. Use of garlic is beneficial in constipation and heart diseases. 

Economic Importance of Kitchen Garden 
1. Almost all the crops are short term.  

2. Only three to four crops can be taken in a year.  

3. The crops are less prone to diseases due to being short term.  

4. Save’s money throughout the year.  

5. Vegetables also have a versatile crop cycle.   

6. Can be adopted, there is less stress due to contact with tree plants, so there is no need to go to the doctor. 

Cropping Plan 
Before sowing, it is also necessary to prepare a cropping plan so that we know exactly which crop is sown 

at what time and when, including the status of the beds, crop cycle for different beds, time of sowing etc. 

should be done. 

1. The crop cycle should be such that vegetables are available continuously throughout the year. 

2. The crops should be planted on the ridges. 

3. Foliar crops should be used on the fence. 

Like in winter: Beans and peas. 

Summer: Cucumber, bitter gourd. 

During rainy season, lady finger gourd etc. should be applied. 

Cropping Plan of the Kitchen Garden in a Years 
Bed number Harvest Time 

1 Potato 

Cowpea 

Cauliflower 

November to March 

March to June 

July to October 

2 Tomatoes 

Radish 

Onion 

July to November 

November to December 

December to June 

3 Spinach with eggplants 

Chaulai with Bhendi  

July to March 

March to June 

4 Cowpea 

Okra  

Summer and Rainy 

season 

5 Chillies 

Potato 

Bitter gourd  

July to November 

November to March 

March to July 
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Introduction 
Home garden is also called kitchen garden. The practice of home garden has been in practice since ancient 

times.  In the village, people used to build a small house garden around their courtyard or behind the house, 

due to which it is being seen vary widely in the cities as well, it is very important to have balanced nutrition 

in the daily diet for good health.  It is because adulteration in different types of diets and the use of 

pesticides made in the field is very harmful for our health. Fruits and Vegetables make their important 

contribution in maintaining good health and balance of our body so that Vitamin mineral in our body, 

carbohydrates, fats and bread turned out to be good sources so that we all remain healthy.  Regular 

availability of fruits and vegetables should be maintained, so that the house is small and small near big.  

Home garden should be maintained from time to time so that problems and diseases like water logging 

should be properly managed. From this house garden, daily needs can be fulfilled by producing healthy 

mother and quality favourite fruits and vegetables.  

Need of Balanced Diet Per Person Per Day 
According to Indian Council of Medical Research, for balanced diet, an adult person should consume 120 

grams of fruits and 300 grams of vegetables per day. 125 grams of green leafy vegetables, 100 grams of root 

vegetables and 75 grams of all other types of vegetables should be consumed. 

Availability of Balanced Diet Per Person 
At present, the availability of fruits is 85 grams and the availability of vegetables is 145 grams per person. 

Fruits and vegetables are a protected diet that protects us from diseases. It is very important for humans 

to eat fruits and vegetables in the diet in addition to cereal pulses milk every day, because vitamins and 

minerals are found in sufficient quantity in them, which are very important for the growth and health of 

the body. 

Home Garden Environment 
By applying home garden in the house, the environment around the house feels beautiful and calm. In this 

life of stress, we get various types of diseases so that when we come in contact with tree plants, we get fresh 

Feel the wind and coolness. 

Location of Kitchen Garden 
Kitchen garden around the courtyard or behind the house etc.  Most people prefer to build a house garden 

behind the house. So that the family can work in the house garden in free time, the waste water of the 

bathing house and kitchen can be used in the house garden. 

Size of the Kitchen Garden 
The size of the house garden depends on the availability of land and the number of persons in the family. 

Generally, a family of 4-5 persons requires 250-300 square meters of land to plan a house garden. 

Layout of Kitchen Garden 
It is very important to make a map so that we can know which crop to take when planning the garden. 

There are a few things to keep in mind.  

1. When making compost in one corner of the house garden.   

2. The position of annual crops and perennial crops should vary in the home garden.   

3. The house garden should be dropped from the fence so as not to harm or save the animals.  
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4. The plants should have different preparation for each crop.  

5. Proper management of irrigation and water logging should be done. 

Benefits of Kitchen Garden 
1. Clean and fresh vegetables are available throughout the year.  

2. Saves the money. 

3. Working in the home garden makes good use of time. Along with exercise,  

4. The water released from the kitchen and bathroom is also used in the home garden. 

Medicinal Importance of Kitchen Garden 
1. Bitter gourd is helpful in removing acidosis.   

2. Cholera and heat can be avoided with the use of onions.   

3. Use of garlic is beneficial in constipation and heart diseases. 

Economic Importance of Kitchen Garden 
1. Almost all the crops are short term.  

2. Only three to four crops can be taken in a year.  

3. The crops are less prone to diseases due to being short term.  

4. Save’s money throughout the year.  

5. Vegetables also have a versatile crop cycle.   

6. Can be adopted, there is less stress due to contact with tree plants, so there is no need to go to the doctor. 

Cropping Plan 
Before sowing, it is also necessary to prepare a cropping plan so that we know exactly which crop is sown 

at what time and when, including the status of the beds, crop cycle for different beds, time of sowing etc. 

should be done. 

1. The crop cycle should be such that vegetables are available continuously throughout the year. 

2. The crops should be planted on the ridges. 

3. Foliar crops should be used on the fence. 

Like in winter: Beans and peas. 

Summer: Cucumber, bitter gourd. 

During rainy season, lady finger gourd etc. should be applied. 

Cropping Plan of the Kitchen Garden in a Years 
Bed number Harvest Time 

1 Potato 

Cowpea 

Cauliflower 

November to March 

March to June 

July to October 

2 Tomatoes 

Radish 

Onion 

July to November 

November to December 

December to June 

3 Spinach with eggplants 

Chaulai with Bhendi  

July to March 

March to June 

4 Cowpea 

Okra  

Summer and Rainy 

season 

5 Chillies 

Potato 

Bitter gourd  

July to November 

November to March 

March to July 
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Introduction 
Quantitative genetics deals with quantitative traits, examples include height, weight, production traits in 

various livestock & poultry species, disease resistance etc. Theory of quantitative genetics is based on the 

Mendelian principles. The genotypes follow the strict Mendelian ratio whereas the phenotypes do not 

adhere to the ratio and express in a varied way depending on the environment, effect of other genes etc.  

The traits can be either continuous taking any value (e.g.: height), meristic which can take integer values 

only (e.g.: number of seeds in a pod) and threshold traits which express only on reaching a threshold value 

(e.g.: sex ratio, wing dimorphism). The phenotype is the result of genotype plus environmental factors. 

There are three major questions posed by researchers about the basis of quantitative genetic transfer, how 

to identify the environmental influence and how to predict or control the outcome. 

The genes follow the simple Mendelian pattern of inheritance. Inbreeding is used to separate the effect of 

environment on the inheritance pattern and artificial selection methods have been devised to control the 

outcome and get the desired progeny. The method has been used by farmers to increase the yield and is a 

great tool in agricultural field. 

Population genetics is the study of allele frequency distribution and change under the influence of the four 

main evolutionary processes: natural selection, genetic drift, mutation and gene flow.  

Applications of Population and Quantitative Genetics Include 
1. Assessing the genetic structure of population. 

2. Testing the population for HW equilibrium 

3. To know the effect of mutation, migration and selection (artificial / natural) on genetic  structure of 

population 

4. To know the level of inbreeding, genetic drift, estimation of various components of variability. 

5. Estimation of net genetic worth of animal, in estimation of genetic parameters (heritability, 

repeatability, genetic correlations). 

6. Predicting outcome of different crosses, in planning & structuring of breeding program. 

Diallel Crossing 
A diallel cross is a mating scheme used by plant and animal breeders, as well as geneticists, to investigate 

the genetic underpinnings of quantitative traits. In a full diallel, all parents are crossed to make hybrids 

in all possible combinations. Variations include half diallels with and without parents, omitting reciprocal 

crosses. Full diallels require twice as many crosses and entries in experiments, but allow for testing for 

maternal and paternal effects. If such "reciprocal" effects are assumed to be negligible, then a half diallel 

without reciprocals can be effective. 

Synthetic Population 
Synthetic population is one that constitutes “synthetic breeds” as their individuals. Synthetic breeds are 

breeds that are made by cross breeding, a good example is “Frieswal” an established synthetic milch cattle 

breed of India, others are sunandini cattle, Karan fries, Karan swiss etc. There are some possible 

advantages of synthetic breeds which include: 

1. Increase in selection differential. 

2. Decrease in rate of inbreeding. 
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3. Increase in genetic variation. 

4. Rapid improvement in some specific trait. 

5. Heterosis in the first generations. 

Among possible disadvantages are: 

a. loss of non-allelic (epistatic) gene effects. 

b. introduction of undesirable genes into the population. 

c. loss of cross breeding possibilities. 

d. increased risk of introducing diseases. 

e. disturbance of breeding and selection work with a decreased accuracy of testing in the first 

generations. 

Breeding for Disease Resistance 
Disease resistance has always been one of the major traits that a breeder would like to improve, however 

due to its complicated nature it has been achieved very slowly. Healthy animals are desired in all kinds of 

animal farming. The basis for this desire is formed by ethical, economical as well as public health 

components. Some of the hallmarks in organic animal farming are high wellbeing standards, in which 

freedom from disease plays a major role, and a low usage of drugs such as antibiotics. Hence, to have a low 

disease incidence in organic farming is truly an issue. There are several avenues towards a lowered 

incidence of disease: management and rearing measures, vaccination programmes and preventive 

medications as well as breeding for improved disease resistance. 

Major Developments in Animal Breeding 
The face of animal breeding has changed significantly over the past decades. Animal breeding used to be 

in the hands of a few distinguished ‘breeders’, individuals who seems to have specific arts and skills to 

‘breed good livestock’. In some livestock species, animal breeding is in the hands of large companies, and 

the role of individual breeders seems to have decreased. There are several reasons for this change. Firstly, 

the breeding industry has taken up scientific principles. 

Artificial insemination was introduced in the fifties in cattle. No doubt that the technology had a major 

impact on rates on genetic improvement in dairy cattle, and just as important, on the structure of animal 

breeding programs. Nowadays, technologies like ovum pick up, in vitro fertilization, embryo transfer, 

cloning of individuals, cloning of genes, and selection with the use of DNA markers are all on the ground. 

Finally, the rapid development of computer and information technology has greatly influenced data 

collection and genetic evaluation procedures in livestock populations, now allowing comparison of breeding 

values across herds, breeds or countries. 

The introduction of breeding methods typically needs to find the right balance between what is possible 

from a technological point of view and what is accepted by the decision makers and users within the socio-

economic context of a production system. Ultimately it is the consumer who decides which technology is 

desirable or not. Now in modern day societies, consumers are increasingly aware of health, environmental 

and animal welfare issues. 

Food safety and methods food production are part of their buying behavior. However, price and production 

efficiency remain to be major contributors to sustainability of a livestock industry. Successful animal 

breeding programs need to find the right dose of technology that helps them to be competitive. 

Major Genes & their Significance in Animal Breeding 
Major genes are defined as those that are necessary and sufficient for causing any phenotypic effect, with 

important mutations which causes variation in that trait. Recent developments in molecular biology and 

statistics have opened the possibility of identifying and using genomic variation and major genes for the 

genetic improvement of livestock. 

In the last ten years statistical methodologies of detection of major genes based on pedigree and phenotypic 

information on populations have been developed for animal populations. These methods are based on the 

use of mixed models and segregation analysis to fit the data to a mixture genetic model that includes in 

addition to the polygenic effects, those of a biallelic major gene. 
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Identification of major genes by utilizing molecular markers like RFLP, microsatellites etc enables 

scientists to identify the genes directly affecting economical traits this knowledge can then be utilized the 

gene assisted selection or marker assisted introgression techniques for improvement of local livestock 

species, a well-known example includes FecB gene in Garole sheep, this gene affects fecundity and carriers 

of this gene has high probability of twin & triplet birth, this gene has been identified by PCR RFLP 

technique and now is used in improvement of indigenous as well as exotic breeds of sheep, Halothane gene 

in pigs, myostatin gene in muscle of goats and cattle are some other examples of major genes identified. 

Conclusion 
It is concluded that the application of quantitative and population genetics is the major role to improvement 

the livestock industry mainly in animal breeding purpose. 
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Introduction 
Now day rising demand for agribusiness, people are searching for various ways to earn more money. And 

rightly so there is quite a good agribusiness available for the people where they can earn more income 

Returns. Now day you have various way of farming like crop production, horticulture, dairy farming, 

poultry farming and many others. Now we are going to let you know about the latest agribusiness where 

you can earn good profit margins. It is spirulina cultivation.  

What is Spirulina Cultivation? 
Spirulina is a type of bacteria called cyanobacterium commonly known as blue-green algae that grows both 

in fresh as well as salt water. Similar to plants it produces energy from sunlight through the photosynthesis 

process. It grows and thrives in warm water alkaline ponds and rivers. Protein is one of the important 

components in a diet. It is one of the best potential sources of protein. Spirulina contains 40 to 80% protein 

content and its growth rate is very high. 

Among 1 gram of spirulina is said to be as nutritious as 100 g of spinach or carrots, and is cheaper. It has 

extremely high protein content, with 60-70% of its dry weight consisting of a balanced mix of various 

essential amino acids. 

Further it is very rich in beta carotene (to produce vitamin A), iron, vitamin B12, ganna-linolenic acid and 

other micronutrients. It has no cell wall and is therefore very easy to digest. For example, in a glass of fruit 

juice or hot water, if you add 2 grams of spirulina will get about 60% of all the essential proteins in your 

body. In developing countries, it is used as a potential source of food, feed, and fuel. For human nutrition, 

it is cultivated in large scale in clean waters and under controlled conditions while it is also grown in waste 

waters and can be used in animal feed. 

 

Nutrition Content in Spirulina 
Malnutrition is a pathological condition caused by the lack of essential nutrients such as amino acids, 

proteins, and vitamins. Hence it is caused not only by lack of food but also due to the poor quality of the 

food available in less economically developed areas. The UN figures show that over 250 million children 

suffer from malnutrition. 

Spirulina has very high micronutrient content, is easy and cheap to produce locally. It is therefore a very 

realistic and also sustainable solution to the problem of malnutrition as opposed to food fortification or 

distribution programs. A tablespoon contains: 4 grams of protein, Vitamin B1 (Thiamin11 % of RDA), 

Vitamin B2 (Riboflavin 15% of RDA), Vitamin B3 (Niacin 4% of RDA), Copper (21% of RDA), Iron (11% of 

RDA), also contains Omega-6 & Omega-3 fatty acids (about 1 gram), manganese, potassium, and 

magnesium. Spirulina production can effectively combat malnutrition and simultaneously provides 

business opportunities for locals, particularly women. 
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Health Benefits 
1. Contains antioxidant and anti-inflammatory properties. 

2. It is good for the heart as it can lower LDL and triglyceride levels. 

3. Appears to have anti-cancer properties and works well against oral cancer. 

4. Control’s inflammation in the nasal airways (allergic rhinitis symptoms). 

5. Effective against anemia. 

6. Useful for HIV patients as it strengthens the immune system. 

7. Improves muscle strength and endurance. 

8. Boost’s brain energy as it increases Ribonucleic acid.  

9. Improves digestive system health. 

Growing Conditions of Spirulina 
1. Climate: Spirulina while growing under tropical and sub-tropical regions are well-suited places. It 

requires sunshine throughout the year. The growth rate and production of spirulina depend on various 

factors such as wind, rain, temperature fluctuation, and solar radiations. 

2. Temperature: For a high production with high protein content, a temperature between 30° to 35° C is 

ideal. Spirulina can survive in temperatures between 22° to 38° C but the protein content and color will be 

affected. Bleaching of cultures takes place when temperatures are above 35° C and it cannot survive in 

temperatures less than 20° C 

3. Light: The intensity of light plays an important role in its growth. Light has a direct effect on protein 

content, growth rate, and pigment synthesis of spirulina. The light intensity between 20 to 30 K lux is 

found to be ideal for spirulina farming. It is observed under 20 K lux for 10 hours period by providing 

different light shades; under the blue light, it yielded the highest protein content. 

4. Stirring: Spirulina needs exposure to light, as it a photosynthesizing organism. Light is maximum on 

the top surface, spirulina that is on top of the culture will thrive well while the ones beneath have a slow 

growth rate and the spirulina that remains below may die. For maximum production and proper growth 

rate of each organism that culture has to be stirred constantly. Stirring can be done manually as well as 

mechanically. Stirring should be done in slow circular motions in one direction. Manual stirring is carried 

out once in every two to three hours in daytime only. After every stirring, the instruments are cleaned 

thoroughly before. 

5. Water Quality: Water is the main source medium for spirulina to grow. It should have all the necessary 

sources of nutrition for a healthy growth of spirulina. The ideal water quality should be maintained 

throughout the micro-algaemass production by providing a controlled salt solution in the water. The ideal 

pH value culture medium should be between 8 to 11 ranges. A minimum shallow level of 20 cm is ideal 

water level height. The chemical composition of the culture medium is as follows: 

Chemical component  Concentration (Grams per liter) 

Sodium hydrogen carbonate (NaHCO3) : 8.0 

Sodium chloride (NaCl) : 1.0 

Potassium nitrate (KNO3) : 2.0 

Hydrous magnesium sulphate (MgSO4.6H2O) : 0.16 

Ammonium Phosphate ((NH4)3PO4) : 0.2 

Urea (CO(NH2)2) : 0.015 

Sulphate hepta hydrate (FeSO4.6H2O) : 0.005 

Iron potassium sulphate (K2SO4) : 1.0 

Calcium chloride dihydrate (CaCl2.2H2O) : 0.1 

Ammonium cyanate (CH4N2O) : 0.009 

6. Contamination: The contamination can happen either by insect breeding, foreign algae or through 

chemical contaminants. Any amount of chlorine present in the water will kill the algae growth. Larva of 

mosquitoes and other insects will feed on algae leading to about an overall 10 % decrease in production. At 

the time of harvesting, the existence of larva or pupae will contaminate the spirulina quality and yield. All 

extraneous materials can be removed from the culture medium by using a fine wire mesh frame. 
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Material Requirements for Spirulina Cultivation 
1. First of all, you will require a spirulina mother culture. Since you are a newbie, you can get this from 

other spirulina cultivators. Then, you require various fertilizers that mention in above list.  

2. You need to agitate the cultured water regularly hence you will need an agitator on a large commercial 

scale. If you are starting spirulina cultivation on a small scale you will require a long stick to agitate the 

water.  

3. You will require a thermometer to measure the temperature of the water.  

4. You also need a Litmus paper for measuring the quality of water and blue-green algae.  

5. To fill the tanks you require a Pump of high quality. 

6. You have required cement tanks or water plastic tanks. 

7. If you are raising the spirulina in Ponds, you will require sheets of plastic. 

8. You will need a noodle shape maker if you want to try the spirulina in the form of noodles. 

9. To make the Powder out of spirulina you will require a crusher. 

Spirulina Cultivation Method 
Above listed material and requirements that you should have for this spirulina farming we are now going 

to let you know how to start spirulina farming. 

First of all, you have to select a proper tank, pond either cement or plastic for this spirulina cultivation. 

After water is fed into at a required height and after paddle wheels are installed. The water has to have 

the right pH value and alkaline by adding required salts at the required rate. Once the water has a 

standard micronutrient composition, the pond is ready for spirulina seeding. Ideally, for uniform growth 

and for uniform harvesting, 30 grams of dry spirulina is added for every 10 liters of water. A concentrated 

live spirulina culture can also be used as seeding and shift it to the water tanks. Along with mother culture, 

we should also and fertilizers and appropriate mixture. In commercial farms, one pond or tank is 

exclusively kept for rearing spirulina as seed. This will reduce the regular purchase and the farm becomes 

self-sustain and also can sell live spirulina seed to other farmers. We should make sure that the container 

with spirulina gets enough sunshine. With proper sunshine, spirulina will take a minimum of 10 to 15 days 

to develop. In the cold season of the winter season, it will take some extra days to develop. During this 

process once in a while, I have to agitate the water with agitators all along with the stick. Continually 

check the nutrient content value and adding fresh water at regular periods for good production and for top 

yields. The water level should be maintained at 20 to 30 cm of height on content. As most of the ponds or 

tanks are open the evaporation of water will affect the cultivation. Especially during summer, on an 

average thrice in a month, fresh water is released for maintain consistent water level height throughout 

the cultivation. Make sure that there is no contamination during the process. 

Harvest and Production 
The matured spirulina changes from light to dark green in color. The concentration of algae and color of 

the algae is the deciding factor for when spirulina after 2 to 3 weeks will be ready to pick. Use any small 

and clean plastic buckets or a mesh to collect the algae and pour the algae into a mounted filter. After 

filtering, the collected spirulina is thoroughly washed in distilled water to remove any traces of salts, 

contaminants, or culture medium residue. 

 
Once the cleaning is done, the water content is further removed by squeezing or pressing and is ready for 

drying under the sun for 2 to 3 days. The fast drying used ovens that temperature maintained at 60° C 

takes about 4 fours while 40° C takes about 15 to 16 hours. Freshly harvested spirulina will be at its best 
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in its nutritional values. Fresh spirulina cannot last more than 2 days, hence it needs to be dried to preserve 

its nutritional values and to last for a longer duration. The ground spirulina powder should be sent to the 

lab for testing. Once everything is fine, then it should be packed in small airtight plastic covers and is ready 

for market and consumption. 

Grinding and Storage 
The well-dried strands of spirulina are now ready for grinding. Grinding machines for flour making can be 

used for grounding of the dried algae. Spirulina is grounded and made into soft powder dust which is then 

packed with different weights and sealed for marketing. Vacuum dried and airtight packing will preserve 

the nutritional qualities up to three to four years. 

Yield and Profits in Spirulina Farming 
One square meter area produced 5–7-gram spirulina per day on and average. Pond or tank constructed is 

of 10 x 20 feet size cost around Rs. 2000. And there are about 20 such ponds. Each pond will generate on 

an average about 2 kg wet culture per day. That a one-kg wet culture will give 100 grams of dry powder. 

Based on this, on an average, a 20-tank spirulina will generate 4-5 kg of dry spirulina powder on a daily 

basis. The production of Spirulina in a month will be around 100 to 130 kg per month. Dry spirulina powder 

in the market will fetch about Rs. 800-1000/- per kg. A farmer can earn about 50-80,000/- per month. 

Conclusion 
In recent years, malnutrition deficiency, food security, water security as well as natural resources 

conservation and lower farmer’s income have emerged as major issues In India and worldwide nations, 

developing countries struggling to deal with these issues and also have to contend with the dual burden of 

climate change and globalization. Within the broad concept of more income generation point of view 

“spirulina cultivation” generates higher income and reduce malnutrition deficiency problem and produced 

supper food in developing countries. Spirulina cultivation is a new approach to farming as compared to 

existing farming system. Moreover, the spirulina cultivation farming help poor small farmers, who have 

very small land holding for crop production and a few heads of livestock, spirulina increase cash income, 

improve quality of food produced and exploitation of unutilized all resourced like land and labour. 
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Introduction 
A bacteriophage also known informally as a phage is a virus that infects and replicates within a bacterium. 

The term was derived from "bacteria" and the Greek word “phagein”, means to devour. Bacteriophages are 

composed of proteins that encapsulate a DNA or RNA genome and may have relatively simple or elaborate 

structures. Phages replicate within the bacterium following the injection of their genome into its cytoplasm. 

Among the phages that have been identified, the majority belongs to the tailed phages and this form the 

taxonomic order: Caudovirales. These phages possess icosahedral heads containing genome comprised of 

double stranded DNA. The order Caudovirales is made up of three phage families which includes 

Myoviridae, Podoviridae and Siphoviridae. Phages belonging to other families have highly variable 

morphologies with genomes of varying nucleic acid composition (Ackermann, 2007). The discovery of 

bacteriophages is credited to Frederick Twort (Twort, 1915) and Felix d’Herelle. Similar findings of 

antibacterial agents that hinted on the existence of phage had been made prior to that of Twort and 

d’Herelle (Abedon et al., 2011). However, they were the first to suggest this phenomenon as being viral in 

origin. D’Herelle – Coined the term bacteriophage and Phage-derived enzymes Phage proteins can also be 

exploited as antimicrobials. Lysins (i.e., endolysins) are hydrolytic enzymes that degrade bacterial cell wall 

peptidoglycan to facilitate phage release. 

Multiplication of Phage for Field Application 
1. Loop full of bacteria added to Luria Bertani broth 

2. Incubate over night at 30 degree  

3. Add bacteriophages and spin at 1200rpm for 30 min 

4. Dilute with distilled water 

5. Mixed with skim milk (1:2) 6. Field applications. 

Commercialization of Phage for Biocontrol in Crop Disease 
1. Agriphage: A USA based company, Omnilytics was the first company to receive registration (from the 

U S Environmental protection agency) for their phage based biopesticide product Agriphage. The product 

is designed for the control of bacterial spot or speck of tomatoes (specific for X. campestris pv. vesicatoria). 

2. Biolyse: A Scottish company, APS biocontrol, which has developed a bacteriophage-based wash solution 

(Biolyse) for potatoes tubers, which is to be used for prevention of soft rot disease (specific against soft rot- 

Enterobacteriacea) during storage (APS Biocontrol Ltd,). 

Nature of Damage 
Protect the products, Maintain the quality, Ensure the food safety, Attract the consumer. 

Advantages of Phage Biocontrol Over Other Strategies 
1. Phage are self-replicating and self-limiting, quickly degradable. 

2. Phage are natural components of the biosphere; they can readily be isolated from wherever bacteria are 

present, including soil, water, plants, and animals. 

3. Phage can be targeted against bacterial receptors that are essential for pathogenesis, so resistant 

mutants are attenuated in virulence.  

4. Phage are nontoxic to the eukaryotic cell.  

5. Phage are eliminating only target bacteria thus their use can also be coupled with the application of 

antagonistic bacteria. 

6. Phage preparations are fairly easy and inexpensive to produce and can be stored at 4◦C for months 

without significant reduction in titer. 
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Potential Issues Concerning the Use of Phage in Biocontrol 
1. The main limitation for the application of phages in biocontrol in is bacterial host-range. 

2. Phage mixtures/cocktails need to be updated constantly in order to lyse as many newly emerging strains 

of the target bacterium as possible.  

3. Not all phages make for good therapeutics.  

4. Exposure to high temperature, high and low pH and sunlight, and  

5. The most destructive environmental factor was determined to be the UV-A and UV-B spectra (280–400 

nm) of sunlight. 

Difficulties in Using phage for Management of Plant Diseases 
1. Resistance to phage. 

2. Criteria for selecting suitable phage. 

3. Strain variation.  

4. Persistence of phage in the phyllo sphere and rhizosphere. 
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Introduction 
Zero Budget Natural Farming (ZBNF) is a holistic ecological farming approach that is closely observing the 

natural conditions in order to build a mutually beneficial relation between the farmers and nature. (Altieri, 

2002). Natural farming is a closed system- No human – supplied inputs and it mimics nature. System works 

along with the natural biodiversity of farmland encouraging the complexity of living organisms that shape 

each particular climax ecosystem. Climax ecosystem are mature ecosystems that have reached a high 

degree of stability productivity and diversity. Attributes:  No tillage, intercropping, crop rotation, mulching, 

maximum biodiversity and no use of agrochemical and no fertilizers, no pesticides, and no weeding. In the 

Zero Budget Natural Farming (ZBNF) nothing has to be purchased from the outside. All things required 

for the growth of the plant are available around the root zone of the plants. This model eliminates the cost 

of fertilizers, pesticides and seeds and greatly reduces the incentive to borrow, one of the chief causes for 

farmer suicides in the country. He believes in a method of cultivation which makes  the already existing 

nutrients in the soil such as  phosphate, potash, zinc and calcium available in  absorbable form by the 

plants. Masanobu Fukuoka, father of modern-day natural farming, worked on methods based on his own 

unique theories, insights and philosophy. 

Principles of Natural Farming 
1. Enhanced biomass recycling  

2. Strengthened ‘immune system’ through enhanced functional biodiversity  

3. Improving soil health by managing organic matter and soil biological activity  

4. Minimized loss of energy, water and nutrients  

5. Diversification of genetics resources  

6. Enhanced beneficial biological interactions. 

Why Need of Zero Budget Natural Farming 
1. Substantial losses from pests, diseases and weeds persist, despite billions of lbs. of pesticides are used 

annually.  

2. Sustainability in Agriculture is one of the major concerns of humanity as on today.  

3. To find farming systems which works in harmony with nature rather against it. 

Effect of Indiscriminate Use of Agro-Chemical 
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Four Pillars of Zero Budget Natural Farming 

Role of Jeevamrut 
Soil is saturated with all the nutrients, but these are in the non-available form to the roots of the plants.  

Beneficial micro-organisms in Jeevamrut convert the nutrients  from non-available form to dissolved form, 

when it is inoculated  to the soil.  

Jeevamrut is either sprayed/sprinkled on the crop field or added  to the irrigation tank in regular interval 

of 15 days until the soil  is enriched. 

Preparation of Jeevamrut 

Role of Beejamrut 
Naturally occurring beneficial microorganisms are found in  cow dung.  

These microorganisms are cultured in the form of beejamrut  and applied to the seeds as inoculums.  

It is reported that seed treatment with beejamrut protects the  crop from harmful soil-borne pathogens and 

also helpful in  producing IAA and GA3. 
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Preparation of Beejamrut 

Role of Mulches 
Mulching with straw improves soil moisture content and conducive to the growth of microorganisms and 

earthworms. It also improves seed germination without tillage. Harvesting weed before flowering and 

covering the open land reduces the area for the crop weed and improves the organic matter content in the 

soil. With this practice usage of herbicides can be avoided. Four types organic mulch are used for mulching 

like grass, paddy straw, sugarcane trash and saw dust. 

Whapasa 
Whapasa is the condition where there are both air molecules and  water molecules present in the soil and 

he encourages reducing  irrigation, irrigating only at noon, in alternate furrows ZBNF  farmers report a 

significant decline in need for irrigation in ZBNF. 
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Introduction 
The climatic factors such as temperature, relative humidity, rainfall and mass air movements may affect 

the distribution, development, survival, behavior, migration, reproduction, population dynamics and 

outbreaks of insect pests in most of the crop. These factors usually act in a density-independent manner, 

influencing insects to a greater or lesser extent depending on the situation and the insect species.  

Pest of paddy and its relationship with weather parameters 

1. The Yellow Stem Borer, Scirpophaga incertulas (Pyralidae: Lepidoptera) is a monophagous insect pest 

of rice causing damage during both vegetative and reproductive crop stages. Only larva causes damage to 

the crop. After hatching, larva bores in to stem and damages it. 

Favourable weather condition for YSB: The YSB incidence will be more in warm, moist weather 

with the temperature of < 280C. The hibernating adults become active with the onset of summer 

rains. The Relative Humidity of > 70% also plays an important role for YSB incidence. 

2. The rice leaffolder, Cnaphalocrocis medinalis (Guenee) (Pyralidae: Lepidoptera) causes serious economic 

loss when its severe infestation coincides with susceptible crop growth stages (maximum tillering to 

booting). They feed from inside the folded leaf by scraping the green chlorophyll resulting in longitudinal 

white and transparent streaks of damage on the blade. The general vigour and photosynthetic ability of 

infested plants gets reduced. 

 

Favourable weather condition for leaf folder: Rice leaffolder occurs in all rice environments 

and is more abundant during the rainy seasons. They are commonly found in shady areas and in 

the areas where rice is heavily fertilized. In tropical region, they are active year-round, whereas in 
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temperate regions they are active from May to October. The high humidity (60-70% during 

afternoon) with night temperature of < 22.50C favours the population build-up of the pest. 

3. The Brown planthopper Nilaparvata lugens cause leaves to initially turn orange-yellow before becoming 

brown and drying. Severe attack causes drying of tillers and hills, resulting in a scorched appearance in 

the fields called ‘hopperburn’ wherein complete drying of the plants is observed and can result in 100% crop 

loss. 

 

Favourable weather condition for BPH: Plant hoppers are major problem in rainfed as well as 

in irrigated wet land environments. It also occurs in the fields had continuous submerged conditions 

coupled high shade and humidity. Dense rice crop under continuously flooded conditions and excess 

use of nitrogenous fertilizers provides very congenial environment for outbreak of the pest. The 

continuous rainfall followed by clear sky, longer day with night temperature of 21-230C and relative 

humidity of >70% is the conducive climatic conditions for BPH.  

The other sucking insects of rice crop viz., green leafhopper (Nephotettix virescens) and White backed 

plant hopper (Sogatella furcifera) incidence also more with above climatic conditions.  

4. The rice earhead bug Leptocorisa acuta damage the crop during milky stage. Affected grains become 

chaffy with black spots at the site of feeding puncture. 

 

Favourable weather condition for Earhead bug: The drizzling weather favours the high pest 

incidence but the heavy rain reduces the pest population.  

5. The rice gall midge Orseolia oryzae causes significant economic loss to the paddy crop. Feeding by the 

maggots of the gall midge on the growing tip of rice plants results in elongation of the leaf sheath often 

referred as onion leaf or silver shoot. Gall midge is more severe, in late planted conditions. 
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Favourable weather condition for Gall midge: The gall midge is found in irrigated and rainfed 

wetland environments during the tillering stage of the crop. It is also common in upland and deep-

water rice. The optimum temperature for rice gall midge development is 22 to 26oC. 

Conclusion 
Based on the climatic conditions the plant protection measures have to be initiated for achieving 

remarkable success to safe guard the crops against the devastating pests and diseases. Hence, influence of 

abiotic factors on insect pests should thoroughly be understood by the farmers and plant protection 

scientists. 
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From our childhood days, many a times, we would have come across a word play known as palindromes. 

Palindromes refer to words, phrases, sentences, or sequences which read exactly the same when read 

forward and from backward.  Starting from the lovable word “MOM”, there are several examples to cite for 

palindromes and is a funnier word game among kids.  But in the field of science, one such novel sequence 

with palindromic repeats is no funnier, but an emerging game changer in the genome editing technology. 

It is popularly known as CRISPR. 

What Exactly is this CRISPR Sequence? 
Like a few discoveries in science, the identification of CRISPR was an accidental one.  In 1987, a Japanese 

scientist  Yoshizumi Ishino  from the Osaka University and his team cloned and sequenced the DNA 

fragments of an IAP gene, involved in isozyme conversion of alkaline phosphatase in the bacterium 

Escherichia coli. While analyzing the sequences, they came across an unusual pattern of DNA sequence. 

This sequence was made up of five identical palindromic repeats and each repeat was interspersed by 

variable sequences known as spacer sequences. Later in 1993, a similar kind of repetitive sequence 

separated by spacer sequences was identified in the members of halophilic archeae by Mojico and his team, 

while trying to unravel their adaptive mechanisms to high salt environments. With the advent of 

automated sequencing technologies and genome sequencing projects, this peculiar repetitive sequence was 

identified in a number of bacterial and archaeal genomes. Scientists began to coin different terms for these 

sequences. It was in 2002, the term CRISPR coined by Jansen became a generally accepted term for these 

sequences. CRISPR stands for Clustered Regularly Interspaced Short Palindromic Repeats. However, due 

to the lack of bioinformatics tools at that time, comparative analysis and elucidation of the biological 

function of this mysterious sequence was not possible. 

Key Features of the CRISPR Locus 
Comparative analysis across the bacterial and archaeal genomes revealed certain unique features for 

CRISPR. They are located in the intergenic regions of prokaryotic organisms, made up of an upstream AT 

rich leader sequence followed by a cluster of short direct repeats, interspersed with non-conserved spacer 

sequences. However, such a CRISPR sequence has not been reported in eukaryotes. 

Adjacent to the CRISPR sequence array, are located a set of genes, designated as CAS genes (CRISPR 

Associated Genes- CAS1-4) which encode for enzymatic proteins known as Cas Proteins. The Cas proteins 

are endonuclease enzymes which can cleave the nucleic acids at specific sites generating short fragments. 

For example, Cas9 protein can cleave DNA, while Cas13 can cleave the RNA. However, these Cas proteins 

execute their nuclease activity only in the presence of a recognition sequence known as PAMs (Protospacer 

Adajacent Motifs). 

CRISPR-Cas System: An Adaptive Immune System in Prokaryotes 
Bacteria are commonly infected by a range of viruses known as bacteriophages. Francisco Mojica and 

Christine Pourcel independently observed that the spacer regions in the CRISPR locus showed similarity 

to genomic sequences of bacteriophages and plasmids. They hypothesized that these spacer sequences 

present in the chromosomes of bacteria are derived from bacteriophages during the infection process. The 

hypothesis was tested and experimentally proven in 2007 by using the lactic acid bacterium Streptococcus 

thermophiles. A susceptible strain of Streptococcus thermophiles was infected with virulent bacteriophages. 

On infection, the phage sequence from the bacteriophage got integrated into the spacer region of the 
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CRISPR array of Streptococcus thermophiles, making it resistant to subsequent infections by the 

bacteriophage. However, the resistance to phage infection disappeared when the spacer sequences derived 

from the bacteriophages were removed.  This experiment elucidated the role of CRISPR-Cas System in 

prokaryotic acquired immune system. 

Functioning of the CRISPR-Cas System 
The CRISPR-Cas based adaptive immune system in prokaryotes involves three stages viz., adaptation, 

maturation and interference. Whenever a bacterium is initially invaded by a bacteriophage, it snips out 

short DNA fragments of the invading foreign element and integrates it into its chromosome at the CRISPR 

locus. This sequestered short viral DNA fragment in the CRISPR array, known as the ‘protospacer’ 

sequence, stays as a memory helping the bacteria to remember the former infections and target the viral 

DNA on subsequent infections. This process is known as adaptation or acquisition. Two proteins Cas1 and 

Cas2 are commonly involved in the acquisition process. The next stage is the maturation phase. The 

CRISPR locus is transcribed into a precursor RNA molecule known as pre-crRNA. The pre-crRNA is cleaved 

by ribonucleases and processed by Cas’s proteins into short CRISPR RNA (crRNA) comprising of a spacer 

sequence flanked by the repeat regions. These short crRNAs are known as mature crRNA.  When the virus 

infects the bacterium, the mature crRNA binds to the Cas proteins and guides the Cas proteins towards 

the target viral DNA. The crRNA- Cas protein complex scans the target DNA, and whenever it encounters 

a sequence complementary to the mature crRNA, it understands that it is the previously encountered DNA 

sequence upon infection by the foreign element. The complex then begins to degrade the target viral 

sequence. This process is known as interference. By this way, the bacterial communities have adapted a 

mechanism to snip the foreign genetic elements and acquire immunity against viruses and plasmids (Fig 

1). 

Classification of the CRISPR –Cas System 
CRISPR –Cas’s system is classified into two classes viz., class I and class II system.  In class I system, the 

degradation is mediated by a cascade of multiprotein complex. This includes type I, type  III and type IV 

systems which  are characterized by signature gene sequences of Cas 3, Cas10 and CsfI protein. In class II 

system, the interference or degradation is mediated by a  single large Cas protein. This includes type II, 

type V and type VI systems which are signature sequences of Cas9, Cas12 and Cas13 proteins respectively. 

Moving from an Acquired Immunity System to a Gene Editing Mechanism 
Among the various CRISPR-Cas types, the class II-type II CRISPR-Cas9 system became the most 

frequently used system for research on bacterial immunity by the scientific community, owing to its simple 

structure. This system requires two RNA molecules viz., a  trans activating crispr RNA (tracr RNA)  and 

the cr-RNA. These two RNA molecules form a dual complex for activating the cas9 protein and mediating 

the degradation of the viral particles. It was in 2012 that CRISPR-Cas’s system became a revolutionizing 

genome editing technology, when Jennifer Doudna and Emanuelle Charpentier demonstrated that 

CRISPR-Cas9 system can be used as a genetic scissor for cutting and inserting target sequences by fusing 

the tracr RNA and the crRNA into a single RNA molecule known as single stranded guide RNA.  

Now let us assume that one needs to edit a particular sequence in a human genome. Rather than relying 

on the bacterial system, scientists can now synthesise a short RNA molecule containing a unique 20bp 

sequence that matches the specific DNA sequence in a human cell, along with a protospacer adjacent motif. 

For gene editing, the CRISPR-Cas9 comprises of two components, a) the single stranded guide RNA which 

contains the unique 20bp sequence synthesized to complement the DNA target site and b) Cas9 protein. 

Instead of the short viral DNA fragments, a small piece of RNA is synthesized along with a guide sequence 

and integrated into the CRISPR array.  This guide RNA binds to the Cas9 protein. The synthesized guide 

RNA is used to recognize the target DNA sequence and the Cas9 protein cuts the DNA sequence in the 

target location. A new customized DNA sequence can be inserted in the place of the existing sequence or 

the cut fragments can be joined back by the cell’s own repair mechanism. 

Challenges in Using the CRISPR-Cas9 Gene Editing Technology 
From 2013 onwards publications began to pour in, as several research groups demonstrated the use of 

CRISPR-Cas9 system to cut, insert and modify the genome of humans, mice, zebrafish, plants and several 
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other organisms. Since then, the technique has turned out to be a buzzing bee in science, finding promising 

applications in prevention and treatment of complex human diseases, organ transplantation, epigenetic 

modifications, quality improvement and biofortification of crops. However, the technique is still at its 

infancy stage. Precision and accuracy with which the target sequences are edited seems a concern. A 

research from Francis Crick Institute in 2020, has cast doubts about the safety of the CRISPR-Cas’s system. 

While editing a particular genomic region, there exists a possibility of unidentified changes occurring 

elsewhere in the genome. Plunging into clinical trials without validation poses risk.  Another serious ethical 

concern is also growing particularly while altering human genomes.  In humans the CRISPR-Cas9 system 

can be used to edit the DNA in somatic cells or in the reproductive cells. Gene editing in the somatic cells 

causes non-hereditary changes, while gene editing in germline cells such as sperms and eggs can cause 

changes that are transmitted from the parents to off-springs. In May 2015, when the human embryos were 

subjected to gene editing for the first time, a worldwide concern arose on whether the technique would pave 

way for the man’s greed to develop high tech gene edited babies, for instance generating babies with high 

IQ levels and so on. The long-term impact of such man-made edits and their unintended changes in the 

human genome remains yet to be discovered. 

 
Fig 1: CRISPR-Cas9 system 
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Zeolites are crystalline aluminosilicates, compositionally similar to clay minerals, but differing in their 

well-defined three dimensional, nano and micro porous structure. Zeolites have a porous structure that can 

accommodate a wide variety of cations such as Na+, K+, Ca2+Mg2+ and others. 

Definition 
A zeolite mineral is a crystalline substance with a structure characterized by a framework of linked 

tetrahedra, each consisting of 4 oxygen atoms surrounding a cation. This framework consists of open 

cavities in the form of channels and cages. These are usually occupied by H2O molecules and extra frame 

work cations that are commonly exchangeable. 

Origin of Zeolites 
Identification of zeolite as a mineral goes back in 1756. Collected crystal from the Cu mine in Sweden. Upon 

Rapidly heating produces large amount of steam from water which is absorbed by the material. It was 

discovered by swedish mineralogist Alex Fredrik Cronstedt. He called those materials zeolite from the 

greek word meaning boiling stones due to its ability to froth when heated to above 2000C. 

History and Occurrence of Zeolites 
Found in volcanic rocks for a period of 200 years. Natural zeolites form when volcanic rocks and ash layers 

reacts with alkaline ground water. Found as secondary minerals in the Deccan basalt of the western Ghats 

in Maharashtra. Vertisols contain lot of Zeolites 77.2–81.0 mg per kg (Pal, 2003). Japanese farmers have 

used zeolite rock for years to improve the moisture content and to control the offensive odour of animal 

wastes and to increase the pH of acidic volcanic soils (Bernardi et al., 2014.). 

Framework Structure of Zeolite 
Two types of building units namely, primary and secondary. Zeolite structure contains a primary building 

unit (PBU) is the simpler building compared to secondary one. This is because, in PBU, a tetrahedron of 

(TO4) of 4 oxygen ions surrounding a central ion of either Si4+ or Al3+. 

 

These PBU are linked together to form a three-dimensional framework and nearly all oxygen ions are 

shared by two tetrahedral.  Zeolite framework is based on an extensive three-dimensional network in which 

the polyhedral sites, usually tetrahedral, are linked by oxygen atoms. Zeolites have large vacant spaces or 

cages within and resemble honeycomb or cage like structures. The presence of aluminium results in a 

negative charge, which is balanced by positively charged cations. 
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General Formula of a Zeolite 
M2/nO.Al2O3.xSiO2.yH2O 

Where,  

M = generally a metal, non-metal and organic cations may also balance the negative charge created by the 

presence of Al in the structure. 

Well Known Natural Zeolites 
Clinoptilolite (Na,K)6(Al6Si30O72) • 20H2O 

 

Mordenite (Na2, K2, Ca)4(Al8Si40O96) • 28H2O 

 

Chabazite (Ca0.5,Na,K)4(Al4Si8O24) • 12H2O 

 

Stilbite  [NaCa4(Al9Si27O72 ) • 30H2O] 

 

Philipsite K2(Ca0.5,Na)4(Al6Si10O32) • 12H2O 
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Physical Characteristics of Some Naturally Occurring Zeolites 

 

Agricultural Use of Zeolites 
Zeolites are used in mineral fertilizer industry as slow release and as carriers of active ingredients. The 

application of zeolite to the fertilizers is to retain the nutrients for longer time. (DeLuca and DeLuca, 1997). 

Application of zeolite mainly helps to control the leaching of different forms of nitrogen in the soil. Another 

importance is that it can maintain the water balance of the soil. That is, due to its porous structure it can 

hold more water. This property can be utilized in water scares area. Zeolites are used as artificial soil. The 

cultivation of crops with the artificial soil containing zeolite with or without peat, vermiculate etc are 

termed as zeoponics (Mumpton, 1999). It also plays an important role in Aquaculture. The use of zeolite in 

soil reclamation is another important use of this nano particle in agriculture. The zeolite can increase the 

pH of the acidic soil (Szerement et al., 2014). Many soils are amended with zeolites for improving the 

physical, chemical and biological properties of the soil. In general, we can say that zeolites are essential for 

agriculture now days as well as future. 

Zeolite as a Soil Amendment 
Zeolites are micro porous, crystalline alluminosilicate of alkali and alkaline materials with high internal 

surface area. So, can reduce losing soil in arid and semi-arid regions by soil improving soil physically. These 

are like storage tank which absorbs the water provided through irrigation and rainfall and reduced the 

permeability of soil. Zeolite improve the lateral spread of water into the root zone during irrigation (Polat 

et al., 2004) and in drought stress condition water saved in the polymer is gradually adopted and limit need 

for re irrigation.  

The changes in soil physical properties carried out by addition of Zeolites in the large-scale test led to 

increase in the soil water retention capacity and also decrease the percolation (Colombani et al., 2015). 

Zeolite application in lands which are exposes to late sown drought stress can keep soil water content and 

improve plant growth with production (Rad and Abbasian, 2011). Because of the porous structure of natural 

zeolites which helps to keep the soil aerated and moist as well as active for long period of time. Zeolite is 

not acidic in nature but marginally alkaline and if amended with fertilizers can help buffer soil pH levels 

and may reduce the lime. 

Zeolite and Nutrient Use Efficiency 
Nutrient use efficiency can be explained as the yield which is produced by unit input applied.  So, it is very 

essential to improve the nutrient use efficiency. Improving nutrient use efficiency can increase crop 

productivity. But it should be without harming the environment.  

Zeolites can enhance the efficiency of nutrient use by increasing the accessibility of P from phosphate rocks, 

and the consumption of NH4, N and NO3, reduce loss by leaching of K+ and also act as a slow releaser of 

fertilizer without harming the environment (Allen et al., 1993). The use of zeolites could be beneficial for 

retention of nutrient in soil and their use efficiency. Thus, the use of zeolites in acid soil where the nutrient 

not retain, is useful in maize cultivation (Ahmed et al., 2010).  

The nitrogen molecules are retained by electrostatic attraction, modification of molecular angles, single 

and double bonds occur in Zeolite (Park and Komarnent, 1998). Pores in clinoptilolite framework are so 

small for cations like ammonium and potassium to enter but too large for nitrifying bacteria to enter means 

ammonia after holding by cation exchange sites within the clinoptilolite is not to be leached easily as water 
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passes through it (Ramesh et al., 2010). Clinoptilolite not only improves the Nitrogen fertilization 

efficiencies but also reduces nitrate leaching by inhibiting the nitrification of ammonium to nitrate (Perrin 

et al., 1998). Zeolite has shown their ability to increase the solubalization of phosphate minerals leading to 

improved Phosphorus uptake and yield of crop (Ramesh et al., 2010). Ammonium charged zeolites shows 

that they increased the solubalization of bone ash of animal which mainly contain the Phosphorus 

(Lancellotti et al., 2014) and also increased the solubility of Rock Phosphate (Allen et al., 1993). 

Zeolite Impact on Other Soil Properties 
Zeolites as soil amendment enhance soil physical, chemical and biological properties. Zeolite increases the 

soil pH and exchangeable Potassium and helps in enhancing salt and water holding capacity of the soil 

(Filcheva and Tsadilas 2002). Post-harvest analysis of the soil shows that there is high concentration of 

Calcium, Magnesium, Sodium, and Potassium ions due to saline water specially in upper layer of soil, but 

the soil treated with zeolites having lower concentration of the above minerals. Zeolite also promoted the 

formation of soil aggregate that increase in soil porosity and decreasing soil bulk density and improving 

the output of crops (Xiliang et al., 1991). 

Soil microorganism plays vital role in organic matter decomposition and soil fertility. Higher the rate of 

soil microorganism in soil higher is the rate of decomposition of organic matter in soil. Research shows that 

total number of bacteria, the microscopic fungi, and nitrifying bacteria increased by addition of 30% of 

zeolite treated soil (Katai et al., 2010). However, studies related to impact of zeolites as soil amendment on 

soil microbial diversity is very limited. 

Zeolites of Agricultural Importance 
1. Improves soil physico-chemical and microbial properties. 

2. Slow release of nutrient. 

3. As soil amendment. 

4. As a carrier of nutrients. 

5. Enhances organic manure (farmyard manure/poultry) use efficiency. 

6. Enhances nitrogen use efficiency. 

7. Improves phosphorus use efficiency. 

8. Improves herbicide use efficiency. 

9. Improves water use efficiency. 

10. Improve crop yields. 

11. Remediation of heavy metal contaminated soils. 

12. Waste water treatments. 

Intensive and imbalance use of fertilizers has severe negative impact on soil quality. And in this scenario, 

it is an urgent need to explore the possibility of different soil amendment to improve soil quality. In this 

review significant positive impact of zeolites as soil amendment are discussed. Extensive research is 

required to explore the zeolites farming is required; consequently, it may enhance agricultural 

sustainability in India. 
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Introduction 
The impact of coronavirus pandemic on India has been largely affect in terms of economic as well as a loss 

of human beings.  All the sectors have been adversely affected like that domestic demand and exports 

sharply affected with some notable exceptions where high growth was observed. In this article an attempt 

is made to analyse the impact on some key sectors. 

Food and Agriculture 
The government announced essential category to the agricultural sector, the impact is likely to be low on 

both primary agricultural production and usage of agro-inputs, as agriculture is the backbone of the 

country. The free movement of fruits, vegetables, milk etc  by several state governments have already 

allowed and online food grocery platforms are heavily impacted due to unclear restrictions on movements 

and stoppage of logistics vehicles. 

Aviation and Tourism 
The GDP contribution of the Aviation Sector and Tourism stands at about 2.4% and 9.2% respectively. This 

sector served approximately 43 million people in18-19. These were the first industries that were hit 

significantly by the pandemic. Aviation and Tourism have been facing with severe cash flow issues since 

the start of the pandemic and are staring at a potential 38 million lay-offs, which translates to 70 per cent 

of the total workforce. Aviation and Tourism industries  approximately losses of about 85 billion Rupees 

due to travel restrictions, According to IATO. 

Telecom 
Due to brief price wars between the service providers, there has been a significant number of changes in 

the telecom sector of India even before the COVID 19. Most essential services and sectors have continued 

to run during the pandemic, due to the implementation of the ‘work from home’. The telecom sector 

contributes about 6.5 per cent of GDP with over 1 billion connections as of 2019  and employs almost 4 

million people. Due to Increased broadband usage had a direct effect and resulted in pressure on the 

network. The demand of broadband has been increased by about 10%. But the Telecoms are affecting for a 

great drop in adding new subscribers. 

Pharmaceuticals 
Since the start of the Covid-19 pandemic, the pharmaceutical industry has been on the rise, especially in 

India. It has been surging in India, exporting Hydroxychloroquine to the world, esp. to the US, UK, Canada, 

and the Middle-East, with a market size of $55 billion during the beginning of 2020. Due to the pandemic, 

there has been a recent rise in the prices of raw materials imported from China. 

Due to heavy reliance on imports, Generic drugs are the most impacted, disrupted supply-chain, and labour 

unavailability in the pharmaceutical industry, caused by social distancing. Because of the government-

imposed bans on the export of critical drugs, equipment, and PPE kits to ensure sufficient quantities for 

the country, the pharmaceutical industry is struggling.  

Due to low accessibility and the increasing demand for these drugs, is making things harder. For easing 

the financial stress on the pharmaceutical companies, tax-relaxations and addressing the labour force 

shortage could be the differentiating factors in such a desperate time. 
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Oil & Gas 
This industry is quite significant in the global context. It is the third-largest energy consumer only behind 

USA and China. It contributes to 5.2% of the global oil demand. Due to complete lockdown across the 

country the demand of transport fuels slowed down (accounting for 66 percent demand in this sector) as 

auto & industrial manufacturing declined and transportation   (both bulk & personal) fell. In spite of the 

crude prices dipped in this period, the government increased the excise and special excise duty to make up 

for the revenue loss, and also road cess was raised too. 

Effect of Covid-19 on GDP 
Table: Growth of GVA and GDP at constant prices percentage: 

 2017-18 2018-19 2019-20 Percentage change in growth 

rate in 2019-20 over 2018-19 

GVA at basic prices 6.9 6.6 4.9 -1.7 

Agriculture and Allied sector 5.0 2.9 2.8 -0.1 

Industry 5.9 6.9 2.5 -4.4 

Mining and quarrying 5.1 1.3 1.5 -0.2 

Manufacturing 5.9 6.9 2.0 -5.0 

Electricity, Gas, Water, 

supply and other utility 

services 

8.6 7.0 5.4 -1.6 

Construction 5.6 8.7 3.2 -5.6 

Services 8.1 7.5 6.9 -0.7 

Trade, Hotel, Transport, 

Communication and services 

related to broadcasting 

7.8 6.9 5.9 -1.0 

Financial, Real estate and 

professional services 

6.2 7.4 6.4 -1.1 

Public, administration, 

defence, and other services  

11.9 8.6 9.1 -0.5 

GDP at market Prices 7.2 6.8 5.0 -1.8 

Source: National Statistic Office, 2020. 

Beyond Covid-19: The New Normal 
It is evident that the current downturn is fundamentally different from recessions, in view of the scale of 

disruption caused by the pandemic. Due to sudden shrinkage in demand & increased unemployment is 

going to alter the business landscape. By adopting new principles like ‘shift towards localization, cash 

conservation, supply chain resilience and innovation’ will help businesses in treading a new path in this 

uncertain environment. 

Conclusion 
From the above study we can say that the covid-19 is significantly affect the all sectors of Indian economy. 

Food and Agriculture sector is less affected by the covid, because these are the essential commodities. 

Telecom industry was affected by not aiding new connection. All other sectors are significantly affected due 

to the covid. 
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Behaviour 
The response of an organism to a stimulus (exogenous and endogenous) from the environment is termed as 

behaviour. There is a thought that behaviours have been evolved as a result of the pressure of natural 

selection. There are two kinds of behaviour mainly exhibited by insects namely. 

1. Innate (or instinct) behaviour is hereditary which include taxes, kinesis and reflexes. It is most important 

behaviour because of there is no risk of wrong behaviour being learned. 

2. Learned (experienced) behaviour is not inherited and simple learned behaviours are habituation and 

imprinting. Its flexible and dynamic which can be altered according to the environmental changes and also 

riskier one. 

Eventually every research investigation pertains to any of four major concerns regarding a behaviour as 

indicated by the pioneering ethologist Niko Tinbergen in his classic paper: 

a. Causational (the nature of the immediate stimuli that evoke it) - mechanistic explanations of 

individual responses to stimuli, both internal and external. 

b. Developmental (the way in which it develops) – explanations based on ontogeny starting with 

DNA and progressing through life stages from immatures to adult. 

c. Functional (the survival function it has) – explanations of adaptive significance based on 

presumed selective advantage. 

d. Evolutionary (how it has evolved) – explanations that attempt to reconstruct the phylogenetic 

history of a lineage often using a comparative approach. 

Above mentioned are the Tinbergen’s four questions for basic approaches to the study of animal behaviour 

and it has become axiomatic in behaviour study. Others viewing theses four questions and realized to put 

into just two kinds of approaches viz., proximate approach and ultimate approach. Among the Tinbergen’s 

four questions, causational and developmental are proximate (how organism work) and Functional and 

evolutionary are ultimate (why organisms are the way they are). Proximate and ultimate approaches to 

biology are complementary way of understanding a living system and also these two explanations are 

overlapping approaches in biology because each informs the others. However, taken different approaches 

and explanations together for studying the behaviour provide us a fairly complete understanding of it. 

Proximate Approach 
1. Proximate explanations focus on immediate causes of a behaviour those are happen during a specified 

organism’s life. 

2. Proximate analysis deals with ‘how’ living systems work which explain the mechanism that underlie a 

biological system 

3. It can also be called as mechanistic questions because of they deal with mechanism. 

Ultimate Approach 
1. Ultimate approaches deal with evolutionary forces that have shaped a trait over time and we can simply 

say that these comprises the questions about how living systems evolved. 

2. Ultimate analysis aims to answer the questions about ‘why’ living systems (organism) are the way they 

are. 
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Examples 
1. Housefly drawn to the sugar: 

a. In proximate explanation sugar acts on the fly’s sensory system (Tinbergen’s ‘causational stimuli’) 

or perhaps the physiological events that happen inside fly’s brain (developmental). 

b. In ultimate analysis way is that sugar attraction might be increases flies’ chance of survival long 

enough to reproduce (functional) or the selective forces in the past evolutionary history that has 

favoured sugar preferring individuals (evolutionary) and whether house fly relatives exhibit similar 

responses to sugar. 

2. Golden jellyfish migrates across the lake each and every day in Papua New Guinea: 

a. In morning and evening times they used to find west sides and during the day time they find in 

the east side. 

b. Proximate explanation of this golden jellyfish migration behaviour is photosensitive neurons and 

nervous system allow the swimming behaviour to be coordinated with light. 

c. Ultimate explanation of this behaviour is symbiotic algae dependent on photosynthesis that 

provides nutrition to the jellyfish. Jellyfish contained some specific alleles that allowed them to 

expose to maximum sunlight as possible for maximization of photosynthesis and maximization of 

energy production and this was enhanced their reproductive fitness relative to jellyfish without 

those alleles. 
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Abstract 
Few species of E. nigrum are biocontrol agents, while other are pathogenic on different host plants. 

Numerous scientists were reported that E. nigrum was antagonist, antifungal and antidiabetic for fungal 

pathogens. However, it is eco-friendly, cheap, safer that other alternative fungicides. It is an omics 

approach to study about bioactive metabolites. Nowadays, the research interest on antimicrobial properties 

on biocontrol agents. 

Keywords: Morphology, Endophytic, fungal species. 

Introduction 
Endophytic fungi act as latent infection or non-pathogenic infection with living plant leaf tissue (Sieber et 

al. 1988). Endophytes were found in plant families under varied climate (Bussaban et al. 2001).It might be 

pathogenic for several crops, it is used for biotechnological purpose, best in studies on host-pathogen 

interaction(Carroll ,1991), as bicontrol agents (Schardl et al. 1991) and also source of metabolites (Fisher 

et al. 1994). Most of the Epicoccum spieces are saprophytic in nature and reside in marine plant s and 

animals also. However, some scientists were reported it is a source for bioactive metabolites. The fungal 

Epicoccum spp. isolated from Aurelia aurita (Jelly fish) inner tissue and peptide also isolated from 

Phenopyta acts an antioxidant and also found fruiting bodies of other fungi like i.e., Cordyceps sinensis and 

Pholiota squarrosa of tree fungus,  marine sponge (Tethya aurantium).and also from Mentha suaveolens 

(leaves), Lysidice rhodostegia (Tropical plant) (Larron et al., 2002). 

Morphology Characteristics 
The E. nigrum is a wheat microbiome (Farr and Rossman 2014) come under order Pleosporales, 

Ascomycotina phyla, included in family Leptosphaeriaceae in class Dothideomycetes. The growth of fungus 

in Sabouraud Dextrose Agar medium, colonies were orange color pigments, bright red, yellow and brown 

colour. The fungus growth around temperature -3 to 450C at around pH 3 to 4.5. The conidiophores. The 

size of the conidiophores  15 -25 microns and are grouped in clusters. The conidia are dark brown, globose 

and muriform with soccer ball appearance. 

Biocontrol Management 
E. nigrum is shown antagonistic effect on pathogenic fungi, but with combination with other fungi or plant 

extract would be more antagonists effect inhibition growth of the fungi.(Nicolaisen et al., 2014). Luongo et 

al., 2005 reported that E. nigrum and Clonostachys rosea  showed antagonistic activity on reduced growth 

of Fusarium graminearum on wheat straw. Additionally, Zymoseptoria tritici  and Drechslera tritici-

repentis reduce the sporulation growth and disease severity under  polyhouse condition (Perello et al., 

2002). In sugarcane roots the E. nigrum would inhibit the growth of  Fusarium spp.(de Lima Favaro et al., 

2012).In Magnaporthe grisea fungal growth was suppressed by 97.6% by crude extract of E. nigrum (Sena 

et al., 2013). E. nigrum inhibiton radial growth in Pythium  ultinum and P. debaryanum and biofilm  of 

cotton seeds (cv. Giza 83) reduced the  root rot. Li et al., 2013 also found that the XF strain of  E. nigrum 

in dual culture test showed in inhibition growth of Phytophthora infestans  which act as potential biological 

control agent. In phyllosphere microorganism, Monilinia laxa (twig blight of peach) where E. nigrum acts 

as biological control (Pascual, 1996) and also used in Post-harvest physio-chemical treatment reduced the 
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growth of Monillia spp on nectarine.(Mari et al., 2007). Under greenhouse it reduced the leaf stem 

(sclerotium rot) disease on snap beans by 78.4% and detached leaf assay,78% reduction of leaf diseases 

(Zhou and Reeleder, 1989). Many scientists have been focused studies on antifungal activity, anti-cancer, 

antibiotic, anti-diabetic, anti-microbial metabolites from this pathogen. The E. nigrum is best biological 

active pathogen showed antagonists, inducing resistance, malformation of hyphae, degradation of 

protoplast and cytoplasm for pathogenic microorganisms. 
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Introduction 
Geranium is one of aromatic and herbaceous bushy perennial annual plant commercially grown for its 

essential oil. It is also being grown for ornamental purpose (cut flowers for decoration). This plant is also 

known as poor mans 'rose'. The oil extracted from the leaves, stems, flowers of the geranium plant have 

excellent health benefits and used in aromatic treatment. The commercial oil of geranium is extracted from 

Pelargonium graveolens of the family Geraniaceae. Geranium is a genus of 420 species of flowering 

perennial plants that are commonly known as the cranesbills. When it comes to plant description, the stem 

of geranium plant is cylindrical, woody at the base, pubescent, green when young and turns brown with 

age. The leaves of this plant are highly aromatic in nature. The plant leaves /flowers have strong rose-like 

odour and this plant is also known as rose geranium. This plant is native to south office and used cosmetic 

and perfumery industries. The main ingredients of the oil are geraniol and citronellol and the pure 

geranium oil is almost a perfume by itself and blends very well with all other perfumes. As the cost of 

essential oil is very high, the commercial cultivation if geranium would be profitable provided there are 

ideals conditions for this pant cultivation. 

Health Benefits of Geranium 
Some of the health benefits of Geraniums are given below: 

1. Geranium oil is good astringent and reduces the wrinkles and oil has diuretic properties (Increases the 

urination, this will flush out an; toxins). 

2. It has a very pleasant aroma, comparable to a combination of floral fragrances and mint aroma 

3. Geranium oil can treat acne, dermatitis and other skin diseases, helps in relieving stress and reduces 

depression. 

4. Geranium oil has anti-inflammatory properties & helps healing wounds. 

5. Works as a good insect repellent & bug bite healer. 

6. Prevent from respiratory infections. 

7. Good for teeth and gum health. 

8. Helps in relieving from the effects of menopause and good  for hormonal balance. 

9. Geranium oil helps in reducing blood pressure. 

Package of Practices 
Climate Requirement for Cultivation: Geranium crop can be grown in various climatic conditions in 

tropical, sub-tropical and temperate regions. However, it grows best in Sub-tropical climatic conditions 

with humid atmosphere. It can be grown at various altitudes from 1000 meters to 2000 meter (msl). This 

crop requires well distributed rain fall of 1000 mm to 2000 mm throughout its growth period. Heavy rainfall 

causes many diseases like root rot and thus decreasing the yield. The ideal temperature for its cultivation 

sub-tropical regions is 6°C to 24°C. However, this crop can survive in lower altitudes and temperatures up 

to 42°C in plains under irrigated cultivation. 

Soil Requirement: Geranium crop requires well-drained porous soil rich in organic matter. This crop is a 

shallow-rooted crop and thrives best in red-lateritic soils with a pH value of 5.5 to 6.5, though it is ideal to 

have calcium rich porous soil. 

Land Preparation: Geranium crop is long standing crop hence it is required to have well establishment 

of plants. It is recommended to bring the soil to fine tilth stage after removing any previous crop weeds. 

Field / Land should have gentle slope and should have proper shelter to survive from heavy winds. 
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Varieties: In India, some of the varieties under these species include are; Algerian or Tunisian, Reunion 

or Bourbon, KKL-1, Sel-8, Hemanti, IIHR-8, Kodaikanal 1, Egyptian, Bipuli, and Kunti are the popular 

varieties under cultivation 

Propagation, Planting, and Spacing: Usually propagation of Geranium is done by cuttings as there is 

no seed setting in these species during November. Terminal cuttings from healthy plant of 15-20 cm long 

with 6-8 nodes propagated through vegetative method gives best planting material where 80 to 85% of 

rooting without any treatment. Except for the first 3 to 4 leaves of the plant from the top, the rest should 

be trimmed and a slant cut should be made with a sickle (sharp knife) just below 6th to 7th node. Then it 

should be dipped in 0.1 % of Benlate solution for 10 to 30 seconds or 0.1 % Carbendazim, then in 200 ppm 

IBA or 0.3% Dithane M-45. 

These treated cuttings should be planted in nursery beds at 5 to 6 cm spacing. These cuttings should be 

irrigated twice a day under proper shade environment. These cuttings would be ready for transplanting in 

the field after 60 days from planting in nursery beds (however, the rooting of cuttings can be accomplished 

within about 20 days' time under mist conditions). The rooted cuttings should be treated with 0.1% Benlate 

solution or 0.3% Dithane M-45 and transplanted immediately at 60 cm x 60 cm spacing in the field. Planting 

should be done after first monsoon showers in case of rain fed crop. Number of cuttings needed for 1 acre 

land is about 10,000- and 1-hectare land is for 25,000. 

 

Irrigation: The field is irrigated on alternate days for one month, there after the crop is irrigated at 8–10-

day intervals. Crop requires moderate irrigation and heavy rains, over watering will result in root rot and 

reduces the yield. In case of irrigated crop, soil moisture should be maintained and in dry and summer 

seasons. 

Manures and Fertilizers management: Geranium crop responds very well to manures and fertilizers. 

The following inputs are recommended in Geranium cultivation. 

Well decomposed FYM 15 t/ha and NPK 25:60:60 kg/ha are applied as basal. Remaining 125 kg N/ha in 5 

equal splits is applied at every 2 months interval. During June-July of every year, ZnSo4 20 kg/ha and 

Boron 10 kg/ha are applied. 

Foliar application of N is reported to be highly beneficial in increasing herbage and oil yield. Improved oil 

yield was attributed to increase in the leaf area, bigger epidermal cells and a greater number of oil glands 

per unit area. Agromin, a commercial micronutrient formulation, is reported to improve herbage yields 

when applied at 1% concentration after each harvest. 

Intercultural Operations: Proper intercultural operations are essential for healthy growth of geranium 

plants. Keep the field always weed free by giving shallow cultivation (This crop is a shallow rooted hence 

care should be taken for not damaging the plant roots). The growth of the crop is slow during initial period 

therefore the crop may require one weeding after about 45 days from planting and one hoeing after each 

harvest. Pruning of Bushes is necessary when they show signs stubby laterals. The plant branches should 

cut back to 15 to 20 cm once 4-5 years at the beginning of the monsoons. 

Intercropping: Blackgram can be taken up as an intercrop with geranium during the first year in the 

initial stages of the crop. One row of blackgram is sown between two rows of geranium, subsequent to 

transplanting of geranium. 
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Pests and Diseases management: Termites are the major insects found in Geranium cultivation. These 

can be controlled by mixing into the soil 25 kg of Heptachlor/ha and irrigating the area. 

Initial under nursery stage reported nematodes (Meloidogyne hapla) apply Carbofuran at 2 kg a.i./ha once 

in 6 months in June and December Wilt is the common disease found in Geranium cultivation. This can be 

controlled by spraying the crop with 0.2% Benlate solution 15 days before the harvest or drench 

Carbendazim 1 g/lit at monthly intervals or 0.3% Dithane M-45. After the harvest treat the cut ends with 

the fungicide and repeat the spray after 15 days. Provide optimal irrigation and give proper hoeing 

operations to ensure healthy growth. Avoid over watering as it increases the incidence of the wilt disease. 

Harvesting: The Geranium crop reaches harvesting stage after about 120 days of transplanting in the 

field. When the leaves begin to turn light green and exhibit a change from lemon like odour to that of rose 

is reddy to harvest. The tender twigs and terminal portion of the plant are harvested. The crop is sprayed 

with 0.1 % Benomyl solution and irrigated immediately after each harvest. Harvesting of leafy shoots 

should be done using sharp sickle and taken for distillation as soon as harvesting is completed. As the 

Geranium crop is perennial and can give good harvests for about 3 to 8 years. One can expect a total of 3 

harvests in a single year.  

Distillation: The oil is extracted from the entire plant using a distillation unit consisting of a distillation 

tank, a condenser and a separator. 

Freshly harvested grass as such or after cutting into small pieces is loaded into the distillation tank. After 

closing the lid tightly, steam is passed into the tank. Steam and the oil vapour condense into liquid in 

condenser and are collected in separator. 

The oil is taken out, cleaned and stored either in aluminium containers or amber coloured bottles. The 

recovery of oil from grass ranges from 0.08 - 0.1 per cent. It takes about 4 hours for complete recovery of 

the oil. 

Oil Contents: The oil of geranium is a clear liquid with light-yellow to light-brown or green colour. It has 

a strong, heavy rose-like odour with a minty top note. The chief constituents of the oil of geranium are 

geraniol and 1- citronellol, the quantities of which vary in proportion, depending upon the origin. Esters of 

these alcohols as acetates, formates and tiglates are also present. Other important constituents of geranium 

oil are isomenthone, linalool, -turpineol, phenyl ethyl alcohol, 3-hexene-1-ol and rose oxides. 

Yield: Yield depends in many factors like soil, weather and variety of the plant along with management 

practices. In this crop Herbage: 25-30 t/ha and oil yield: 25-30 kg/ha first cutting after second and third 

cutting oil yield 15-20 kg/ha. 

Profit and cost of cultivation: The selling price of Geranium oil is about Rs. 10000 to 12000 per kg in 

India. If properly planned, there is a huge scope of getting excellent benefits with this herbal Geranium 

cultivation. 

Roughly 1 hectare crop may cost about Rs. 1,00,000 during first year planting and after 50,000 per years. 

From the average yield of 60-70 kg/annum of Geranium oil gross returns of Rs. 6,00,000 to 7,00,000 per 

year. 

Subsidy Details 
Agriculture, Farmers Welfare and Co-operation Department, Government of Gujarat give subsidy for 

cultivation of Aromatic and Medicinal Crops of geranium 

1. Unit cost: Rs.1.00 lakh/ ha. 

2. 40% of cost, subject to a maximum of Rs.40000/ ha. 

3. For TSP area 50% of cost, subject to a maximum of Rs.50000/- 

4. For a maximum area of 4ha per beneficiary. 

5. Subsidy given for expenditure on planting material and IPM / INM inputs etc. 

6. Additional subsidy given by state government to general category 15% and 25% for reserved category. 

Conclusion 
In recent years, water scarcity, climate change, globalization and lower farmer’s income have emerged as 

major issues In India. So, poor and small farmers, who have very small land holding for crop production 
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point of view cultivation of geranium is a new approach for earn higher income and improve livelihood of 

small-scale farmers. 
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Introduction 
There are many diseases and anomalies of fish that do not fit readily into any of the broad categories of 

infectious diseases or other non-infectious diseases like nutritional, environmental and genetic diseases. 

There are several non - infectious diseases associated with physical or chemical changes in the water, 

diseases associated directly with genetic aberrations and diseases of known causation which do not fit any 

particular category, and there are several well-recognised conditions whose aetiology is still obscure. Those 

diseases are generally mentioned as ‘Miscellaneous non-infectious diseases. Some uncommon non-

infectious diseases are discussed in this article. 

Gas Bubble Disease 
One of the most important of all diseases of cultured fish is the condition generally known as gas - bubble 

disease. Gas bubble disease is a disease of fish that are exposed to water supersaturated with natural gases 

like oxygen, carbon dioxide, or nitrogen. It generally occurs in fish that live in aquariums and it becomes 

prominent whenever there is a change in temperature and pressure in natural environments, aquatic 

turbulence, and a disturbance in biotic metabolisms.  

Symptoms: The Gas Bubble Disease can be detected by the formation of small gas bubbles under the 

epidermis which includes the formation of gas bubbles in the skin, the gills and eyeballs causing 

exophthalmia. The Gas Bubble Disease may cause floating problems due to the excessive amount of gas in 

their bodies, ultimately leading to upside-down swimming and death. 

Caused by: Decrease in pressure, increase in temperature, salinity, nitrogen concentration. 

Prevention: The gas Bubble Disease can generally be prevented by avoiding the factor that causes the 

disease. Aeration is an effective method to stabilise nitrogen and oxygen in water since it can absorb equal 

quantities of oxygen and nitrogen and forces them into the water to maintain a balance for “rearing fish”. 

 

Blue-Sac, White -Spot and Yolk Sac Deformity Disease of Larvae 
Commonly observed in salmonid sac fry. Losses of larval salmonids attributable to a variety of dissolved 

water constituents leading to swelling, deformity or discolouration of the yolk sac.  

Symptoms: Affected fry show an abnormal accumulation of fluid over part of or the entire yolk sac. 

Accumulated fluid takes on a bluish hue to grey. Whitish spots may occur in the yolk or on the surface of 

the sac Exophthalmia is commonly observed in affected fry. The yolk sac may also be pinched at the top to 

produce a dumbbell shape. Losses may be very high and whilst. Growth is retarded and fry is paler than 

normal sac fry.  Blue sac fry is lethargic and gather in quiet areas such as centres of trays and lower ends 

of rearing troughs 
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Causative agent: The cause is imprecisely defined, however infectious agents, physiological factors, 

hereditary, physical and chemical parameters have been suggested. Their occurrence is usually indicative 

that the water supply is unsuitable for hatchery purposes. 

 

Sunburn 
Intense exposure to the summer sun is a well-known cause of skin burn in humans and animals. It might 

be surprising to know that fish also suffer from severe sunburn effects to the point of causing death. Using 

high clarity water source, like most groundwater allow middle and long U-V wavelengths to penetrate 

water for a few centimetres causing sunburn in fish. 

Symptoms: Fish develop skin sores in the areas exposed most directly to the sun, mainly in the top of the 

head, dorsal fin and upper back and caudal fin. The affected skin first appears to turn a whitish colour and 

eventually becomes patchy, thickened and creamy coloured. Fins become frayed with a rough, ragged 

margin, and as the sores develop, the skin flakes off leaving a whitish or pink coloured ulcer exposing the 

underlying cartilage or muscle. 

Caused by: Exposure to direct sunlight, use of certain chemical agents, such as phenothiazine and 

sometimes even antibiotics or other therapeutic agents can cause photosensitization and exaggerate the 

effects of the sun, use of contaminated feed. 

Prevention: If you detect sunburn problems in your fish, try to provide shading, either by covering the 

tank with wood, Styrofoam, shade cloth or other light-shielding material. Reducing overcrowding or 

deepening the water also helps. 

 

Colouration Anomalies 
Many colouration anomalies in fish are of genetic origin, and indeed are often the basis for ornamental 

varieties or strains. Pseudo-albinism is a very frequent feature of cultured flatfishes, in particular, appears 

to be a husbandry related developmental anomaly. Partially pigmented or reverse- pigmented individuals 

are present to a significant level in almost all hatcheries. The exact aetiology is not known. The lesion is 

thought to develop at an early age and to be associated either with the relatively very high levels of lighting 

used in such hatcheries, for maintenance of live food levels, during the critical early feeding stages or with 

lack of some essential nutrient. 
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Ulcerative Dermal Necrosis (UDN) 
The condition now called UDN was first observed in Atlantic salmon and sea trout. The aetiology of UDN 

has never been resolved. Attempts at virus isolation, in a wide range of tissue cultures, by several different 

groups, have all proved unsuccessful. The mortality associated with UDN is almost solely ascribable to the 

effects of secondary invading microorganisms. Because of the imprecise nature of its name and the lack of 

an accurate diagnostic test, several other skin diseases of a variety of species, all associated with secondary 

infection of ulcers, have erroneously been classified as UDN. 

Symptoms: development of small grey erosions, often symmetrically placed on the head or adipose fin. 

Early lesions were restricted to these sites and were not associated with any specific bacterial or fungal 

pathogen. 

 

Physical Deformities 

 

Deformities are a complex mixture of different bone disorders including vertebral and spinal malformations 

such as kyphosis, lordosis, and scoliosis and vertebrae fusion. Other deformities include neck-bend, 

compressed snout, bent jaw, harelip or front and downwards protuberance of the jaw; reduction of the lower 

jaw, short operculum, reduced or asymmetric fins, etc. The development of skeletal deformities is not well 

understood and related to nutritional, environmental and genetic factors. They are induced during the 

embryonic and post-embryonic periods of life. Nutritional factors include deficiency or imbalance of 
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phosphorus, calcium, vitamin C, vitamin A, vitamin K. Heavy metal pollutants like lead, cadmium, zinc 

can cause deformities in fish. Water temperature, genetic factors also play a major role.  

Yet, the uncommon factors leading to physical deformities in fish are walling behaviour of fish, Vertebra 

damage as a result of the electrical shock of the electrofishing, low dissolved oxygen and radiation. 

Acute Anaphylaxis 
Rarely, particular stocks of fish, especially omnivores such as tilapias or carps, fed on very high - protein 

diets, can develop an acute food allergy. Within seconds of feeding, a large proportion of the population goes 

into extreme rigour with all fins erect and very dark in colour, and body rigid and twitching. Such fish can 

be readily removed from the water and their fins remain erect. If left quietly they usually recover until the 

next meal. The effect can be prevented experimentally, in such allergic stock, by premedication with 

chlorpromazine, but the actual trigger is unknown. 

Lightning Strike 
Lightning strikes on fish-holding facilities, whether direct, where the fish are held in cages or outdoor tanks 

or ponds, or indirect where a building containing the fish stocks is struck, can induce major losses from 

electrocution. Affected fish are usually dark, may all have open mouths and usually, especially if they are 

of any size, have the characteristic spinal fracture and associated haemorrhage in the thoracic lumbar area 

which results from bilateral hyper contracture of the myotomes. Similar lesions may be seen when large 

fish are exposed to electric shock by accident or for slaughter. They may even be observed when exposed to 

excessive DC during electrofishing procedures. 

Conclusion 
These diseases occur very rarely in the wild as well as in cultured fishes. Since it is uncommon, there are 

very limited studies. The mortality rate and economic loss due to these diseases are very low. Hence it lacks 

in-depth study related to its consequences and treatment. There are still many diseases whose aetiology is 

unknown. The unexplored study area opens up the future aspects of the study. 
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Conservation Agriculture (CA) 
“A concept for resource-saving agricultural crop production that strives to achieve acceptable profits 

together with high and sustained production levels while concurrently conserving the environment” given 

by FAO. 

Conservation is the use of resources in a manner that safely maintains a resource that can be used by 

humans. 

Principles in Conservation Agriculture 
The Food and Agriculture Organization of the United Nations (FAO) has determined that CA has three 

key principles that producers (farmers) can proceed through in the process of CA. 

1. Minimum tillage. 

2. Permanent soil cover. 

3. Crop rotation. 

 

Minimum Tillage 
The first key principle in CA (Conservation Agriculture) is practicing minimum soil disturbance which is 

essential to maintaining minerals within the soil, stopping erosion, and preventing water loss from 

occurring within the soil. In the past agriculture has looked at soil tillage as a main process in the 

introduction of new crops to an area. It was believed that tilling the soil would increase fertility within the 

soil through mineralization that takes place in the soil. Also tilling of soil can cause severe erosion and 

crusting which leads to a decrease in soil fertility. Today tillage is seen as destroying organic matter that 

can be found within the soil cover. No-till farming has caught on as a process that can save soil organic 

levels for a longer period and still allow the soil to be productive for longer periods (FAO 2007). Additionally, 

the process of tilling can increase time and labor for producing that crop. Minimum soil disturbance also 

reduces destruction of soil micro and macro-organism habitats that is common in conventional ploughing 

practices. 

Permanent Soil Cover 
The second key principle in CA is much like the first in dealing with protecting the soil. The principle of 

managing the top soil to create a permanent organic soil cover can allow for growth of organisms within 

the soil structure. This growth will break down the mulch that is left on the soil surface. The breaking down 

of this mulch will produce a high organic matter level which will act as a fertilizer for the soil surface. If 

CA practices were used done for many years and enough organic matter was being built up at the surface, 

then a layer of mulch would start to form. This layer helps prevent soil erosion from taking place and 

ruining the soil's profile or layout. The presence of mulching also reduces the velocity of runoff and the 

impact of rain drops thus reducing soil erosion and runoff. 
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Crop Rotation 
The third principle is the practicing diverse crop rotations or crop interactions. 

 

According to an article published in the Physiological Transactions of the Royal Society, “Crop rotation can 

be used best as a disease control against other preferred crops. This process will not allow pests such as 

insects and weeds to be set into a rotation with specific crops. Rotational crops will act as a natural 

insecticide and herbicide against specific crops. Not allowing insects or weeds to establish a pattern will 

help to eliminate problems with yield reduction and infestations within fields. Crop rotation can also help 

build up soil infrastructure. Establishing crops in a rotation allows for an extensive buildup of rooting zones 

which will allow for better water infiltration .Organic molecules in the soil break down into phosphates, 

nitrates and other beneficial elements which are thus better absorbed by plants. Plowing increases the 

amount of oxygen in the soil and increases the aerobic processes, hastening the breakdown of organic 

material. Thus, more nutrients are available for the next crop but, at the same time, the soil is depleted 

more quickly of its nutrient reserves. 

Benefits 
The FAO believes that there are three major benefits from Conservation Agriculture: 

1. Within fields that are controlled by CA the producer will see an increase in organic matter. 

2. Increase in water conservation due to the layer of organic matter and ground cover to help eliminate 

transportation and access runoff.  

3. Improvement of soil structure and rooting zone. 
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Introduction 
Agriculture generates 17 per cent of GDP, provides 50 per cent of employment, and sustains 600 million 

people i.e. half of India’s population. However, changes in temperatures and rainfall patterns are likely to 

have major effects on agricultural output (Lobell, Schlenker, and Costa‐Roberts, 2011). Risks associated 

with agriculture calls for a broad spectrum of policy responses and strategies at different levels. Crop 

insurance is one among the anticipatory adaptation measures proven worldwide as an effective 

institutional mechanism to overcome the various risks related to agriculture. The basic principle 

underlying crop insurance is that loss incurred by a few is shared among others in an area, engaged in a 

similar activity.  Also, losses incurred in bad years are compensated from resources accumulated in good 

years (Dandekar, 1976). 

Evolution of Crop Insurance in India 
The system of crop insurance has undergone several changes in India. Different crop insurance schemes 

have been introduced from time to time in India: 

1. First Individual Approach Scheme 1972-1978: introduced by General Insurance Corporation (GIC) of 

India for Cotton, Groundnut, Wheat and Potato. 

2. Pilot Crop Insurance Scheme (PCIS) 1979-1984: based on the ‘Area Approach’ was implemented in 12 

states till 1984-85.  

3. Comprehensive Crop Insurance Scheme (CCIS) 1985-99:  first nation-wide scheme based on the 

‘Homogenous Area Approach’; was made compulsory for loanee farmers.  

4. National Agricultural Insurance Scheme (NAIS): introduced from Rabi 1999-2000, mandatory for loanee 

and optional for  non-loanee farmers. 

5. Pilot Weather Based Crop Insurance Scheme (WBCIS): launched in kharif 2007, to provide insurance 

protection to the farmers against adverse weather incidences. 

6. Modified National Agricultural Insurance Scheme (MNAIS): implemented from Rabi, 2010-11 with 

modified features like reduction of insurance unit to the village panchayat level, post-harvest loss coverage 

in coastal areas. 

At present, crop insurance system in India consists of four following schemes: 

a. Pradhan Mantri Fasal Bima Yojana (PMFBY): launched in 13th January 2016, replacing the 

NAIS and MNAIS. 

b. Restructured Weather Based Crop Insurance Scheme (RWBCIS): launched in 2016; a 

modification of earlier WBCIS. Under this, the premium rates have been made at par with that 

under PMFBY. 

c. Coconut Palm Insurance Scheme (CPIS) - operational since 2009-10 for Coconut Palm growers in 

selected areas.  

d. Pilot Unified Package insurance scheme (UPIS) - operational on pilot basis since 2016 in 45 

districts of the states. It gives comprehensive risk coverage to the farmers. 

Growth of Crop Insurance in India 
Although, the crop insurance system has undergone various changes in the past but still it has failed to 

yield the desirable benefits in India. Pradhan Mantri Fasal Bima Yojana (PMFBY) was launched as a 

voluntary scheme for the states with a tagline of ‘One nation, one scheme’. Initially, it gained much 
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popularity and fanfare as a single-crop insurance plan for the whole country. But later on, it had been 

hobbled by prolonged delays in paying off debts and ultimately upsetting the farmers.   

Table 1. Performance of crop insurance in India – PMFBY and RWBCIS combined: 

Financi

al year 

Farmers 

Applicati

ons 

Insured 

(Lakh) 

Area 

Insure

d 

(Lakh 

ha) 

Sum 

Insured 

(crore) 

Farmers Share 

in Premium 

(crore) 

Gross 

Prem

ium 

(cror

e) 

Reported 

Claims 

(crore) 

Paid 

Claims 

(crore) 

Farme

r 

Applic

ations 

Benefit

ted 

(Lakh) 

2016-17 584 567.3 203121 4042 21573 16775 16760 157 

2017-18 533 508.3 202265 4189 24652 22117 22113 171 

2018-19 577 523 230061 4853 29348 28875 27936 220 

Source: Department of Agriculture, Cooperation and Farmers Welfare, GOI. 

Table 1 represents the performance of PMFBY and RWBCIS (combined) in India. The number of farmers 

insured under the schemes had not witnessed much progress over the years. The number had declined from 

584 in 2016-17 to 533 in 2017-18 and then increased to 577 in 2018-19. However, the number of farmers 

benefitted under the schemes had increased from 157 in 2016-17 to 171 in 2017-18 and further rose to 220 

in 2018-19. 

Constraints in Crop Insurance System 
Crop insurance in India faced a lot of criticism. Claims paid by the insurance companies were reported less 

than the premium they received, farmers taking farm loans were made to join the scheme compulsorily, 

assessment of crop damages through crop-cutting experiments by state governments had created disputes 

between farmers and the insurance companies. Initially, all the states in India had implemented the 

scheme except Punjab. However, just after two years of its implementation, Bihar became the first state to 

opt out of the scheme in 2018. Later on, West Bengal, Andhra Pradesh, Telangana and Jharkhand also 

decide to quit the scheme. Several states opted out of PMFBY and started their own insurance schemes 

because somewhere, they felt that the claims paid out by insurance companies were quite less as compared 

to the gross premium (GP) collected by them. Among many, Bihar and Jharkhand are the two states that 

have started their own crop insurance schemes. Under these schemes, no amount of premium is being paid 

by the farmers and they are eligible for crop insurance upto 2 hectares of land, in case shortfall in yield is 

more than 20 per cent of threshold yield. Likwise, Andhra Pradesh had also launched the free insurance 

scheme without levying any premium burden on the farmers. However, West Bengal also had its own crop 

insurance scheme which is modelled on PMFBY; wherein the companies are selected through tender. But, 

the state does not take any premium subsidy from the Centre. 

Revamped Crop Insurance in India 
Thus, to address the existing challenges and improvise the implementation of crop insurance schemes in 

India, union cabinet has approved the revamping of PMFBY and RWBCIS in February, 2020 for a period 

of next three years; w.e.f from kharif, 2020. Major changes that have been introduced in the system are: 

1. Earlier, insurance was compulsory for the loanee farmers but now the enrollment under the schemes has 

been made voluntary for all the farmers.  

2. The share of premium remained fixed as earlier; 2 % of the sum insured for Kharif crops, 1.5 % for Rabi 

crops and 5 % for commercial crops. But earlier, the share of the balance was split equally between the 

state and the centre. However, the centre has reduced its burden now from 50 per cent to 25 per cent in 

irrigated areas and 30 per cent for unirrigated areas.  

3. Further, to address the problem of geographical diversities, states have been provided enough flexibility 

to select varied additional risk covers, with or without opting for the base cover under the crop insurance.  

4. Delayed payment of claims to farmers has always been one of major issues with the schemes. But, now 

the government has decided to announce the cut-off dates for the states to release their share of premium 
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subsidy. If they will not release their share before 31st March (in case of kharif season) and 30th September 

(in case of rabi season), they will not be allowed to implement the scheme in future.  

5. Further, in order to produce relevant yield data for submission to insurance firms, the Cabinet had also 

encouraged the use of "smart sampling techniques" and optimization of the number of crops cutting 

experiments to be performed. 

Conclusion 
Government is trying continuously to improvise the system of crop insurance in India since the beginning 

by making several amendments in the system. Hopefully, the revamping of crop insurance schemes will 

help the government to attain its goal of ensuring transparency in the system, timely assessment of the 

yield, quick computation and payment of claims to the farmers. 
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At present India is observing CORONA second wave. Everyday more than 3 lakh positive cases are being 

recorded and more than 2000 deaths are being recorded officially. If we observe the trend of First wave 

peek stage in India it was almost 1 lakh cases per day. It means compared to first wave second wave is 3 

times more per day. Many people are dying due to the lack of oxygen. Trains, Airplanes and trucks are 

being used to transport oxygen cylinders to the hospitals but unfortunately, they are not sufficient for our 

country. The oxygen Cylinders which are supposed to transport oxygen to one state is being stopped in 

another state.  

If we look at the COVID-19 data of India, corona Cases started to register in March 2020 and in September 

2020 the peak was attained almost 1 lakh cases per day were registered. But from October the cases started 

to decline gradually, only 10,000 cases were registered in February 2021 and the deaths were below 100 

per day. 

But the situation changed from March 2021 as cases started increasing rapidly. Presently in April, 2021 

almost 3 lakh cases are being recorded and 2000 deaths are being reported daily. Is this the peak time or 

the cases will increase more?  If we look and analyse the data of countries which already faced the second 

wave, then we can come to the conclusion when will the second wave end in our country. 

1. United States of America: Here the second wave lasted for four months from November 2020 -

February 2021, in this phase high cases were recorded which was double from the first phase, and from 

March the cases started to decline gradually. 

2. Russia:  Here also the second wave lasted for four months from October 2020- January 2021, in which 

high positive cases were reported, after that cases started to decline. 

3.  United Kingdom: In UK also, the peak stage lasted for four months from October 2020- January 2021, 

high amount cases were recorded in the month of January but gradually it started to decline from February.   

4. Germany: In Germany also second wave lasted for four months from October 2020- January 2021, after 

that cases started to decline. Presently cases are again increasing which is the sign of third wave of COVID. 

If we analyse the data of these countries, we can assume that CORONA second wave will last for four 

months. Compared to first wave second wave will register more per day cases and after that cases will 

decline. If we assume the same situation in our country also then most probably the second wave will end 

by June and from July 2021 cases will decrease (as cases stated to rise from April 2021), but it can last 

more also as our population is 138 crores. 

The major reasons for CORONA second wave are mutation of virus as it has rapidly changed from the first 

wave and is spreading more quickly. Most of public in India are not wearing masks, are not following 

COVID norms. 

Most Common Symptoms are Fever, Dry Cough and Tiredness.  

Less Common Symptoms are Aches and Pains, Sore throat, Headache and loss of taste or smell. 

Serious Symptoms are difficulty breathing or shortness of Breath and chest pain or pressure. 

If there are above symptoms then go CARONA testing. Every person who is positive need not need to get 

admitted in hospital. First of all, don’t panic, measure your pulse oxygen from oximetere (which measures 

your oxygen levels in blood). If the reading is 95% or above then home treatment is enough with normal 

medicines, if the reading is between 90- 95% then consult a doctor (admitting in hospital is not necessary), 

if the reading is below 90% then the condition is serious and they need to immediately oxygen. 

Why do the CORONA patients need Oxygen?  Because of Corona mainly respiratory system gets effected 

which results in decreasing of oxygen in blood, as result of it the cells in the body does not receive sufficient 
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oxygen which results in death of the person. In the atmosphere only 21% is oxygen and remaining are other 

gases, but in medical oxygen there is 82% of oxygen which makes patient relief.  

Medical oxygen is also prepared from air with the help of using machines. In India production of oxygen is 

up to the mark of demand but unfortunately transportation has become a big issue, lack of pre planning is 

the major concern of our country. We are importing oxygen from Singapore and are also planning to import 

machines from Germany for Oxygen manufacturing. 

As you get Corona positive don’t rush to the hospital and get admitted, only when your oxygen level is low 

or when condition is very serious then only get admitted, because in hospitals already patients are more so 

there is no guarantee that you will get proper medical care.   

Instead of taking preventive measures after being affected from CORONA try to protect 

yourself from being affected from CORONA. 
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Whole universe is made of five elements i.e., Earth (Prithvi), Water (Jal), Air (Vayu), Fire (Agani) and 

Space (Akash). 

Nowadays human is used all elements exhaustive purpose for their benefits without the irresponsive for 

the next generations. 

Keeping view for the future generations in our mind one of the new concepts in agriculture is an organic 

farming. 

What is Organic Farming? 
In simple way, an organic farming system in India is not new and is being followed from ancient time. It is 

a method of farming system which primarily aimed at cultivating the land and raising crops in such a way, 

as to keep the soil alive and in good health by use of organic wastes (crop, animal and farm wastes, aquatic 

wastes) and other biological materials along with beneficial microbes (biofertilizers) to release nutrients to 

crops for increased sustainable production in an eco-friendly pollution free environment.         

As per the definition FAO suggested that “Organic agriculture is a unique production management system 

which promotes and enhances agro-ecosystem health, including biodiversity, biological cycles and soil 

biological activity, and this is accomplished by using on farm agronomic, biological and mechanical methods 

in exclusion of all synthetic off-farm inputs”. 

Organic Farming in India 
India's rank 8th in terms of World's Organic Agricultural land and 1st in terms of total number of producers 

as per 2020 data (Source: FIBL & IFOAM Year Book, 2020). 

As on 31st March 2020 total area under organic certification process (registered under National Programme 

for Organic Production) is 3.67 million Hectare (2019-20).This includes 2.299 million ha cultivable area and 

another 1.37 million Hectare for wild harvest collection (Source: APEDA, Ministry of commerce & Industry, 

Govt. of India). 

Sikkim is the only Indian state to have become fully organic so far. Among all the states, Madhya Pradesh 

has covered largest area under organic certification followed by Rajasthan, Maharashtra, Gujarat, 

Karnataka, Odhisa, Sikkim and Uttar Pradesh. 

India produced around 2.75 million MT (2019-20) of certified organic products which includes all varieties 

of food products namely Oil Seeds, Pulses, Cereals & Millets, Cotton, Sugar cane, Medicinal Plants & 

Aromatic, Tea, Coffee, Fruits, Dry Fruits, Spices, Vegetables and Processed foods. 

Need of Organic Farming 
With the increase in population our compulsion would be not only to stabilize agricultural production but 

to increase it further in sustainable manner.  

The scientists have realized that the ‘Green Revolution’ with high input use has reached a plateau and is 

now sustained with diminishing return of falling dividends. 

Thus, a natural balance needs to be maintained at all cost for existence of life and property. The obvious 

choice for that would be more relevant in the present era, when these agrochemicals which are produced 

from fossil fuel and are not renewable and are diminishing in availability. 

It may also cost heavily on our foreign exchange in future. 
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Components of Organic Farming 

 

For Manure and Fertilizer 
Vermicompost: Earthworms live in the soil and feed on decaying organic material. After digestion, the 

undigested material moves through the alimentary canal of the earthworm, a thin layer of oil is deposited 

on the castings. The worm castings also contain bacteria, so the process is continued in the soil and 

microbiological activity is promoted. The worm castings are very important to the fertility of the soil. 

Castings contain: 5 times the available nitrogen, 7 times the available potash, and 1½ times more calcium 

than found in good topsoil. Earthworm castings have excellent porosity, structure, aeration, drainage and 

water-holding capacity. The content of the earthworm castings, along with the natural tillage by the worms 

burrowing action, enhances the permeability of water in the soil. 

Green manure: Green undecomposed plant material used as manure is called green manure. It is obtained 

in two ways: by growing green manure crops and collecting green leaf (along with twigs) from plants grown 

in field bunds, wastelands and forest. Green manuring crop is growing usually plant belonging to 

leguminous family and incorporating into the soil when, having maximum biomass stage. The most 

important green manure crops are Dhaincha, Sunnhemp, Sesbania rostrata, Pillipesara and cluster beans. 

While, in green leaf manure application of green leaves and twigs of trees, shrubs and herbs collected 

from elsewhere is known as green leaf manuring. Forest tree leaves are the main sources for green leaf 

manure. The important plant species useful for green leaf manure are Mahua, Neem, Wild Indigo, 

Glyricidia, Karanji (Pongamia glabra) Calotropis, Sesbania grandiflora and Subabul. 

Biofertilizers: Biofertilizers are uses living cells of efficient strains microorganisms that help in growth 

crop plants. The crop plant is uptake of nutrients by their interactions in the rhizosphere when applied 

through seed or soil. They accelerate certain microbial processes in the soil which augment the extent of 

availability of nutrients in a form easily assimilated by plants. 

For management of insect pest: Organic certification standards prohibit the use of synthetic pesticides. 

Insect pests are management by their natural enemies of include predators, parasitoids, pathogens and 

competitors. This leads to the development of more natural predators within the ecosystem. Ladybugs, 

ambush bugs, hoverfly larvae, lacewings, spiders, birds, frogs, toads and a host of other insects are 

predators of aphids, bertha armyworm larvae, sunflower beetles, beet webworms, and both grasshopper 

eggs and adults. The destructive wheat midge may also be partially controlled by a parasitic wasp 

Syrphus hoverfly larva feed on aphids, making them natural biological control agents. The larvae of 

many hoverfly species principally feed upon aphids, one larva devouring up to 400 in its lifetime. Their 

effectiveness in commercial crops has not been studied. 

Encarsia formosa is a small predatory chalcid wasp which is a parasitoid of whitefly, a sap-feeding insect 

which can cause wilting and black sooty moulds in glasshouse vegetable and ornamental crops. 
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For management of diseases: Managing the ecosystem on an organic farm is very challenging. It is made 

even more complex when factoring in insect and disease pests. Since the uses of synthetic pesticides are 

prohibited, the organic cropping system should be focused on the prevention of pest outbreaks rather than 

copping with them after they occur. For the soil borne pathogen used of Trichoderma viridae, Trichoderma 

harzzarium and Trichoderma asperellum. Using of various naturally occurring substances and products. 

Eg. Neem based formulations, NPV, Trichograma etc. 

Crop Rotations 
Crop rotation is central to all sustainable farming systems. It is an extremely effective way to minimize 

most pest problems while maintaining and enhancing soil structure and fertility. 

Field Sanitation / Crop Residue Management 
Reducing or removing crop residues and alternate host sites can be used to control some insects and many 

diseases. Incorporating the residue into the soil hastens the destruction of disease pathogens by beneficial 

fungi and bacteria. Burying diseased plant material in this manner also reduces the movement of spores 

by wind. Insects most affected by tillage will be those that overwinter in crop residue.  

Seed Quality: The use of high-quality seed is especially important in preventing disease. The seed supply 

should be free of smut, ergot bodies or other sclerotia, and free of kernels showing symptoms of Fusarium 

head blight infection. Used of disease resistant variety. 

For management of weeds - Weed Management: Although weeds need to be controlled to reduce their 

impact on crop yield and quality, a field completely free of weeds is not necessarily the best objective. In 

many cases, weeds provide food and shelter for beneficial insects. Weed can be control by intercultural 

operations like primary and secondary tillage practices. While in green house using polythene cover for 

reducing moisture losses and prevent the weed germination. 
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Abstract 
Construction of Barriers, barrages or dams across a fluvial river negatively affect the ecosystem by altering 

aquatic ecology and hydrology both in upstream and downstream. Such construction may lead to dramatic 

loss of fish, collapse of fisheries or sometimes elimination of highly important species from the environment. 

Dams are hampering the population structure and dynamics of fishes, their behavior and biology. Fish 

passes or Fishways are dedicated structures that allow migrating fish passage over or around an obstacle 

on a river. Fish passes act as cardinal pathway to balance the sustainable fish population and also for all 

other aquatic organisms that perform migration in rivers.   

Keywords: Dams, Fish Pass, Ecology, Migration. 

Introduction 
Barriers, barrages or dams across a flowing water body or stream often shows negative impacts on the fish 

population, relative abundance and composition in the ecosystem alongside the many other factors. Such 

construction may lead to dramatic loss of organism or sometimes elimination of highly important species 

from the environment. Threat to livelihood and aquatic biome viz. fisheries, ecology and river health are of 

major concern with dam construction. Dams are hampering the population structure and dynamics of 

fishes, their behavior and biology. Fish passes or Fishways are dedicated structures that roads aquatic 

organism mainly fish stocks through the dams and weirs or barrages for upstream or downstream 

movement. Fish passes act as cardinal pathway to balance the sustainable fish population and also for all 

other aquatic organisms that performs migration in rivers.   

Reports of fish pass construction are recorded in traditional means. Written reports of fish pass by creating 

steps in steep channels to bypass dates back to 17th century in France. In 1837, the bypass fishways 

designed and developed by Richard McFarlan from Bathurst, Canada got highly recognized.   The 

Ballisodare fish pass in County Sligo, Ireland; Fish ladder of Pawtuxet Falls Dam in Rhode Island, United 

States are the major examples of early fish passes development. In India, development of fish passes was 

as early as 1873. A call for improvised fish pass was addressed in Punjab in the year 1900. Construction of 

dam on a flowing waterbody always keeps a potential for loss of biodiversity. In India loss of fisheries after 

impoundment of Hirakund dam on Mahanadi is a great example for losing species count from 103 to 40 

(Job et a.l, 1995). The decrease in species diversity of different ecosystem in upstream of Indian dams are 

obvious. Potamodromous fishes like Mahseers and Schizothoraicines that travel near 150 km upstream of 

Beas dam now got affected negatively on river Beas in its Himalayan region due to construction of dams. 

Often discussed migratory fish species in India are Anguillid eels (Anguilla bengalensis, A. bicolor), Hilsa 

(Tenualosa ilisha), Pangas (Pangasius pangasius), as well as the Indian major carps (Catla, Rohu and 

Mrigal), for their current ‘commercially extinct’ status in most upstream stretches of Gangetic and 

peninsular Indian rivers (ATREE, 2017). 

Fish Migration 
Movement of fishes are observed based on various purposes for example local movement for food and 

shelter; daily movement for shelter and territory defense; seasonal movement for breeding and temperature 

variance; upstream movement to access new habitat and downstream movement as post spawning 

migration pattern vice-versa; lateral movement for juvenile recruitment etc.  

https://en.wikipedia.org/wiki/Pawtuxet_Village
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Fishes categorized as diadromous or potamodromous show diverse requirement of various hydrological 

conditions, biological functions during different stages of their life cycle. These differ during reproduction 

and spawning, growth and development, maturity etc. 

Thus, in order to survive and adapt throughout the cycle of life they migrate. Potamodromous species 

shelters in fresh water and migrate over local to regional distances. Movements can be lateral, from river 

to floodplain, or longitudinal from river mouth to small running waters upstream eg. Mahseers, Snow-

trout. Wintering, feeding and spawning are the major events towards movement of hill stream fishes in 

India. 

Optimal condition requirement by fish for growth, survival, shelter and reproduction trigger changes in 

migration in riverine fishes. Diadromous species migrate during their life cycle between saltwater and 

freshwater habitats. They can be divided into anadromous (Atlantic salmon, sea lamprey, Atlantic sturgeon 

and the shads), catadromous (Eel) and amphidromous (flounder, herring and mullet) species.   

In India, migratory fish comprises of Tor putitora, Tor tor, Acrossocheilus hexagonolepis, Schizothorax 

richardsonii, Schizothorax progastrus, Tenualosa ilisha, Pangasius pangasius, Catla catla, Labeo rohita, 

Cirrhinus mrigala, Labeo calbasu, Anguilla bengalensis. They show different migration behavior both 

upstream and downstream in different period of time in a year. In India, among fresh water fishes, the big 

catfish Pangasius pangasius travels longest distance upstream in river for the purpose of reproduction. Tor 

spp, and Schizothorax spp, exhibit both upstream and downstream movement periodically in response to 

rising water levels or temperatures to access food or to new habitats or to spawning areas or for the purpose 

of post- spawning movement. Tenualosa ilisha is the most popular anadromous species of lndia and used 

to ascend longest distance in the rivers of both Eastern and Western India. The Catadromous fish Indian 

mottled eel. Anguilla bengalansis live in freshwaters but go to the sea to spawn. 

Fish Passes 
Fishways are dedicated structures that allow migrating fish passage over or around an obstacle on a river. 

Any types of dams and barrages constructed over a flowing water body obstructs fishes towards their 

journey to spawning habitat, obliterates spawning ground, alters the physico-chemical parameters of 

water, affects flow pattern, changes biodiversity etc. 

Fish passes are broadly divided into 3: A. Close to natural type structure (Bottom ramp-slopes; Bypass 

channel; Fish ramp), B. Technical (Denil pass; Pool pass; Slot pass) and C. Special construction (Eel ladders; 

Fish lock; Fish lift).  

Table: 1 

Categories of Fish Passes Types of Fish Passes Description 

Close to natural type 

structure 

Bottom ramps and slopes It possesses a rough surface and covers 

entire width of the waterbody or the river. 

Loose rock fill structure or dispersed 

constructions are preferred. Attraction 

current is feasible to fish and the structure 

looks natural and blends to landscape with a 

difficulty of drying out at low discharge. 

Bypass channels Forming alternative path to the mainstream 

a similar natural stream bypassing the 

barrage. Such structures require large space 

and can bypass the whole area of the 

obstruction. 

Fish ramps It is an integrated structure with the dam 

having a gentle slope and rough surface. It 

creates an impactful attraction current and 

passable in both the upstream and 

downstream. Such structure requires more 

technical issues and composition stability. 
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Technical Fish passes Slot passes It consists of one or more vertical slots 

forming cross wall of wood or cement. 

Reliable and effective than conventional 

designs and thus suitable for all fishes and 

sometimes invertebrates. 

Pool passes It is concrete channel supported with cross-

walls of wood or concrete which are fitted 

with submerged orifices and top notches on 

alternate sides. There is always great risk of 

clogging with debris. 

Denil passes These are U-shaped wooden and concrete 

channel. It is mounted at 45 degree against 

the flow of water. It can be installed in little 

space creating high attraction current. 

Movement of benthic fauna is not that 

efficient in Denil passes   

Special construction Eel ladders Eel ladders are a typical construction of 

small channels with brush-type fittings, 

layers of brushwood or gravel, with water 

just trickling through them. They can be 

installed in small space with economically 

viable way. Highly effective for glass eels 

and elvers. 

Fish locks These are similar to a pit-shaped chamber 

with controllable closures at headwater and 

tail-water openings. Sluice gates are used for 

water current regulations. The cost of 

construction and maintenance is 

comparatively high. Fish looks are quite 

suitable for Salmon like fishes.  

Fish lift Fish lift involves lifting mechanism to 

transport fish from tailwater to headwater. 

High construction and operation measures 

needed but effective in many migratory and 

shoal forming fishes. 

Conclusion 
Different studies on dam and its impact on fisheries and river health is conducted since long.  Many 

estuaries reached hyper saline conditions due to obstruction in freshwater and hence lost the fishes who 

thrive in freshwater and oligohaline water. 

Therefore, a regulated discharge is to be practiced or a constant flow to be maintained throughout the 

seasons. For example, Farakka barrage over Ganga river wreaked havoc to Hilsa fisheries in both upstream 

and downstream by obstructing their migration route.  

It is felt that every dam or barrage should have provisions for fish passes. Fish passes construction should 

be in respective to the pattern and type of fish migration in that zone i.e correspond to the behavior of fish. 

Therefore, a detailed survey is extremely necessary to understand the need of fish pass types and its 

possible installing location. 

The passes should meet the biological requirements of fish in added respect to hydrological, hydraulic & 

structural aspects as recommended by National Water Academy, Pune (2018). Collaborative approaches 

between different institutions and professionals from different backgrounds may help to ensure efficiency 

of the fish pass. It will be highly effective if the models or structures are made customizable for better 

efficacy based on need.  
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A comprehensive information base should be developed for major rivers with their fishes for migration 

pattern and behavior. It will be helpful to have better insights in designing of fish ways. Similarly, the 

existing fish passes need to be monitored for efficiency in operation systems. Thus, the development of 

modelling techniques and protocols for different aspects of fish passes is in utmost need. 
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Introduction 
Recent developments in intensive agriculture, though contributed immensely towards surplus food, caused 

degradation of fertile land. Recently problem of micronutrient deficiencies has been increased markedly 

due to intensive cropping, introduction of high yielding varieties, irrigation, greater use of chemical 

fertilizers, loss of top soil by erosion, loss of micronutrients by leaching, liming of soil and decreased 

availability and use of farm yard manure. It is realized that productivity of crops is being adversely affected 

due to deficiencies of micronutrient. Deficiency of essential mineral nutrients especially micronutrients in 

intensive cropping system is of general occurrence. Major parts of agricultural land have been found to be 

deficient in one or other micronutrients. Micronutrients are usually required in minute quantities, 

nevertheless are vital to the growth of plant. They improve general condition of plants and are known to 

act as catalysts in promoting organic reactions taking place in plant. Direct application of micronutrients 

like copper, iron, zinc, molybdenum, magnesium, manganese causes toxic effects in the plants, hence 

chelated forms of micronutrients are recommended for better yields. The chelating agents of the metal ions 

protect the chelated ions from unfavorable chemical reactions and hence increase the availability of these 

ions to plants. Large numbers of metal complexing agents are available to chelate micronutrients. The 

strongest metal chelating agents are mostly synthetic and these are very expensive. On the other hand, 

natural organic chelating agents such as polyflavonoids, lignosulfonates, humic and fulvic acids, amino 

acids, glutamic acids, and polyphosphates do help the plant in translocating the micronutrients.   

1. The word chelate is derived from the “Greek word” word “chelle- lobster’s claw”.  

2. The ligand that binds to the the metal nutrient ion is encircled by the larger organic molecule (the claw), 

usually called ‘Chelator or chelant’.  

3. In fertilizer technology – Chelate refers to inorganic nutrients that are enclosed by an organic or 

synthetic molecule. Chelate may be applied as foliar spray or banded. 

 

Figure: 1 

Type of Chelate 
1. Synthetic Chelates: 

a. EDTA (Ethylene di-amine tetra-acetic acid) is the most common synthetic chelating agent and is 

used for both soil and foliar applied nutrients.  

b. DTPA (Diethylene triaminepenta acetic acid) is used mainly for chelates applied to alkaline soils. 

It is more effective than EDTA but is usually more expensive.  

c. Iron chelates made with HEDTA and EDDHA are the most effective iron fertilizers on high pH 

soils but are also the most expensive. 

d. GCG (L-5-glutamyl-L-cysteinylglycine). 
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e. NTTA (Nitrilotris (methylene) triphosphonic acid). 

f. TMDTA (Tri-methylene dinitrilotetraacetic acid). 

2. Organic Chelates:  

a. There are a number of natural products used as chelating agents: 

i. Formic acid. 

ii. Succinic acid. 

iii. Oxalic acid. 

iv. Citric acid. 

v. Acetic acid. 

vi. Humic acid. 

vii. Fulvic acids and other organic acid. 

b. Glycine, Cysteine. 

c. Lignosulfonates, phenols and poly flavonoid chelates are produced using fermented by-products 

mainly from the wood pulp industry. 

How does a Chelate Work? 
1. In Soil: 

a. Positively charged metal ions, such as Zn2+, Mn2+, Cu2+ and Fe2+, readily react with negatively 

charged hydroxide ions (OH-), making them unavailable to plants. Negative ions are abundant in 

alkaline or neutral soils and soil-less media.  

b. The Chelator (a molecule that binds to a central metal atom) coats the metal ion, protecting it 

from the surrounding OH- ions. The complex can then be easily absorbed by the plant, where it is 

being degraded and consumed as micronutrients. 

E.g. When Zinc is applied in soil, the following reaction may occur 

        Zn2+         +    P2O5          =      Zn(P2O5)2 

Zinc cation Phosphate Zinc phosphate precipitate (unavailable to plant) 

 
Figure: 2 

2. In Plant: 

a. The chelation process transforms positive charge from the micro nutrients to neutral or slightly 

negatively charged chelates to slide through the pores on the leaf and root surface more rapidly. 

b.  Since these pores are negatively charged, positively charged micro nutrients would normally be 

'fixed' at the pore entrance would be difficult to be assimilated by plants. When neutral chelated 

micronutrients are used there would be no such restriction barriers. 

Role of Organic Chelate 
1. Quantity to fulfill the nutrient requirement is much lower as compared to inorganic compounds because 

they are completely assimilable by crops. Chelates are thus cost effective even though they are a little more 

expensive. 

2. Organic chelates are more easily translocated within the plant as their action is partly systemic. 

3. Chelates are easily assimilated within the plant system. 

4. The organic acid can bind metal ions present in excessive amounts in the soil solution and reduce the 

toxicity of Al, Fe and Mn. 

5. Humic acid and other soil organic compounds immobilized toxic contaminants (Pb, Cd) through chelation. 
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6. Organic chelates are not readily leached from the soil as they get adsorbed onto the surface of soil 

particles. 

7. Organic chelates are much more easily absorbed by plant roots or leaves because chelates are of organic 

nature.  

8. The chances of 'scorching' of crops is less because they are organic substances. 

9. Organic agents show more penetration rate than synthetic chelates, due to larger molecules such as 

EDTA, DTPA, EDDHA penetrate at slower rate. 

10. Organic chelates are biodegradable and non - toxic to the environment. 

11. Organic chelates can be used as a food source to the micro - organisms while the synthetic cannot.  

12. Leaves have a waxy coating that prevents them from drying and repels water and inorganic substances 

making it difficult for inorganic nutrients to penetrate into the leaf.  

13. The organic coating around the chelated nutrient allows it to penetrate through the wax into the leaf 

shows in Figure 3. 

 
Figure: 3 

14. Organic chelating agents are more stable in comparison to synthetic chelating agents. 

15. Organic chelate form organo-metal chelate formed are insoluble and prevent the metal from reaching 

the ground water. 

16. Organic chelate reduce the fixation of micronutrient. 

17. Organic chelates are compatible with a wide variety of pesticides and liquid fertilizers, as chelates do 

not react with their components. 

Conclusion 
1. It is more economical and safer for human and environment. 

2. Effectively reduces the loss of essential micronutrients, making soil healthy and productive. 

3. Enhance soil quality and remediate soil from heavy metal toxicity. 

4. Being a source of food for microbes, has no residual effect in soil. 
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Introduction 
The advent of modern biotechnology has paved the path towards a new horizon of breeding vegetable crops. 

The term biotechnology can be defined as a group of technologies that implement biological entities or 

processes to create new and beneficial products and processes. Plant biotechnology not only boosted the 

vegetable breeding programme but also expanded the range of traits that can be manipulated. By using 

biotechnological approaches, limitations of conventional breeding such as problem of linkage drag, sexual 

barrier in wide crosses, anti-nutritional factor etc. can be overcome efficiently and effectively. The Recent 

developments in molecular biology include in-vitro mutagenesis, genetic engineering (Cisgenesis, 

transgenic and intragenesis), DNA sequencing, cloning, molecular marker etc. It also provided new 

perspectives of microbial intervention in agricultural practices, such as bio-fertilizers, bio-control agents, 

and various microbiological products used in modern agriculture (Tengerdy et al., 1998). Thus, modern 

biotechnology approaches can have a dramatic effect on the improvement of vegetable crops. 

Applications of Biotechnological Tools in Vegetable Sciences 
Plant biotechnology has wide role towards amelioration which is not possible with traditional crossing of 

related species alone. Such approaches have been concisely discussed below. 

Biotechnological tool Crops Improved trait 

Genetic engineering Potato Potato tuber moth resistant gene Cry1Ab (Kumar et 

al., 2010) 

Lettuce Salt resistance (Park et al., 2005) 

Flavr Savr tomato suppression of the tomato polygalacturonase (PG) 

gene 

Tissue culture Tomato Fusarium R, variety DNAP-17 High solid contents 

var DNAP9 (Evans, 1989) 

  Salt tolerance (Remotti, 1998) 

 Capsicum early maturing and high yielding, cv A-D4’ (Xu and 

Chen, 1995) 

 Potato Fusarium solani resistance, potato leaf roll luteo 

virus 

(Cristinzeo &Testa, 1999) 

 Sweet potato cultivar Scarlet  

Molecular marker Tomato More than 40 genes that confer resistance to major 

classes of tomato pathogens have been mapped, 

cloned, and/or sequenced  

In-vitro mutagenesis Potato Salt resistant (Ochatt et al., 1998) 

Advantages of Biotechnological Tools for Vegetable Improvement 
1. Study of gene expression become feasible using novel technologies, such as microarrays and DNA chips 

2. Modern agriculture practices furnish large production at the affordable price thus help in ensuring food 

security. 
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3. The tools have immense role towards development of biotic and abiotic stress resistance in vegetable 

crops. 

Limitations 
1. There is possibility of emergence of new super weeds due to cross pollination of GM crops (genetically 

modified crops) having herbicide and insect resistance with wild species. 

2. Organic farmers fear that one day GM foods would be difficult to be distinguished from non-GM crops as 

it lacks labelling. 

3. Many genetically engineered foods are known to be derived from microorganisms, whose allergenic 

potential are either unknown untested. So, there is chance of transfer of allergen properties to GM crops. 

Conclusion 
Plant biotechnology has revolutionised the field of biology and molecular breeding, which is accompanied 

by increased productivity and quality of vegetable crops. However, rapid and cost effective development, 

and adoption of biotechnology-derived products will depend on developing a full understanding of the 

interaction of genes within their genomic environment, and with the environment in which their conferred 

phenotype must interact. 
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Fresh and processed vegetables are a fast-growing segment of the food industry and occupy an important 

place in the global commerce and economy of many countries. Various studies have demonstrated the 

importance of vegetables to human health, contributing fiber, vitamins, minerals, bioactive phytochemicals 

and other nutrients in human diet.  

India is one of the most important fruit and vegetable producing countries in the world. Fruits and 

vegetables typically constitute an essential part of the daily diet in India and they are in great demand 

round the year. 

Vegetables constitutes an integral part of cropping pattern but, due to increasing demand for food and cash 

crops has limited the area of cultivation about 0.62 million ha, which is 3.1% of the total cropped area. 

Vegetables fit well in most farming systems due to shorter maturity period, higher yield potential, higher 

returns, high nutritional quality and suitability for small land holding farmers. 

Traditional preserved products like chutneys, pickles and chutney powders are consumed along with rice, 

breakfast items such as vada, idly, dosa, chapathi, upma and samosa and various snack foods, etc., as a 

side dish, which also increase appetite. 

Post-Harvest Losses of Vegetables 
The Food and Agriculture Organization (FAO) and other national and international organizations have 

estimated that about one-third of all the food produced and nearly half of all fruit and vegetables (F&V) 

are wasted between harvest and consumption. 

Brinjal (eggplant) is a very common and popular horticultural crop in Bangladesh. Total postharvest loss 

was quantified by evaluating quantitative and qualitative losses of brinjal. Farmers were found well 

acquainted with a range of postharvest practices such as definite point and stage of brinjal harvesting, 

sorting, grading and packaging. The significant factors like total harvested amount, farmer’s education, 

packaging and selling place plays a major role. 

The freshness of fruits and vegetables after harvest is controlled by water content, respiratory rate, 

ethylene production, endogenous plant hormones and exogenous factors such as microbial growth, 

temperature, relative humidity and atmospheric compositions. The loss can be reduced by implementing 

the important cultural methods, careful handling and packaging. 

Health Benefits of Commonly Used Vegetables and Green Leafy Vegetables 
Cabbage has a various health benefits including treatment of constipation, stomach ulcers, headache, 

excess weight, skin disorders, eczema, jaundice, scurvy, rheumatism, arthritis, gout, eye disorders, heart 

diseases, ageing and Alzheimer's disease. Cabbage, being rich in iodine helps in proper functioning of the 

brain and the nervous system, apart from keeping the endocrinal glands in proper condition.  The various 
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other nutrients present in cabbage such as vitamin-E which keeps the skin, eye and hair healthy, calcium, 

magnesium, potassium, etc., are very useful. The cabbage can also be used for treatment of varicose veins, 

leg ulcers, peptic and duodenal ulcers etc. 

Carrot showed cholesterol absorption mitigating effects in experimental carrot fed rats. Regulation in bile 

acid secretion and antioxidant status was also reported. A significant decrease in liver cholesterol and 

triglyceride levels was also observed by these investigators. Moreover, carrot consumption increased the 

vitamin E level in plasma and increased the ferric reducing ability of plasma. 

Consuming spinach (Spinacia Oleraecea) in various form as raw or cooked prevents from various diseases 

because of its antioxidant compound, dietary fiber, minerals vitamins and iron and also it contains many 

anticancer agents. It also contains omega 3 fatty acids and anti-inflammatory agent.  

Spinach is called as "Life Protective Food". It is a great source of chlorophyll, which speed up digestion and 

leaves contain almost all the vitamins and are the richest source of carotenoids, β-carotene and lutein. 

Some benefits of spinach are lifestyle disorders are it prevents disorders like diabetes, hypertension, heart 

diseases, obesity, blindness, osteoporosis, anemia, constipation and many more. Spinach vitalizes every 

organ of human body that's brain, eyes, mouth, throat, lungs, heart, stomach, liver, intestine, skin, hairs, 

bones, teeth etc. 

Basella alba has been used from a long time back for the treatment of many diseases like dysentery, 

diarrhea, anemia, cancer etc. The chemical composition of the leaf extract has been found to be: proteins, 

fat, vitamin A, vitamin C, vitamin E, vitamin K, vitamin B9 (folic acid), riboflavin, niacin, thiamine and 

minerals such as calcium, magnesium and iron. Some unique constituents of the plant are basella saponins, 

kaempherol and betalain. CNS depressant activity, anti-inflammatory activity has also been observed for 

this plant.  

Basella alba is good source of vitamin A, vitamin C, vitamin B9 (folic acid), calcium, magnesium, iron and 

several vital antioxidants in the plant, also has proteins, fats, carbohydrates, fiber, ash, calcium, vitamins, 

thiamine, riboflavin and niacin. 
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Introduction 
Integrated Diseases Management refers to the disease management through biological, cultural, physical 

and chemical approaches all applied in a systemic manner. It is a holistic in which we first assess the 

disease then apply the method which is suitable for its control in the specified area. The IDM makes use of 

all the preventive methods to keep the pathogen population below economic threshold level. The different 

factors of an IDM are crop health, ecological balance, environmental safety, profitability etc. The disease 

control measure success mainly depends on the crop production system which is incorporated with pest 

management. IDM as applied to the vegetables crop diseases (fungal, bacterial, viral and nematodes) 

means applying all the tactics known to the grower to get good quality and yield at lowest cost and that are 

compatible with ecosystem also. In IDM of vegetable crops the major emphasis is being given on the 

methods like cultural practices, soil solarization, plant growth promoting micro-organisms, biological, bio 

control agents etc.  

The main component of an Integrated Disease Management are as follows: 

1. Prevention: Pathogen entry is restricted in the field through planting materials, flooding, ridges etc. 

2. Monitoring: The fields are regularly being monitored by scouting for disease symptoms and their 

vectors. 

3. Accurate disease diagnosis: The identification of the disease is important as most of the Chemical, 

cultural and biological control is depended on it as they can be pathogen specific. 

4.  Development of Acceptable disease threshold: Knowing how much degradation in quality and yield 

loss is caused by the pathogen. 

5. Optimal selection of management tools: The management plan is selected depending upon the 

disease, crop and the history of the field i.e., if it had any previous outbreaks and what they were etc. 

For disease management it is important to know the potential of a pathogen to infest the crop. The 

parameters are initial amount of inoculum, rate of disease increase and time taken by crop to grow. These 

are the following methods in mitigating the disease from the surrounding. 

Fungal Diseases 
1. Alternaria Disease: Potato, chillies, brinjal, onion, carrot, tomato, cabbage, cauliflower, radish etc.  

IDM: Use disease free seed, drip should be used to limit leaf wetness, debris should be removed or 

destroyed, spray chlorothalonil, mancozeb, propineb and copper hydroxide all at (2g/l) done on 

fortnight and seed treatment should be done before planting. 

2. Anthracnose Disease: chillies, brinjal, cabbage, cauliflower: 

IDM: Rotation of the crop (at least 2 years), weed control (eliminates alternate hosts), stake plants 

or trap crops, mulches are used, optimum plant spacing, remove and destroy infected fruit, fruits 

should be sprayed with carbendazim, benomyl at 1g/l or carbendazim-mancozeb (2g /l) size of fruit 

should be 1/4 at 15 days interval. 

3. Phytophthora Disease: tomato, potato, chillies, brinjal, cucurbits etc: 

IDM: raised beds with plastic mulch are used for raising of crops, foliage and fruits are removed up 

to 30 cm, bordeaux mixture, copper hydroxide, mancozeb, chlorothalonil are sprayed before the 

appearance of symptoms, mixtures of dimethomorph mancozeb, metiram, famoxadone, fenamidone-

mancozeb, used at 7- 10 days interval, Trichoderma harzianum (0.5%), Fenamidone-mancozeb 

(0.3%), T. harzianum (0.5%) + Bordeaux mixture applied at 7 days interval. 

4. Powdery mildew disease: chilli, cucurbits, okra, pea, cowpea, tomato, potato: 
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IDM: Rotation of crop is done with non-host plants, infected plant debris and alternate hosts are 

removed from the field, deep ploughing, air movement is increased inside the canopy, use of nitrogen 

fertilizer is reduced extensively, Chemical management: Qo inhibitors used such as azoxystrobin 

and kresoxim-methyl (1ml/l), Difenconazole (0.5ml/l), penconazole (0.6ml/l), propiconazole (1ml/l), 

flusilozole (0.3ml/l) and triadimefon (1g/l) and sulphur fungicides. 

5. Downy mildew Disease: cucurbits, cauliflower, onion, cabbage, lettuce: 

IDM: Cull piles and weed hosts are destroyed in the field, disease free transplants are used, 

Cholorothalonil (2g/l), mancozeb (2g/l), Copper hydroxide(2g/l), Bordeaux mixture (1%), Metalxyl-

mancozeb (2g/l), Dimethomorph (1g/l), Fenamidone-mancozeb(3g/lit), Famoxadone-

cymoxanil(1ml/l). 

Bacterial Diseases 
IDM: Crop rotation with maize-sorghum-ragi or maize-onion or garlic and rice, seed treatment with seed 

pro10g/kg seeds before sowing, seedling root dip with seed pro 10g/l and planting in green manure 

(Sunhemp) amended soil, foliar application/root drenching with Copper hydroxide (2g/l). 

Viral Diseases 
IDM:  Soaking of seed in Trisodium citrate solution (3-5g per liter) for 15 to 20 min and drying, growing of 

nursery under Nylon net cover (60-80) mesh, soil Application Furadon @ 1.0 Kg ai / ha at the time of sowing 

seeds in the nursery bed, prior to transplantation the seedlings should be sprayed with Dimethoate @ 2.0 

ml per liter or Monocrotophos @ 1.5ml per liter or Acephate 1.5 g/liter, dip seedling in 0.5 ml/L Imidacloprid, 

sowing of border crops like Maize, Bajra / Jowar 15 days beforethe transplanting of Chilli, removal of early 

infected plants from the field, spraying of Acephate @ 1.5g per liter (or) Hostothion @ 1.0 ml perliter (or) 

Imdacloprid @ 0.5ml per liter (or) Regent @ 1.0 ml/liter at 7 to 10 days interval, 15 days after transplanting 

until fruit formation, spraying of Neem seed Kernel extract 2% + sticker 10 days interval 15 days after 

trans planting until fruit formation, mulching with silver or black polythene color mulch sheet. 

Conclusion 
The vegetable crops are the most common and efficient source for food and nutrients for the mankind. But 

there as the population of the world is increasing the need for the vegetables is also increasing. But the 

vegetables crops suffer from a number of diseases because of which its quality and yield is reduced, so, to 

meet the needs of the population these diseases should be controlled with the use different management 

practices like cultural, physical, biological and chemical. 
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Abstract 
Agriculture is facing severe challenge and coupled with limited man power of extension personnel due to 

which information needs of farmers are not met. As in India the extension worker and farmer ratio are only 

1:1000 (Kaur et al.2014).So, it is very difficult to provide a large number of paid officials to do this job. In 

this context, arrival of ICTs in agriculture is well time the use of ICT is much more demanded in agriculture 

use of ICT tools in agricultural extension is attempted in the past two decades with varied success. The 

spread of television to rural areas was relatively slow, but the spread of mobile telephone services has been 

rather rapid. Use of cell phones has not only changed the way the farmers communicate but has also 

changed the way they seek farm advisory services through mobiles. 

Mobile Phone 
A mobile phone is a long-range, electronic device used for mobile voice or data communication over a 

network. “Mobile phone is an electronic device that can create, store, access and share information anytime 

and anywhere”. Of all the ICT tools, mobile phones have created the maximum impact on farming 

community because of its easy availability, cheaper cost and easy handling. 

Major Agro-Advisory Models 
1. SMS. 

2. Voice based. 

3. Application based. 

SMS – Short Message Service 
Push SMS: Agro - advisories are given to the farmers through SMS. Farmers can register themselves for 

receiving messages on their mobiles as per their specific needs&  relevance at a particular point of time. 

Farmers can register themselves for this service through any of these channels. 

Pull SMS: Pull SMS is used by farmers and various stakeholders to extract information from data bases 

by sending SMS from databases by sending SMS in a particular format. 

Interactive Voice Response System (IVRS) 
It is the computerized phone system that enables a person, typically a telephone caller, to make selections 

from a voice menu. The purpose of these call centre is to respond to issues raised by farmers, instantly, in 

the local language. 

Types of IVRS Calls 
1. Outbound Calls: These are used for obtaining feedback of farmers regarding the advisories they are 

receiving from experts. This service is available in 12 different Indian Languages. 

2. Inbound Calls: Farmers or all other stakeholders can call to provided call centre number (022-

67870177) for giving useful feedback on the services or for obtaining any information from a predefined 

menu. 

Mobile Apps 
There is an increasing number of mobile apps providing access to agriculture and allied sector information. 

A mobile application is a software on a mobile phone handset or tablet computer that enables a user to 
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access specific information; make payments and other transactions; send messages; etc. The application 

(app) is downloaded (for free or for payment) from a wireless network from an online store and may require 

a live connection to function effectively. 

Advantages 
1. The main advantages of mobile apps for farmers are, easy to access information on farmers mobile.   

2. The information is stored in the mobile handset itself for easy access, for example the details of package 

of practices, pest and disease information and scheme related information etc.    

3. Wherever the information is dynamic in nature, for example weather details, market prices, advisory 

services, the mobile app requires Internet connectivity to fetch the data from the back-end server 

databases.  

4. The mobile services, particularly the SMS service is only a one-way information provider to the farming 

community.   

5. The farmer needs two-way-communication and dynamic information for day-to-day farming. 

Case Studies 
1. Mobile Phones - Boon to Rural Social System: Preference for the type of information required. 

Type of information Average mean score Rank 

Production 4.16 2nd 

Supply 2.84 4th 

Marketing 4.76 1st 

Research 2.76 5th 

Governance 2.68 6th 

Education/Extension 3.8 3rd 

Ravinder. K,  and Vister (2010). 

Extent of use of mobile phones in all areas of Rural Social System is shown in the above table represents 

production is the major area of use by mobile phones among the farmers with the mean score of 0.57 and 

rank first while area of governance is second most used area, with the mean score of 0.46. Area of 

marketing, supply, education\extension, and research are ranked third, fourth, fifth and sixth with mean 

score of 0.35, 0.34, 0.02 and 0.01 respectively. 

2. Case study of IIDS: Punnarao et al. (2017): A) S. Bali Reddy, Diguvapalli Village, Tadipatri Mandal, 

Anantapur district  ID: 16214854, Mobile number: 9848398352, No. of calls made: 226. 

He has registered in IIDS through Krishi Vigyan Kendra (KVK) Reddipalli. He got the advisories on pest 

& disease management, fertilizer management, seed treatment chemicals, weather information etc. He has 

used the text messages as reference to buy the pesticide from dealers’ shop. 

I have reduced the no. of pesticide sprayings (from 3 to 2); applied recommended dose of fertilizers thereby 

reduced the cost of cultivation up to Rs. 3750/ha (due to reduced overdose of fertilizers and no. of sprayings) 

in Chickpea crop, and also got the market rate information from time to time though this IIDS, because of 

that, he sold his produce for better price and finally got the extra income of Rs. 13,750/- per ha in Chickpea 

crop. 

Conclusion 
Human resource in extension is the best and most valuable but its synergy with information and 

communication tool like mobile telephony can prove to be more fruitful and more efficient in extracting the 

full potential of all the resources for development of farming community and dissemination of information 

precisely and accurately to the farmers in time and that is the ultimate goal of all development initiatives 

in Agriculture. 
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Introduction 
Micro or minor nutrients, also known as trace elements, are nutrient elements that are required in 

relatively small amounts. Micronutrients are just as important as macronutrients in terms of plant growth, 

yield, and quality. Micronutrient requirements (boron, iron, copper, zinc, manganese, chloride, and 

molybdenum) are only in traces and are fulfilled in part by the soil, chemical fertilizers, or other sources. 

Intensified agricultural practices, unbalanced fertilizer application, including NPK, loss of nutrients, and 

lack of replenishment are the main causes of micronutrient deficiencies. Zinc deficiency is the most common 

nutrient deficiency in horticultural crops, followed by boron, manganese, copper, iron (mostly induced), and 

Mo deficiencies. Cl, Cu, Fe, and Mn are all involved in photosynthesis processes, and Zn, Cu, Fe, and Mn 

are all linked to different enzyme systems; Mo is only used in nitrate reductase . B is the only micronutrient 

that isn't directly linked to photosynthesis or enzyme activity, but it is linked to the plants carbohydrate 

chemistry and reproductive system. 

Significance of Micronutrients in Growth and Physiological Functions of Fruit Crops 
The importance of micronutrients in the growth and physiological functions of fruits is briefly discussed 

here, nutrient wise. 

Iron: Plants need iron to produce chlorophyll and to activate a number of enzymes, including those involved 

in photosynthesis and respiration's oxidation/reduction processes. For most crops, iron concentrations of 

50-100 ppm are commonly cited as appropriate leaf analysis values. However, due to low tissue mobility, 

leaf analysis is not a reliable guide. Custard apples are particularly susceptible to iron deficiency, while 

other crops, such as bananas, are normally unaffected. This sensitivity appears to be linked to the crop's 

inability to absorb and use iron. 

The production of light green chlorosis of all tissues between the veins is one of the most common deficiency 

symptoms. Custard apples, for example, have a distinctive pattern created by the network formed by the 

midrib and veins, which remain green. If the chlorosis is extreme and long-lasting, the yellowing can 

progress to the point of bleaching, and burns can form within the chlorotic region. Since iron does not easily 

pass inside the plant, older leaves can stay green when new growth flushes become chlorotic. Chlorosis is 

most prominent near the edges of young inner leaves in pine apples. The fruits are small, reddish-brown 

in colour, strong, and crack easily. 

The effects of iron deficiency in various fruit crops are discussed in detail below: 

Banana: Bananas require more nutrients than any other commercially cultivated crop, and there have 

been reports of nutritional disorders affecting banana yield and quality. In banana plantations, iron 

deficiency is relatively uncommon. A foliar spray of 0.2–0.5 percent ferrous sulphate, on the other hand, 

effectively controls the disorder. Fluorescence induction curves show that Fe deficiency reduces the ratio of 

variable fluorescence to maximum fluorescence, suggesting that Fe is involved in both chlorophyll 

biosynthesis and phosphorylation components. 

Citrus: In the synthesis of chlorophyll, the product acts as a catalyst. Leaves with an iron deficiency grow 

a network of green veins against a light green or yellow background, accompanied by bronzing. 

Grapes: During iron deficiency, the leaves turn yellow (chlorosis), and the entire shoot turns yellow to 

yellowish green under severe conditions. Two sprays of 0.2 percent ferrous sulphate, one before bloom and 

the other after fruit set, are used to correct the issue. 
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Papaya: Papaya has a low iron deficiency compared to other fruits. The total sugars and TSS of papaya 

were improved by foliar application of ferrous sulphate 0.15 percent at monthly intervals starting fifteen 

days after planting. 

Pomegranate: The pomegranate responds well to iron application on the leaves. Prior to flowering, at full 

bloom, and at fruit set, 0.4 percent ferrous sulphate increases fruit yield. Foliar applications of 0.25 percent 

zinc, ferrous, and manganese sulphates, as well as 0.15 percent boric acid, improved yield and juice content. 

Zinc: Zinc deficiency is the most common nutrient deficiency in fruit crops, limiting growth and yield. 

Bananas, custard apples, and mangoes are usually affected. Problems also arise in the spring, when crops 

are rapidly growing but have trouble absorbing nutrients from the cold soil. Zinc is needed for chlorophyll 

formation and activity, as well as the role of several enzymes and the growth hormone auxin. Low auxin 

levels in tissue cause the extreme stunting of leaves and shoots that is so common in zinc-deficient crops. 

Young leaves are normally the most affected, being thin, narrow, chlorotic, and rosetted as a result of the 

shoot's failure to elongate. Bloom spikes are drooping, deformed, and thin. Zinc deficiency is demonstrated 

in young pine apple plants by the young core leaves bunching together and then tilting horizontally. Crook 

neck is the common name for this disorder. Yellow spots and dashes near the margins of older leaves may 

appear on older plants, eventually coalescing into brown blister-like blemishes, giving the leaf surface an 

uneven feel. 

The symptoms of zinc deficiency in various tropical fruit crops, as well as corrective measures, are listed 

below: 

Banana: Zn deficiency is the most common micronutrient deficiency in banana plantations as compared to 

other micronutrients. A 50t/ha fruit yield extracts 500g of Zn per year. Each successive leaf of the flush in 

bananas is smaller than the previous one and has a reddish pink coloration on its underside when it 

emerges. The pinkish colour of the opened leaf fades, but chlorotic bands form parallel to the lateral veins 

and alternate with green strips, forming a rain bow leaf pattern. Zn deficiency has become a yield limiting 

factor due to unbalanced fertilizer application and high-density planting. P induced Zn deficiency in banana 

is caused by an excessive and disproportionate application of DAP as a basal and top dressing. The width 

of the leaf narrows more than the length, and the leaf takes on a lanceolate form. Spraying Zinc sulphate 

0.3 percent + 0.5 percent urea 45 and 60 days after planting the main crop, and 45 days after cutting the 

mother plant for the ratoon crop, effectively corrects the disorder. Zinc sulphate at 30-50g/plant is 

recommended in Zn deficient soils at the time of planting. 

Mango: Little leaf, which is caused by a zinc deficiency, is the most common nutritional disorder in mango. 

Roots, shoots, and leaves are stunted as a result. The leaf lamina turns pale yellow, but the midrib remains 

green. With the drying of leaves, yellowing, necrotic patches appear. Flushing may stop and twigs or even 

whole branches may die back if there is a serious deficiency. Necrotic spots become grey and cover the 

entire surface as a result. The condition is corrected with two sprays of 1-2 percent Zinc sulphate, one at 

the time of flowering and the other one month later. 

Citrus: In South India and some parts of North India, the deficiency is very popular in sweet oranges, 

pummelos, lemons, and mandarins. Mottle leaf is a zinc deficiency characterised by yellow blotches between 

veins or terminal shoot leaves, reduced leaf size, narrow pointed and chlorotic leaves, and the emergence 

of small green spots in yellowed areas, but veins remain green, accompanied by small sized and misshapen 

fruits. The internodes are short, giving the shoot a rosette appearance, and the fruits are small and rough, 

resulting in a lower yield. 

Papaya: While micronutrient deficiencies are uncommon in papaya, zinc and boron deficiencies are 

common in orchards where papaya is grown continuously. At stage I, foliar sprays of Zn 0.5 percent + B 0.1 

percent at the 4th and 8th month after planting increased fruit yield (330.68 kg/tree) and latex yield (21.65 

g/fruit), as well as improving quality traits. Fruit quality was improved in terms of TSS (12.94%), total 

sugars (6.575%), reducing sugars (5.566%), and non-reducing sugars (5.566%). (1.004 percent). It was also 

discovered that titrable acidity and ascorbic acid content were greatly affected. 

Guava: The main symptoms of deficiency are small leaves and leaf chlorosis. Interveinal chlorosis was also 

observed when the leaf size was reduced. Other signs include dieback, sparse flowering, and drying and 

cracking of the fruits. Spraying with 0.5 percent zinc sulphate 15 days before flowering will cure the 

problem. 
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Grapes: The main symptoms are small leaves (little leaf) or rosette, expanded petioles, and small sized 

fruits. Clusters stagger in some varieties, and berry sizes vary from very small with one or two seeds to 

medium sized with normal seed growth. Control measures include smearing 10 percent zinc sulphate on 

the pruned stem or spraying 0.5–1 percent zinc sulphate 10 days before flower formation. 

Conclusion 
Micronutrients are important for fruit crops for its overall growth and for increasing the production of 

fruits. Judicious use of micro nutrients in fruit crops is very beneficial. 
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Abstract 
Natural cultivating is a creation framework which dodges the utilization of artificially intensified composts, 

pesticides and development controllers. This framework depends upon crop revolutions, utilization of yield 

build-ups, creature excrements, vegetables, green fertilizers and bio fertilizers. The advanced arrangement 

of cultivating is getting unreasonable as proven by harm to the climate, synthetic pollutions and wellbeing 

dangers, and so forth the need of having an elective horticulture strategy which can work in an agreeable 

eco-framework. Improved soil ripeness, better water quality, anticipation of soil disintegration, age of 

country work, and so on 

Keywords: ZBNF, Agri-Biotechnology, Green Fertilizers, Water Quality, Power. 

Introduction 
India's progression account is an organization territory drove. Gathering territory development remaining 

old, relevance of cultivation is rapidly declining. Regardless of the way that responsibility from cultivation 

to public compensation and monetary improvement is speedy withdrawing still agribusiness is good for 

driving our advancement way. Common cultivating can add to huge monetary and earth sensible new 

development, especially in non-mechanical countries. Natural Agriculture is alluded to in all of the 

circumstances of the Agriculture Energy 2030 approaching as one of the parts of the arrangement of 

movement to diminish the energy impression of the cultivating region. Current cultivating rehearses like 

usage of designed fertilizers, pesticides, etc to increase crop yield adds to common defilement. 

Review of Literature 
Siwi Nugraheni et al (2014), presumed that issues identified with the exhibition of natural horticulture, 

among others are: absence of specialized ranchers' capacity (specifically for the individuals who are new to 

the technique), limitations in advancement, natural items because of uncertified items and fragile 

aggregate activity among the member(s) of the rancher gatherings, and the basic issue is the absence of 

the public authority maintain.  

Chandrasekaran et al (2018), Suggested that Farmers are needed to get familiar with all-natural 

cultivating rehearses, particularly in the examination of natural excrements, natural pesticides, burghers, 

mulching strategies and follow incorporated development rehearses. It is mentioned to take crop protection 

gently for firm danger factors in the cultivating lacking delay to keep away from substantial misfortune. 

Objectives of the Study 
1. To study on of impact of organic cultivation. 

2. To examine the Problems and Prospects of Organic Cultivation. 

Organic Farming 
Natural Agriculture discovers a path into and supplements a current day developing. Acknowledged 

formation of natural fertilizer, creating is a self-facilitated farmer with government oversight a few states. 

The prodded farm headway plan of the public authority as three bills, which were correct now approved in 

the institution, could be another strategy for attracting food producers and their buyers. Also, moreover 

Zero-Budget Natural Farming (ZBNF) is a sweeping choice rather than the current thought of tremendous 

cost compound information sources-based agribusiness. Green based Agricultural improvement procedure 

for non-industrial nation needs to focus in on extending the benefit of the soil a work in progress, with 

lower costs, higher capability of things with almost no mischief to the two individuals and the environment. 
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Creating is potentially the most arranged money related action in our nation. Green environment suggests 

things and practices that are ordinary, satisfactory likewise as by and sensible developmental earth. 

Common developing is a developing technique that upholds, improves and keeps up the idea of the natural 

framework. Common developing has seen a limit all around progress in practically every collect kind due 

to extension in care in food security and organic prosperity. 

Green Marketing 
Green promoting is a gadget for guaranteeing the environment for the gathering of individuals on the way. 

It determinedly influences regular prosperity. Farmers tracked down that cell phones gave them direct 

induction to information on market costs, crop collections, planting times and agro-input costs. Clearly a 

great deal of this had a public character typified in it, whether or not it was overhauling foundations to 

adequately see India chance improvement, and embedded in the credibility of trusteeship. 

Natural Product 
The Indian government has set a few spots of plant sub-atomic science and yield biotechnology. Agri-

biotechnology is being applied across poultry and dairy creating, fisheries, developing, agriculture, the food 

managing industry, and inherently changed (GM) headway (V. Prabakaran et al (2020). Family farmar 

through changes in developing practices, for example, administering water, soils, and gather stores to fill 

in situ catch and upkeep of precipitation and raise land profitability or controlling irritations and weeds by 

mishandling average regular frameworks (Dr. G. Kanagavalli et al (2020). A making energizing about 

brand name food has initiated various assessments taking a gander at parts of a typical against ordinary 

nourishment for human achievement, sanitization and natural pressing factor close by other verifiable 

properties (M. Manida et al (2019). Green displaying ought to fulfil two targets: improved basic quality and 

customer dependability (M. Manida, et al (2019). E-Marketing unmistakably from any spot of any country 

we can purchase regular food things in web (Dr G. Nedumaran, et al (2019). It contributes essentially to 

the monetary and social improvement of the nation by engaging business undertaking and conveying most 

noteworthy work openings at the modestly lower capital expense, close to developing. (M.Manida, et al 

(2015), (M. Alaguraja et al (2020). 

Problems and Prospects of Organic Cultivation 

 

Conclusion 
Natural farming suggests developing of agrarian and plant crops without compound compost, herbicide 

and pesticides. Rural practices continued in natural cultivating are represented by the standards of 

environment and are inside the biological methods. Natural horticulture is a creation framework that keeps 

away from or generally rejects the utilization of artificially intensified manures, pesticides, development 

controllers, animals feed addictive and hereditarily changed life forms. Natural ranchers depend on crop 

revolution, green excrements, fertilizer, organic irritation control, and mechanical development to keep up 

soil profitability and control bothers quite far and practicable. 
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Dragon fruit (Hylocereus undatus), a new introduction in India, is highly valued for its reported 

nutraceutical properties. It is a climbing vine cactus species with most beautiful fruit in the family 

Cactaceae. It is also known as Pitaya, Noble woman or Queen of the Night. Fruit has very attractive colour 

and mellow mouth melting pulp with black colour edible seed embedded in the pulp. In recent years, Dragon 

Fruit has been a growing market in India with many farmers now trying their hands at this new crop. The 

fruit is usually grown in Thailand, Sri Lanka, Israel, and Vietnam but is now slowly gaining traction in 

India. It can withstand even in drought conditions. There are no pest and disease found in dragon fruit 

cultivation. Dragon fruit consumed as fresh fruit and also prepared various value-added products jams, 

jelly and wine. 

Climate 
One of the major merits of these crops is that it can grow in the extremes of temperature and the poorest 

of soils but is best suited for the tropical climate with an annual rainfall of 40-60 cm best suited for growth. 

Temperature ranging from 20°C- 30°C is considered best for the crop to grow. 

Soil Requirement 
Dragon fruit can be grown on almost any soils however Sandy soils that have good irrigation are generally 

preferred. The pH of the soil should be between 5.5 to 6.5 for a good crop. Beds should be at least 40-50 cm 

high.  

Propagation and Planting 
The most common method of dragon fruit cultivation is by cuttings. However, it can be also propagated by 

seeds. But as seed take longer time therefore this method not suitable for commercial cultivation. An about 

20 cm length cuttings should be used for planting in field.  Keep the plant-to-plant space of 2 m X 2 m. Dig 

the pit size of 60 cm X 60 cm X 60 cm. These pits filled with top soil and compost with 100 grams of super 

phosphate. 
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Varieties 
There are several varieties of Dragon fruit that are grown and the famous varieties are: 

1. Hylocereus undatus: Also known as Pitahaya, the variety has a white flesh with pink skin. The fruit 

is 6-12 cm in length and 4-9 cm in thickness with edible black seeds 

2. Hylocereus polyrhizus: Also knows as Red Pitaya, it is recognised by its red flesh with its pink skin. 

It is native to Mexico but is now grown in many countries. 

3. Hylocereus costaricencis: The variety is known for its violet red flesh and pink skin. It is also known 

as Costa Rican Pitaya as it is native to Costa Rica. The fruit is magenta and the seeds are pear-shaped. 

4. Hylocereus (Selenicerus) megalanthus: This variety is native to South America and is characterised 

by its white flesh with yellow skin. 

Training 
To get proper upright and development of the plant, these should be supported by concrete or wooden 

columns. It is recommended to have round/circular metal frame to maintain balanced of the dragon fruit. 

Manures and Fertilizers 
Organic matter plays key role in dragon fruit development and growth. Each plant should be applied at 

with 10-15 kg of organic compost/organic fertilizers. Thereafter, increase the organic fertilizer amount by 

2 kg per year. This crop requires inorganic fertilizer for vegetative growth. In vegetative stage applied 

Muriate of potash: Super phosphate : Urea is 40:90:70 gram/plant. At fruit bearing stage low amount of 

nitrogen and high amount of potash should be applied for getting higher yield. Apply fertilizer Urea: Super 

phosphate: Muriate of potash is 50:50:100 g/plant. Increase fertilizer amount by 220 grams per year up to 

1.5 kg. 

Irrigation 
Since the plant requires less water irrigation as compared to other plants. However other at the time of 

planting, flowering, fruit development stage and hot dry climatic conditions, frequent irrigations are 

required. drip irrigation should be used for better efficiency. 

Harvesting 
These plants start bearing fruits in the first year. Generally, these plants start flowering in May-June 

months and bear fruits from Aug to Dec month. Picking of fruits can be done up to 6 times within this 

period. The maturity index of the fruit is colour breaking stage from bright green colour to red colour. The 

fruit should be picked as soon it is fully grown as even a delay of 4-5 days can cause it to rot. The techniques 

of picking it are twisting it in a clockwise direction and plucking it. 

Yield 
An average yield of dragon fruit is 5 to 6 tonnes per acre. 

  



 

 
Volume 3 - Issue 6 - June 2021       172 | P a g e  
 

Viable Agriculture through Organic Farming in Tamil 

Nadu 
Article ID: 11061 

M. Gowri Seeni Rajam1 
1M.Com, B.Ed, M.Phil, DCM., Assistant Professor, Aadhavan College of Arts and Science, Alathur, 

Manaparai, Trichy Dt. 

 

   

Abstract 
The sign of the paper is to assess the relationship of trademark creating to support the sensibility of 

standard agribusiness. Trademark development shows bountiful advantages, as it diminishes incalculable 

the natural effects of standard agribusiness, it can extend adequacy in little ranchers' fields, and it 

decreases dependence on expensive outer data sources, and guarantees cost charges for regular things. 

Ordinary ranchers in like way benefit by farmer accommodating and the game-plan of easy-going 

affiliations, which improves unprecedented authorization to direction, credit and government help 

associations. This paper brings out how the constraint of typical developing contributes for the moderate 

practices and improving climate affirmation, animal government help, and thing quality. 

Keywords: Trademark, Agribusiness, SWOT Analysis, ZBNF. 

Introduction 
India's advancement story is administration area drove. Assembling area development staying stale, 

importance of farming is quick declining. Natural farming can add to significant financial and 

environmentally practical turn of events, particularly in non-industrial nations. Agribusiness is at the 

interface of many major natural issues, for example, the environment challenge, the protection of soil 

quality, water and air. These adverse consequences constrain us to consider new methods of creation more 

conscious of the climate. In that capacity, the change to natural cultivating might be an intriguing other 

option. Natural Agriculture is referred to in every one of the situations of the Agriculture Energy 2030 

planned as one of the components of the methodology of activity to diminish the energy impression of the 

agrarian area. Current farming practices like utilization of manufactured composts, pesticides and so forth 

to boost crop yield adds to natural contamination. These methodologies at last upset the supplement 

equilibrium of soil and in this manner diminish soil ripeness. This naturally exceptionally confounded. And 

furthermore, exceptionally turn on natural horticultural creation included the ranchers in India defend the 

asset. 

Review of Literature 
1. K. Yadav, et al (2013), seen that Natural developing can give quality food without unfairly affecting the 

soil's prosperity and the environment. There is need to perceive sensible yields/things on common 

justification regular creation that has worldwide market demands. The whole territory as such can't 

tolerate going for normal at a time because of its obligations to shield food and dietary security. This will 

give abundant opportunity to work and get thriving and agreement the region.  

2. Suryatapa Das et al (2020), Highlight that Natural develops yields more nutritious and safe food. The 

reputation of regular food is growing definitely as customer searches for the characteristic food sources that 

are accepted to be better and safer. As needs be, common food possibly ensures food taking care of from 

estate to plate. The characteristic developing measure is more eco-obliging than customary developing. 

Characteristic developing keeps soil sound and keeps up environment dependability therefore, propelling 

the adequacy of buyers. 

Objectives of the Study 
1. To study on Sustainable Agriculture in Organic Farming. 

2. To examine the SWOT Analysis in Sustainable development in Organic Farming. 



 

 
Volume 3 - Issue 6 - June 2021       173 | P a g e  
 

Sustainable Agriculture in Organic Farming 
1. Sustainable Agriculture: Supportable horticulture is cultivating are broadly recognized as a suitable 

option in contrast to the traditional creation under numerous conditions and the natural items are 

purchased by the buyer. Supportable agribusiness centres on limiting the development effects on the 

climate and giving a practical degree of creation. Acceptable Agriculture finds a way into and supplements 

a current day cultivating. Regular creation developing is a self-coordinated industry with government 

oversight in a couple of countries. His most basic clarification behind obtaining normal farming is 

apparently feelings about the thing’s prosperity, giving properties and higher medical advantage. The 

inspired homestead progression timetable of the public authority as three bills, which were right now 

authorized in the enactment, could be another procedure of connecting with food makers and their 

purchasers. These three bills would attempt to lessen shortcomings through productive ventures and 

dispense deregulation among ranchers and purchasers. And furthermore Zero-Budget Natural Farming 

(ZBNF) is a comprehensive option in contrast to the current idea of significant expense substance inputs-

based horticulture. It is productive in tending to the concerns of climate change. Green based Agricultural 

advancement technique for rising country needs to zero in on expanding the profitability of the dirt under 

development, with lower costs, higher effectiveness of items with little or no harm to the two people and 

the climate. Developing is quite possibly the most prepared monetary activity in our country. Different 

areas have different strategies for advancement. Development, with its related divisions, is undeniably the 

best occupation provider in India, every one of the more so in the colossal natural districts. Green climate 

recommends things and practices that are standard, legitimate similarly as by and reasonable formative 

earth.  

2. Organic Farming: Natural cultivating is a cultivating strategy that supports, improves and keeps up 

the nature of the biological system. Thus, natural cultivating doesn't have unsafe and weakening impacts 

on the biological system. Natural cultivating has seen an exceptional in general improvement in pretty 

much every harvest type because of expansion in mindfulness in food security and biological wellbeing. 

Wellbeing careful buyers today will keep up the development of the natural agrarian area in a few different 

ways. 

3. Green advertising: Green advertising is an apparatus for ensuring the climate for the group of people 

yet to come. It decidedly affects natural security. In light of the developing worry of biological insurance, 

there is a surfacing of another market which is the green market. Ranchers found that PDAs gave them 

direct admittance to data on market costs, crop assortments, planting times and agro-input costs. A few 

ranchers utilized telephone number crunchers, radio and some messed around during their relaxation time. 

Unmistakably a lot of this had a public character exemplified in it, regardless of whether it was upgrading 

establishments to effectively look at India's opportunity improvement, and installed in the credibility of 

trusteeship. 

4. Organic Product: Common asset the board the leaders’ practices conventionally raise the effectiveness 

of nuclear family work through changes in cultivating rehearses, for instance, administering water, soils, 

and reap stores to extend in situ catch and support of precipitation and raise land benefit or controlling 

disturbances and weeds by abusing typical natural strategies (Dr. G. Kanagavalli et al (2020). A making 

energy for trademark food has prompted different evaluations looking at parts of typical against common 

food since human flourishing, sterilization and ecological pressure nearby other unquestionable properties, 

for example, nutritive respect, taste, newness and appearance (M. Manida et al (2019). Green exhibiting 

should satisfy two targets: improved normal quality and customer loyalty. Confusing each or 

overemphasizing the past to the drawback of the last can be named natural advancing childishness (M.  

Manida, et al (2019). 

It is spread ludicrous world or over the globe the system of E-Marketing. E-Marketing clearly from any 

place of any country we can buy common food things in web (Dr G. Nedumaran, et al (2019). It is huge for 

the promoters to utilize the resources reasonably and gainfully without waste similarly as to achieve the 

affiliation's objective. So green exhibiting is unavoidable (M. Manida, et al (2015), (M. Alaguraja et al 

(2020). Agri-biotechnology is being applied across poultry and dairy developing, fisheries, planting, 

horticulture, the sustenance taking care of industry, and genetically changed (GM) advancement (V. 

Prabakaran et al (2020). 
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SWOT Analysis in Sustainable Development in Organic Farming 

 

Conclusion 
Planet earth is standing up to a critical trial of an overall temperature change. The Green displaying 

thought is a ton of the very the green plants that give oxygen, which is the crucial need of living. Various 

yield improvement is practiced in India and it is seen that forefront cultivating requires the replacement 

of more sensible practices. Functional cultivation bases on ideal enhancement equilibrium and 

characteristic working of soil. This Sustainable agribusiness is more useful to the farmer and it offers work 

to people. The future degree is there for the viable developing and it will be more useful to people. 
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Abstract 
This article has assessed the Economics of Sugarcane based intercropping system and its effects on 

productivity and profitability at farm level situation alongside .Every year sugarcane farmers face financial 

crisis, due to delay payment by sugarcane factory. keeping in mind these facts, six pulse intercropping 

system i.e., Sugarcane + Rajma , Sugarcane + Lentil, Sugarcane + Pea, Sugarcane + Gram, Sugarcane + 

Green gram and sugarcane+ Black gram were assessed on farm with sugarcane sole crop as a control. It 

has been observed that, sugarcane+ Rajma as intercrop was highest net return per hectares Rs. 166399 

followed by Gram, Lentil, Green gram ,Pea and Black gram Rs. 141833, Rs. 141000, Rs. 137760, Rs. 127420 

and Rs. 125844 respectively. Thus Sugarcane + Rajma intercrop emerged best fit (B : C ratio-1.77 ) as 

compared to other options in the study area. 

Introduction 
Intercropping has been recognized an excellent practice to increase total yield, high monetary returns and 

greater resources utilization and fulfil the diversified need of farms. 

The increasing food needs due to mounting population pressure and progressively shrinking per capita 

agricultural land availability warranted the intensification of cropping system in the country which is 

possible mainly through the selection of suitable and most profitable crop and cropping systems. The 

approach involves sequential as well as intercropping and mixed cropping systems aimed at efficient 

utilization of natural and man-made resources of production. 

Every farmer wants to get extra income from their investment within shortage possible time. Sugarcane is 

a long duration crop and requires 12-16 months to mature, soil is difficult for the growers especially poor 

sugarcane growers to wait such a long time to get economic return from sugarcane hence there is ample 

scope to grow short duration, high value and mid-season income generating crops as intercrops. Inter 

cropping not only gives additional incomes to the growers but also provide money during mid-season for 

further need based utilization. 

Cane Intercropping Research 
The two countries where intercropping of cane is practiced widely on commercial scale of population for its 

land area yet almost 90% of its arable area is devoted to sugarcane, leaving no new land available for the 

production of food crops. Mauritius starting investing the economics of intercropping cane over 50 years 

ago.  

For study Samastipur district of north Bihar was selected purposively, since it was one of the major 

sugarcanes based intercropping area. The data was collected through survey method for information 

required for the study. A number of crops as intercrops with sugarcane has been tested at Sugarcane 

Research Institute, RPCAU, Pusa, Samastipur, the main aim to get increased total productivity per unit 

area and time, besides equitable and judicious utilization of land and other resources. A core selection of 

crops can reduce the mutual competition to a considerable extent.  

As the scope of extensive cultivation is limited. The research on the multiple cropping sequences gains 

importance. An in-depth study of different and their relative economic significance with reference to both 

time and space sequence would enable identification of the most efficient crops in a region. Increase the 

knowledge on the multifunctional role of intercropping like production level and stability resource use, 



 

 
Volume 3 - Issue 6 - June 2021       177 | P a g e  
 

environmental impacts and product quality of inter crops. The higher production and profitability (return 

and profit) under sugarcane based intercropping system may be achieved through – several profitable and 

sustainable research recommendations have been developed for the successful intercropping of various 

crops in sugarcane. 

Comparative Profitability of Sugarcane with Autumn Pulse Crops 
In Bihar sugarcane is planted in two distinct seasons i.e., autumn (October-November) and spring 

(February-March), hence, intercrops of both the seasons are also different. In autumn-planted Sugarcane 

Rajma, Lentil, Pea and Gram can be grown as intercrops for better yield and sustainability in farmer’s 

field. 

The per hectare total cost incurred and returns realized from (Sugarcane + pulses) were calculated and 

presented below. 

The table represents per hectare estimated gross returns, total costs and net returns for sugarcane with 

that of pulse intercrops, one year rotation viz. Sugarcane + Rajma, Sugarcane + Lentil, Sugarcane + Pea 

and Sugarcane + Gram on an average the net return per hectare from sugarcane + Rajma was about 35.16 

percent more than that of sugarcane sole crop, followed by sugarcane + gram (15.21%), Sugarcane + lentil 

(14.53%) and sugarcane + Pea (3.50%) respectively.  

The economics of different intercrops was worked out and found that sugarcane + Rajma were the best 

combination which gave highest net returns (Rs. 166399 ha-1) and the highest B : C ratio (1.77) as compare 

to sugarcane + gram and sole cane. 

The second highest net returns (Rs. 141000-ha) and the B: C ratio (1.66) in sugarcane + lentil intercropping 

systems also reflected the same.  

However, autumn sugarcane + Rajma has also been reckoned profitable as well as sustainable one due to 

additive nutrient synergies in the system. Moreover, intercrop rajma in autumn sugarcane improved soil 

fertility through entire leaf fall at pod maturity besides root mass addition. 

Sugarcane with Pulse Crop in the Spring Season 
The pulse like Green gram and Black gram have also been recommended as intercrop in spring sugarcane. 

The companion cropping of sugarcane with high value medicinal, vegetable for seed purpose for 

remunerative rather than growing the sole crop of sugarcane. 

Growing pulses with sugarcane crop not only increases the area under pulse crop but also reduce the 

intensity of weeds and provide mid-season income to house holds for further use of critical inputs to 

sugarcane along with additional employment opportunities. 

However highest cane yield (890 t ha-1) was obtained with intercropping of sugarcane with summer moong 

followed by intercropping with summer Green gram (860 t ha-1) and sole cane (985 t ha-1) on an average the 

net return per hectare from sugarcane + Green gram gave highest net return of (Rs. 1,37760 ha-1) and the 

highest B : C ratio (1.66) as compared to sugarcane + black gram (Rs. 1,25844 ha-1) and sole crop only (Rs. 

120708 ha-1), respectively. 

Conclusion 
Thus, the inclusion of short duration pulses intercrops like Rajma, lentil, pea and Gram in autumn planted 

sugarcane may improve the socio-economic status of small and marginal cane growers by generating mid-

season income. 

Besides providing higher system profitability, intercropping of legumes also improve soil health and makes 

the plant-ratoon system sustainable. 
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Table: Production potential and economic analysis of sugarcane-based pulses cropping system: 

Cropping 

system 

Yield (q/ha) Cost of 

cultivation 

(Rs./ha) 

Gross 

return 

(Rs./ha) 

Net 

return 

(Rs./ha) 

Additional 

Income 

increases 

over sole 

sugarcane 

(Rs./ha) 

B:C 

ratio Sugarcane intercrops 

Autumn 

Cane 

1000 - 186892 310000 123108 - 1.66 

Sugarcane 

+ Rajma 

850 17 216101 382500 166399 43291 (35.16) 1.77 

Sugarcane 

+ Lentil 

930 13 212300 353300 141000 17892 

(14.53) 

1.66 

Sugarcane 

+ Pea 

870 17 218780 346200 127420 4312 

(3.50) 

1.58 

Sugarcane 

+ Gram 

830 20 215467 357300 141833 18725 

(15.21) 

1.66 

Spring cane 985 - 184642 305350 120708 -  

Sugarcane 

+ Black 

gram 

890 8 206056 331900 125844 5136 

(4.26) 

1.61 

Sugarcane 

+ Green 

gram  

860 10 208840 346600 137760 17052 

(14.13) 

1.66 

Note: Figures in parenthesis indicate percentage. 

Selling price (Rs.): 

Crop Rs./q Crop Rs./q 

Sugarcane 310/q Gram 5000=00 

Rajma 7000=00 Black gram 7000=00 

Lentil 5000=00 Green gram 8000=00 

Pea 4500=00   
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Domestic animals are usually suffering from various skin problems, some are easy to cure but others are 

more complicated, which affect the productivity and comfort of the animals and led to economical loss of 

farmer. So, it is very important to cure the skin diseases of the animals as soon as possible to reduce losses. 

Skin is one of the most vital organs in the body due to its important functions as a protective barrier against 

various external agents and also serve as a temperature regulator. It is made up of three layers: epidermis, 

dermis, and hypodermis. An injury or any disorder in the normal structure of the skin, which can lead to 

loss of conjunction in the body tissue called as wound. 

Time is a significant parameter in wound healing and repair and there are several reports which suggested 

that treatment of skin wound with stem cell reduces the healing time of damaged tissue or wound compare 

to normal treatment, which provide a promising opportunity for the treatment of skin diseases/ damaged 

tissue. 

 

The Process of Dermal Wound Repair 
Clinically wounds are divided into two groups: 

1. Acute group. 

2. Chronic group. 

Any injury to the skin that occurs suddenly rather than over time, which damaging the integrity of soft 

tissue is known as acute wound. The wounds, which are caused by various mechanical or environmental 

damages such as extreme high temperature changes, contact with chemicals, and radiation, resulting in 

the entrance of the organism into the body and cause infection, knows as chronic wounds. Unlike acute 

wounds, healing of chronic wounds is slow down due to prolonged pathological inflammation, while the 

process of treatment is similar in both types. 

Wound repair is a complex biological process in the body, which occurring in all tissues and organs. The 

repair process is depending on the type of injury. Skin wound repair is a highly dynamic process including 

interaction between epidermal and dermal cells, controlled angiogenesis, the extracellular matrix, and 

plasma-derived proteins.  It consists of three phases: inflammation, proliferation and tissue remodelling.  
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Inflammation is the first stem which occurs soon after tissue damage, and the key feature of this phase is 

to prevent infection. The inflammatory response starts with the release of cytokines such as platelet-

derived growth factor (PDGF), transforming growth factor (TGF-β), fibroblast growth factor (FGF) and 

epidermal growth factor (EGF). The proliferation stage of tissue repairing begins almost 2–10 days after 

skin/tissue damage and it is determined through interaction between different cell types. At first, 

keratinocytes are come to the injured dermis and then the angiogenesis occurs. During angiogenesis, 

fibroblasts and macrophages replace the fibrin clot. In the final stage (remodelling), fibroblasts and 

macrophages are transformed into myofibroblasts. This myofibroblasts are classified as contractile cells 

and play an important role in the closure of the wound. The main objective of the remodelling stage is to 

extend new epithelium and apoptosis of redundant blood vessels, fibroblasts, and inflammatory cells, 

resulting in maturation of wound. 

What is Stem Cell? 
Stem cells are uncommitted, undifferentiated and self-renewable cell types which can give rise to different 

cell lineages including cartilage, bone, muscle and adipose tissues and many more other cell/tissue types.  

There are several types of stem cells including embryonic stem cell, induced pluripotent stem cells (iPS), 

and adult stem cells. Various study has been reported that every organ or tissue in the body contain adult 

stem cells. Among the different types of adult stem celsl, mesenchymal stem cells (MSCs) and adipose-

derived stromal cells (ASCs) play important role to enhance tissue regeneration. The MSCs have the ability 

to migrate from the bone marrow to an injured site and differentiate into functional skin cell. Furthermore, 

MSCs secrete soluble factors that regulate cellular responses, angiogenesis formation and tissue 

remodeling and play an important role in different phases of wound‐healing process including, 

inflammation, proliferation, contraction and remodeling. Additionally, MSCs have antimicrobial activity 

which preventing the wound infection. So, this therapeutic potential of mesenchymal stem cells makes 

them an attractive choice for the treatment of chronic wounds. The MSCs can be isolated from various sites 

such as bone marrow, adipose tissue, amniotic fluid, and dermis and can be used as regenerative medicine. 

Apart from this MSCs can interact with various immune cells such as natural killer (NK) cells T cells, B 

cells and macrophages and induce MSC-regulated immune-suppression. The immune-suppression by 

MSCs is not activated at all times and it is dependent on the type and strength of the inflammatory 

stimulation. 

So systemically injection of MSCs, migrate to various sites of injury in the host. And help in wound healing 

events such as matrix deposition and blood vessel formation by stimulating increased rate of proliferation, 

differentiation, and growth factor production such as fibroblast growth factor and vascular endothelial 

growth factor. So, all these properties make MSCs the best candidate for wound‐healing. 

Conclusion 
The skin diseases or wounds in livestock animals reduce the health and productivity of the animals which 

leads to economical loss of framers. Normal treatment of chronic wounds requires longer time and sometime 

not curable. So, using of Mesenchymal stem cells as a regenerative medicine provides a promising area for 

the treatment of skin diseases in domestic animals. 
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Abstract 
In spite of giving sustenance to around 60% of India’s population, the contribution of agriculture sector to 

the country’s gross domestic product has been customarily decreasing and it stands at almost 15% right 

now which is indicating a transparent discrepancy. It has been noticed that India’s food grain production 

is showing symptoms of plateauing, suggesting saturation that demands a major reshuffle in rural 

economy. Due to the population increase, the requirement for food will also arise leading to an enhancement 

in the food prices; moreover, with the increase in employment opportunities in this agrarian sector, the 

encumbrance on agriculture will decline. As a result, the prevailing situation calls for a necessity of major 

policy measures to boost up the rural economy and create new infrastructure for the farm sector as well as 

the government will be in a position to go ahead with the fine tuning of the policies. 

Keywords: Agriculture, food, gross domestic product, policy. 

Introduction 
Although the apportion of agricultural sector in India’s economy has perceptibly deteriorated, even today 

agriculture, directly or indirectly, engrosses more than 50 percent of India’s workforce and contributes 

approximately 17 percent of the gross domestic product or GDP. With the burgeoning population and 

escalating income sources in the metropolitan areas, there is always an additional encumbrance to 

manufacture more and better, in terms of both the quality and quantity. Nevertheless, agri collaborators 

more specifically the peasants still encounter numerous fundamental disputes such as government’s 

insensibility, irregular and rapid climate change, agitated accession to credit facility, unethical and 

corrupted market practices and a fragmented supply chain. 

Since the era of Indus Valley civilisation, for decades, agriculture has been a cornerstone of our Indian 

economy but the markets mostly relied upon agrarian economy impelled by mammoth urbanization and 

industrialisation and reinforced by flourishing middle class have now-a-days matured beyond cultivation. 

Notwithstanding more or less 70 percent of rural households still dangle upon agriculture chiefly for 

sustaining their livelihood. 

Moreover, India’s agricultural exports elucidate almost 12-13 percent of total exportation and whilst the 

green revolution of 1960’s focused on nation’s food security, modernistic requirements from this particular 

sector considerably overstepped elementary self-sufficiency level. The contribution of agricultural sector to 

India’s GDP has declined over the years, from 50 percent in the year 1950 to 17.3 percent in 2016. From 

being the greatest benefactor to the country’s GDP, agriculture is currently in authentic jeopardy of 

becoming an also-ran or worse still an Achilles heel in a growing economy. 

Population experts anticipate the addition of another roughly 3 billion people to the planet’s population by 

the mid-21st century. However, the amount of arable land has not changed appreciably in more than half 

a century. It is unlikely to increase much in the future because we are losing it due to urbanization, 

salinization, and desertification as fast as or faster than we are adding it. Water scarcity is already a critical 

concern in parts of the world. 

Climate change also has important implications for agriculture as the sea level rises, submerging low lying 

cropland, and as glaciers melt, causing river systems to experience shorter and more intense seasonal flows, 

as well as more flooding. 

Recent reports on food security emphasize the gains that can be made by bringing existing agronomic and 

food science technology and knowhow to people who do not yet have it, as well as by exploring the genetic 

variability in our existing food crops and developing more ecologically sound farming practices (Summary 

Statement from a Bellagio Meeting, 2007). As policy makers and funding agencies wake up to this 
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challenge, the need of the hour is to increase agricultural productivity through focused research and 

demand driven newfangled conceptions. 

Five Ways Technology Can Change the Future of Farming in India 
The contemporary detonation in the massive utilization of smart phones in rural regions has facilitated the 

agricultural sector to take its very first consolidated footstep in the direction of technology endorsement. 

The conjunction of mobile networks, broadband internet, cloud platforms, internet of things (IoT), artificial 

intelligence (AI) and open data has commenced the transformation in this section and all of these 

indications bespeak a greater influence in adjacent future. The mostly impacted areas across pre- and post-

harvesting of crops where technology can impose its profitable impression are as follows: 

Soil testing: The use of technology in soil testing on-site, quicker and easier promotes the accurate analysis 

of different nutrient levels in soil and determines fertility that ultimately can be disseminated to the 

farmers to diagnose which nutrients through fertilizers or manures are required for replenishment of soil 

and it would go a long way in enhancing yield on the whole by making enlightened conclusions on the choice 

of cropping patterns, crop diversification and inputs like seeds and fertilizers. 

Access to inputs: From a technological viewpoint, e-commerce and mobile based solutions with their 

expansive extension and distribution can play a momentous responsibility in improving farmers’ incomes 

and accessing credit easily. Agri inputs including seeds, fertilizers, insecticides, herbicides etc. can be 

broadened to capital inputs like tractors and other farm equipment that often require larger investment. 

Micro-financing: More than 80 percent of Indian farmers are small and marginal who generally lack 

economies of scale and follow conventional cultivation methods resulting in generally higher per capita 

production cost and low yield levels. Micro-financing has a crucial impact in this matter that helps poor 

farmers to meet their basic demands; give protection against risks and most importantly improve income 

generation. To overcome the jeopardy of non-performing assets (NPAs), various companies leverage 

technologies for building an entire ecosystem around microcredit lending. 

Crop insurance: The majority of the farmers' subsistence relies upon the quality and quantity of the yield 

produced and Indian agriculture is very much disposed to disasters and hazards beyond our command. 

Nevertheless, the crop insurance schemes become indispensable due to its effect in reducing the adverse 

impact on the lives of cultivators. Satellite imagery and weather forecasting can better furnish insurers 

with early warnings of dangers and consecutively, farmers too, can be forewarned and losses may be 

reduced or averted. IoT can execute more specifically the assignment of gathering information on soil 

health, monitoring crops, and collecting crop data, besides, satellites, drones, mobile cameras and 

applications can be an exceptionally cost-effective mode of collecting data on the area under production, 

yield estimation, etc. 

Market linkage and access: Market linkage and access are being contributed by several companies 

working in agricultural sector who implement technologies to onboard farmers, profile them and provide 

them with a demand forecast that empower peasants to be sure of a market, as well as move towards crop 

diversification and higher income produce. Eradication of middlemen, optimization of transport and better 

synchronisation between demand and supply aid to raise farmers’ earnings at their doorstep and help to 

minimize distribution losses that have plagued India Agri space for decades. 

Strategies Necessary for the Development of this Sector 
1. Remarkable supply chain should be acquainted to connect the domestic and international markets and 

irrigated areas should be expanded. 

2. Agricultural research, advancement of policies and profitable farming with well experienced strategists 

are mandatory. 

3. This sector must be addressed as a business and the farmers as entrepreneurs.  

4. Proper education must be provided to the cultivators to bridge the knowledge gap. 

5. Credit lending should be pretty affordable and land reforms must be refocused. 

6. Watershed development, rainwater harvesting, integrated farming system and sustainable agriculture 

must be promoted to facilitate all-embracing augmentation of this industry. 
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7. Smart/precision agriculture through upgraded technologies such as satellite, big data, and cloud-based 

services, GPS, IoT, livestock biometrics, agricultural robots, drones, infrastructural health sensors; 

machine-to-machine etc. is being acknowledged by agricultural sector for saving labour costs and to 

improve quality, productivity, sustainability, and profitability.  

8. Organic farming, collective as well as corporate farming can tackle the hibernated agricultural growth 

and recuperate productivity by a colossal margin. 

Is India on the Right Track? 
As Indian agriculture is mainly dominated by small and marginal farmers and their fragmented land 

holdings, crop productivity is quite low and the burden on land is gigantic but still India is one of the biggest 

producers of food grains internationally. This backwardness of our agrarian economy necessitates an 

urgent change with the help of digital precision methodologies. India’s agricultural policies have observed 

a significant elevation since the Modi government came to authority in the year 2014 and adjudicated to 

concentrate on doubling farmers’ income by 2022, nevertheless, the government had determined to achieve 

an aspiring food grain production target of 291.1 million tons by 2019-20, an increment of around 2.6% in 

comparison with the previous year, mentioning a favourable monsoon in the current season. The 

government had implemented several plans to accomplish the destination viz. from agricultural 

productivity, soil health cards, crop insurance, irrigation, farm mechanisation, digitalisation, animal 

husbandry and allied activities and so on. The Consortium of Indian Farmers Associations (CIFA), India’s 

apex professional farmer’s organisation employed in effectual policy level interventions on behalf of farmers 

from all over India, has said recently that in order to double farmers income, the government needs to 

engage a consistent export/import policy and proactive market intervention to attain fair prices for 

agricultural produce. 

Conclusion 
Agriculture in India undergoes a multitude of sufferings due to several reasons such as scarcity of land; 

dearth of appropriate irrigation facilities; rapid urbanization and industrialization; weathering of topsoil; 

soil, water and wind erosion; lack of credit to the farmers and all of these causes have been considered as 

negative elements in agriculture rich country. But, even after all this malevolence, in the next two decades, 

Indian agriculture will fulfil the exigency of food security and expeditiously diversify itself. It will 

administer in a rural urban continuum, with hasty developments of markets and shifting of working 

populations from villages to linked small towns and also from crop production to value added activities. 

Employment growth will be exalted in these activities chasing a high rate of economic growth. All this will 

eventuate if the institutional structure can give the proper signals in term of technology, organisational 

support and the necessary economic support in terms of pricing and infrastructural background. Otherwise, 

there will be rising food prices engraving few goods and immiserization. 

Reference 
The Conservation of Global Crop Genetic Resources in the Face of Climate Change, Summary Statement from a Bellagio Meeting. 

(2007). http://iis-db.stanford.edu/pubs/22065/Bellagio_final1.pdf). 
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Abstract 
The fundamental specifications of new farm bills, 2020 expect to help approximately 86% small and 

marginal farmers in India who usually don’t possess effective means to bargain for their products in order 

to get a better price and also to invest in modern technologies for improving farm productivity. ‘Farmer’s 

produce trade and commerce (promotion and facilitation) bill’ or the act on agri-markets allows farmers to 

sell their produce outside APMC mandis to whoever they want. ‘The farmers (empowerment and protection) 

agreement of price assurance and farm services bill’ or the law on contract farming may allow the farmers 

to enter into a contract with agri-business firms or large retailers on pre-agreed prices of their produce. 

The third law entitled ‘The essential commodities (amendment) bill’ seeks to remove commodities like 

cereals, pulses, oilseeds, edible oils, onion and potatoes from the list of essential commodities which will 

surely attract private sector/foreign direct investment into agrarian sector. 

Keywords: Agri-business, contract farming, farm bills, productivity, trade and commerce. 

Introduction 
“The farm bill connects the food on our plates, the farmers and ranchers who produce that food, and the 

natural resources – our soil, air and water – that make growing food possible”. 

The farm bill is a package of legislation passed once every five years which has an enormous influence on 

rural livelihoods, the process of farming and the types of food grown. Farm bills arrange the platform for 

our food and farming system including programs ranging from crop insurance to accessibility of low- and 

medium-income families to healthy food and additionally from farmers’ training to wide acceptance of 

sustainable agriculture. 

The Indian agriculture acts or more commonly designated as Farm Bills, 2020 (The Hindu, 2021) are three 

acts initiated by the Parliament of India in the month of September in 2020 to usher revolutionary changes 

in the arena of Indian agriculture and perhaps help to double farmers’ income. 

The Lok Sabha approved the bills on 17th September, 2020 and the Rajya Sabha on 20th September, 2020; 

whereas, the President of India, Ram Nath Kovind gave his acceptance on 27th September, 2020. But, on 

12th January, 2021 the Supreme Court stayed the implementation of these farm bills and appointed a 

committee to look into the matter of farmer grievances related to the laws. 

Three Bills on Agricultural Reforms 
1. The farmers’ produce trade and commerce (promotion and facilitation) bill: 

a. This was introduced by the Union Minister of Agriculture and Farmers’ Welfare, Rural 

Development and Panchayati Raj, Shri Narendra Singh Tomar with an objective to open up 

agricultural sale and marketing outside the notified premises of Agricultural Produce Market 

Committee (APMC) mandis for intra and inter-state farmers. 

b. The bill may remove the barriers of intra/inter-state trade of agricultural products; provide a 

framework for electronic trading of agricultural produce and prohibits the state governments from 

collecting market fee, cess or levy for trade outside the APMC markets. 

c. Farmers can sell their product to anyone coming from anywhere. 

d. It encourages ending of the monopoly of traders; leads to increased competition among consumers 

or buyers; helps in free movement of agro products from surplus to deficit regions and creates a 

national market. 

e. End consumer gets better items at cheaper prices. 
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2. The farmers (empowerment and protection) agreement of price assurance and farm services 

bill: 

a. This agriculture reform bill relates to contract farming between a buyer and farmer, through an 

agreement before the production of any agro product.  

b. It can provide framework on trade agreements for sale and purchase of farm produce; open up 

window for farmers to enter into agreements with large buyers, retailers and exporters and also 

open a door to the global market. 

c. The mutually agreed remunerative price framework would protect and empower farmers. 

d. Farmers can know the price before sowing; high quality seeds, pesticides, fertilisers can be availed 

by the farmers and private investors will be interested in farming. 

3. The essential commodities (amendment) bill: 

a. This was introduced by Minister of State for Consumer Affairs, Food and Public Distribution, 

Shri Raosaheb Patil Danve to remove cereals, pulses, oilseeds, edible oils, onion and potatoes from 

the list of essential commodities and to deregulate the production, storage, movement and 

distribution of these food commodities.  

b. The central government is allowed to regulate the supply of the commodities during war, famine, 

extraordinary price rise and natural calamity, while providing exemptions for exporters and 

processors at such times as well. 

c. With the improvement of storage facilities, the wastage rate is likely to get reduced. 

d. This latest agricultural policy aims for a stable price which will eventually help in raising farm 

incomes. 

Reasons Behind Protest Against Agriculture Bill, 2020 
1. Against the spirit of cooperative federalism: 

a. Since agriculture and markets come under state governments, the ordinances are being seen as 

a direct encroachment upon the functions of the states.  

b. The provisions are viewed as against the spirit of cooperative federalism of the constitution. 

2. End of minimum support price (MSP): 

a. The dismantling of the monopoly of APMCs is treated as a sign of ending the assured procurement 

of food grains at minimum support prices. 

b. To the Centre’s ‘one nation, one market’ call, critics have sought ‘one nation, one MSP’. 

c. The farmers fear that due to this latest agriculture policy, they might not get paid as per MSP 

act. 

d. Farmers want provision for legal actions to be taken if any agency buys agro products from them 

below the minimum support prices as per the MSP act. 

3. No mechanism for price fixation: The price assurance bill, while offering protection to farmers 

against price exploitation, does not prescribe the mechanism for price fixation.  

4. Food security undermined: 

a. Easy regulation of food items compels the exporters, processors and traders to collect farm 

produce during harvesting season, when prices are generally lower, and release it later when prices 

increase. 

b. This situation would undermine food security since the states would have no information about 

the availability of stocks within the State and can lead to irrational volatility in the prices of 

essentials and increased black marketing. 

5. No consultation equals to mistrust: 

a. The government has failed to have any discussion with various stakeholders including farmers 

and middlemen and also with the state governments even though the subject of trade and 

agriculture are part of subjects on the state list.  

b. The attempt to pass the bills without proper consultation leads to the mistrust among various 

stakeholders including state governments. 

c. As per farmers, they think and believe that these farmers bill 2020 will help big business houses. 
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Justification in Favour of the Bill 
1. This law did not state anywhere that the current system of MSP based procurement of food grains more 

specifically wheat and paddy by government agencies would end.  

2. Purchases in state regulated APMC (agricultural produce market committee) mandis will continue as 

before.  

3. The APMCs wouldn’t prevent farmers from selling their produce or traders and processors from buying 

in these mandis. 

4. The laws provide farmers an alternative platform to sell like factory premise/processing plant, produce 

collection centre, cold storage, warehouse, silo or even the farm gate.  

5. Transactions in such trade areas will not be charged APMC market fee or cess.  

6. The bills bring changes in some key aspects of farm economy such as trade in agricultural commodities, 

price assurance, farm services including contracts and stock limits for essential commodities. 

7. The government believes that the newly passed agriculture bills in India will accelerate growth or 

reforms in agricultural marketing system through investment from private sectors and supply of agro-

products in national as well as international markets. 

Benefits Associated with the Bills 
1. The bills create trading areas free of middlemen and government taxes outside the structure of 

Agricultural Produce Market Committees (APMCs). 

2. It may allow farmers to sell their produce directly to the new zones without going through middlemen 

and paying levies such as mandi fees. 

3. It removed stock holding limits as well as inhibited inter-state and intra-state trade and created a 

framework for contract farming. 

4. These bills promoted the creation of Farmer Producer Organisations (FPO) on a large scale which would 

help in creating farmers’ friendly environment for contract farming. 

5. These bills may enable the private players to invest in warehousing, grading and other marketing 

infrastructure. 

6. A combined effect of these bills will help in creating a ‘One Nation, One Market’ for agricultural produce. 

Conclusion 
The Union government enacted two new farm laws for agriculture and modified the Essential Commodities 

Act, 1951 for agri-food stuff, in September 2020. The new acts have been widely acclaimed as historic, path-

breaking, and a “1991 movement” for agriculture. However, some stakeholders and experts have expressed 

serious apprehensions about the effect of these acts on farmers and agricultural sector. In a nutshell, these 

three policy reforms undertaken by the Central government are keeping balance with the changing times 

and requirements of farmers and farming. If they are implemented in right spirit, they will take Indian 

agriculture to new heights and usher in the transformation of rural economy. The reforms have generated 

optimism for India to become a global power in agriculture and a powerhouse for global food supply and 

can also carry the seed for farmers’ prosperity and to make it a growth engine of Indian economy. 

Reference 
“Farm Bills have potential to represent significant step forward for agriculture reforms in India: IMF”. The Hindu. PTI. 15 January, 

2021. ISSN 0971-751X. Retrieved 27 January, 2021. 
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Abstract 
An essential part of the Asian palette, rice has for long been a hot topic of discussion amongst health and 

fitness enthusiasts. Some suggest shunning it altogether; while some advice that it is better to switch to 

healthier alternatives like brown rice, red rice and quinoa. Amongst these healthier options, nutritionists 

have also started recommending a certain ‘forbidden’ variant of rice which is called the ‘black rice’. The 

secret of the intriguing nomenclature goes back to Ancient China, where a black variant of rice was 

consumed by a host of Chinese kinsmen for betterment of kidneys, stomach and liver, until a handful of 

noble Chinese men took possession of every grain and withheld it from public consumption. Black rice then 

became a property for the royalty and wealthy only in Ancient China. Black rice continued to be cultivated 

but only for the elite classes, in limited quantities and under strict surveillance. The common folk were 

prohibited from growing or consuming it, and since then it earned its much renowned label ‘the forbidden 

rice’. 

Keywords: Ancient China, black rice, forbidden, healthier, royalty. 

Introduction 
Black rice, also known as Purple rice/Forbidden rice/Emperor’s rice/Heaven rice/Imperial rice/King's 

rice/Prized rice in ancient China since only upper class could afford to eat; is a new type of rice belonging 

to the species Oryza sativa, some of which are glutinous rice. It is often called forbidden rice because, in 

Ancient China, black rice was reserved for the aristocracy. Its low yield i.e., only about 10% makes black 

rice still rarer than other types of rice, and it is being utilized for hundreds of years in traditional Chinese 

medicine which makes this rice so special. Black rice can refer to more than 20 varieties of Oryza sativa 

which are rich in anthocyanin pigment, the same antioxidant pigment that gives eggplants and 

blackberries their deep colour. It is almost always sold as a whole grain, with the outermost layer of bran 

intact, for which black rice is technically designated as a type of brown or unrefined, rice. The raw or 

uncooked grains look black, whereas cooked or soaked grains are purple in colour due to the mixing of dark 

bran with white endosperm. Although they look similar, black rice is not related to wild rice, a grain of the 

genus Zizania; instead, it is true rice: an antique variety that gets its colour from the same type of mutation 

affecting red rice. The grain is cultivated in South East Asian countries such as India, Indonesia, Thailand 

and China. Owing to its popularity in Western countries, it is now grown in small amounts in the Southern 

United States as well. Black rice is known as chak-hao in Manipur, India. Tamil Nadu has famous black 

rice called Karuppu Kowni rice/Kowni rice that is used for several medicinal purposes. 

Common Varieties of Black Rice 
1. Black sticky rice/Black glutinous rice: It is long grain glutinous rice which is generally used in Thai 

desserts and often mixed with white sticky rice and cooked by steaming. This type has a short grain size 

and sticky texture. The grains are unevenly coloured and generally used to make sweet dishes in Asia. 

2. Black japonica rice: A mixture of 25% black short grain japonica rice and 75% medium grain red rice 

is developed in California that is good for rice salads. It has an earthy flavour with a mild sweet spiciness. 

3. Chinese black rice/forbidden rice: It is grown in Zhezhiang in northern China and eaten as 

juk/congee/porridge; is firm, not sticky, and can be cooked more quickly than brown rice. 

4. Italian black rice: This rice variety has long grains and possesses the characteristics of both Chinese 

black rice and Italian rice with a rich buttery aroma. 
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5. Thai black jasmine rice: It has medium grain size and is originated from Thailand that combines 

Chinese black rice with jasmine rice. Jasmine rice is native of Thailand and has a subtle floral aroma which 

is also observed in Thai black jasmine rice due to the combination. 

 
Fig.: Black rice 

Some Surprising Nutritional Benefits of Black Rice 
Black rice is glutinous and contains a high level of nutrients such as vitamin B, vitamin E, iron, thiamine, 

magnesium, niacin, phosphorous and it is also rich in dietary fibre. Similar to normal white rice black rice 

is also free of gluten and cholesterol, low in sugar, salt and fat. 

USDA Nutrition Value Per 100g (Saikia, 2020) 
Name Amount 

Energy 356 kcal 

Protein 8.89 g 

Total lipid (fat) 3.33 g 

Carbohydrate 75.56 g 

Total dietary fibre 2.2 g 

Iron 2.4 mg 

Sugars, Calcium, Sodium, Vitamin C or total ascorbic acid, Vitamin A, total 

saturated fatty acids, total trans fatty acids and Cholesterol 

0 

1. Good source of several nutrients: Compared with other types of rice, black rice is highest in protein 

and a good source of iron essential for carrying oxygen throughout our body; besides, the grains have similar 

amount of fibre to brown rice. 

2. Rich in antioxidants: Black rice is especially high in several antioxidants which protect our cells 

against oxidative stress associated with an increased risk of various chronic conditions including heart 

disease, Alzheimer’s and certain forms of cancer caused by molecules known as free radicals. In addition to 

anthocyanin, black rice contains more than 23 plant compounds with antioxidant properties including 

flavonoids and carotenoids. 

3. Contains plant compound anthocyanin: The bran hull or outermost layer of black rice contains very 

high level of anthocyanins; group of flavonoid plant pigments (Yao et al., 2013) that are responsible for its 

dark purple colour which is higher by weight than that of other coloured grains. Anthocyanins have strong 

anti-inflammatory, antioxidant, and anticancer effects and may protect us against several chronic diseases, 

including heart disease, obesity, and some forms of cancer.  

4. May boost heart health: Many of its antioxidants like flavonoids have been associated with a decreased 

risk of developing and dying from heart disease. On the other hand, anthocyanins may improve cholesterol 

and triglyceride levels. 

5. May have anticancer properties: Anthocyanins in black rice may also have potent anticancer 

properties or are associated with lower risk of colorectal cancer; besides, anthocyanins can reduce the 

number of human breast cancer cells as well as slow their growth and ability to spread. 

6. May support eye health: Research shows that black rice contains high amounts of lutein and 

zeaxanthin which are two types of carotenoids associated with eye health as they protect the retina by 

filtering out harmful blue light waves. These compounds work as antioxidants to protect our eyes from 

potentially damaging free radicals and against age-related macular degeneration (AMD), which is the 

leading cause of blindness worldwide and also may decrease the risk of cataracts and diabetic retinopathy. 
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7. Naturally gluten free: While many whole cereal grains like wheat, barley and rye contain gluten, black 

rice is a nutritious, naturally gluten free option that can be enjoyed by the people with celiac disease who 

need to avoid gluten as it triggers an immune response in the body that damages the small intestine or 

cause negative gastrointestinal side effects, such as bloating and abdominal pain.  

8. May aid weight loss: Black rice is a good source of protein and fibre, both of which can promote weight 

loss by reducing appetite and increasing feelings of fullness thereby helping to decrease body weight and 

fat percentage. 

9. Lower blood sugar levels: Black rice may reduce blood sugar levels in the patients suffering from type 

2 diabetes.  

10. May decrease risk of non-alcoholic fatty liver disease (NAFLD): Adding black rice to a high fat 

diet may significantly reduce fat accumulation in the liver. 

11. Natural Detoxifier: The phytonutrients present in black rice cleanse the body of disease-causing 

toxins caused by free radicals. Black rice helps the liver which is one of the most significant detoxifiers of 

the body to eliminate unwanted substances through its antioxidant activity. 

Conclusion 
Black rice is high in antioxidants, including anthocyanin, which may support heart and brain health, and 

vitamin E, which supports eye and skin health and the immune system. Its antioxidants are both fat and 

water soluble, allowing them to potentially benefit multiple parts of the body. Black rice contains more 

fibre, iron, and protein than regular brown rice, and especially white rice. Like other whole grain rice 

varieties, black rice has a low glycaemic index, meaning that sugar is absorbed more slowly, providing a 

more stable energy source and avoiding the spikes in blood sugar associated with other carbohydrate rich 

foods. The high antioxidant activity of black rice makes it a super food and its application as an ingredient 

in other food products can create highly nutritious foods. Being a rich source of tocopherol/vitamin E, iron, 

antioxidants etc., it is proved to be a functional and novel ingredient in food processing. 

Reference 
1. Saikia, P. (2020). “Black Rice-Nutrition, Recipe and Benefits (Manipuri Black Rice)”. North East India Info. Retrieved 2020-

06-25. 

2. Yao S.L., Xu Y.; Zhang Y.Y. and Lu Y.H. (2013). “Black rice and anthocyanins induce inhibition of cholesterol absorption in 

vitro”. Food and Function. 4(11):1602–1608. doi:10.1039/c3fo60196j. PMID 24056583. 
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Abstract 
The farmers regularly complain about the menace of rice straw which is an assured by-product of 

mechanised agriculture exacerbated by inadequacy of labour and lack of time. When paddy is harvested by 

a combined harvester and thresher, it leaves behind a significant length of straw and stubble on the field 

thereby preventing other machines from sowing wheat seeds. With only 10-15 days between harvesting 

season of rice and sowing time of wheat, farmers often prefer to burn the stubbles to quickly eliminate 

them. Apart from contributing to air pollution, stubble burning deteriorates organic matter content, 

essential nutrients and microbial activity in soil; ultimately affecting long term productivity of soil. 

Although both the Central and State governments of India have encouraged many alternatives, farmers 

have been reluctant to adopt them. Instead, they find the traditional way of stubble burning to be easier, 

low cost and time efficient, compared to alternatives that demand more time, investment and labour. 

Keywords: Air pollution, alternatives, combined harvester, stubble burning. 

Introduction 
Crop residues are generated in large quantities and constitute an abundant but underutilised source of 

renewable biomass in agriculture. The amount of crop residues available in India is estimated to be to the 

tune of 508 million tonnes. It is estimated that burning one tonne of paddy straw accounts for loss of 5.5 kg 

nitrogen, 2.3 kg phosphorus, 15 kg potassium and 1.2 kg sulphur, besides organic carbon. According to the 

System of Air Quality and Weather Forecasting and Research (SAFAR), stubble burning during last year 

in Punjab and Haryana contributed to 44 per cent of the pollution in NCR Delhi. Every year in the months 

of October and November, crop residues are burnt and the smoke covers Delhi and parts of north India. 

The farmers in Punjab, Haryana and Uttar Pradesh prefer to burn the crop residues or stubbles of 

harvested crops as it is believed to be a cost-effective method. According to some estimates, farmers burnt 

about 11 million tonnes of stubble in Punjab and Haryana, out of 27 million tonnes of paddy stubbles 

produced last year. The numbers are likely to be similar this year also. The smoke from burning stubbles 

causes air quality to plummet. After residue burning, productivity of the land is reduced. Through the 

burning of crop residues or farm wastes, the heat generated kills friendly insects or worms and reduces the 

soil fertility. When farmers burn the residues, not only does it lead to air pollution, it also burns the top 

layer off the soil and deprives the fields of much needed nutrients. Crop residue burning is a potential 

source of greenhouse gases and other chemically and radioactive important trace gases and aerosols. Hence, 

the recycling of these wastes is an ecological necessity. 

What is Stubble Burning? 

 
Fig.: Stubble burning in India 

Stubble burning is the practice of intentional burning or setting of crop residues that remain on the field 

after harvesting on fire to remove them from the field in order to sow the next crop. The technique was 

widespread until 1990s, when governments increasingly restricted its use. When combine harvester is 

used, it becomes essential due to the crop residues left behind. In Punjab and Haryana, farmers burn the 

stubbles left after rice harvesting to make the field ready for next Rabi crop like wheat. It begins around 
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October, the same time at which the southwest monsoon withdraws. Section 188 of the Indian Penal Code 

(IPC) makes stubble burning a crime. It was notified as an offence under the Air (Prevention and Control 

of Pollution) Act, 1981. Despite being banned, the practice continues in India, where farmers cite a lack of 

viable alternatives to clear off their fields. 

Are Stubbles Total Wastes? 
1. About 25% of nitrogen and phosphorus, 50% of sulphur and 75% of potassium uptake by cereal crops are 

retained in crop residues. 

2. Burning of paddy straw results in nutrient losses viz., 59,000 t of N, 20,000 t of P, 34,000 t of K and 3.85 

million tonnes of organic carbon. 

3. Paddy straw has 39 kg ha-1 N, 6 kg ha-1 P, 140 kg ha-1 K and 11 kg ha-1 S and when this quantity is 

transformed into monetary values, it became Rs. 424 ha-1 of N, Rs. 96 ha-1 of P and Rs. 231 ha-1 of S, i.e., 

a sum equal to Rs. 751 ha-1 (Sidhu et al., 2007). 

3. Crop residue is not a waste but rather a useful natural resource.  

4. Still, stubble burning is continued by farmers, which adversely affects the nutrient budget in the soil. 

Why do Farmers Burn Stubble? 
1. In 1960s, as part of the Green Revolution, farmers in Punjab and Haryana were encouraged to follow 

paddy-wheat crop rotation to make India self-reliant in food grain production.  

2. There are two main reasons for crop residue burning. 

a. There is a very short window of time between harvesting of paddy and sowing of wheat, at the 

end of Kharif season.  

b. Removal of paddy stalk that remains on the field is a labour-intensive process.  

3. The only easiest and cheaper option that farmers have is burning the residues right on the field. 

What are the Effects of Stubble Burning? 
1. Pollution: 

a. Burning of crop residue releases about 149 million tonnes carbon dioxide, 9 million tonnes carbon 

monoxide, 0.25 million tonnes oxides of sulphur, 1.28 million tonnes of particulate matter and 0.07 

million tonnes of black carbon. 

b. It contributes to a lot of greenhouse gas emissions. 

c. It results in winter smog in different parts of the country.  

2. Soil fertility:  

a. Burning stubble depletes soil nutrients making it less fertile.  

b. The heat generated during burning kills the bacterial and fungal populations which are crucial 

for fertile soil. 

c. Stubble burning can cause an increase in enemy pests as many microorganisms in air are killed.  

3. Loss of wealth from stubble: 

a. High grade organic fertilizers can be prepared by mixing the stubble with cow dung and some 

natural enzymes. 

b. A lot of nitrogen, potassium, sulphur, and phosphorous as well as organic carbon are destroyed 

every year.  

c. They should ideally be used to make organic manure which will reduce the dependency on 

chemical fertilizers.  

d. Straw can also be used in electricity generation. 

Measures to Curb Stubble Burning 
1. Pusa bio-decomposer/decomposer capsule/Pusa compost developed by the scientists at Indian 

Agricultural Research Institute turns crop residue to manure in 15-20 days by accelerating the 

decomposition process. 

2. In 2020, Punjab appointed 8000 nodal officers in villages that grow paddy to check stubble burning and 

in 2019, the Supreme Court directed the governments of Haryana, Punjab and Uttar Pradesh to pay 

farmers a financial incentive. 
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3. Penalties for stubble burning are imposed on farmers who break the law and resort to burning crop 

residues. 

4. The state had been demanding to give ₹100 per quintal to farmers. 

5. Under 100% centrally funded scheme, in-situ residue management machines are given to individual 

farmers at 50% subsidy and to CHCs (custom hiring centres) at 80% subsidy.  

6. The government should subsidise the industries engaged in converting stubble into economically viable 

products. 

7. Efforts should be made to improve the combine harvester so that minimal residue is left behind. 

8. Encourage and incentivise the farmers to go for early paddy or shorter duration varieties like Pusa 

Basmati-1509 and PR-126, which can be harvested in the third week of September to give them enough 

time to harvest and thereafter prepare their fields for the next Rabi crop. 

9. Encourage farmers to sow alternate crops and shift them away in the long run from paddy to maize, 

fruits, vegetables and cotton. 

10. Use machinery like Turbo Happy Seeder, Straw baler, Paddy straw chopper-cum-spreader and 

subsidies for buying rotavator. 

11. Eminent agricultural scientist M. S. Swaminathan has suggested that the Delhi, Haryana and Uttar 

Pradesh governments could set up Rice Bio Parks, where farmers could convert stubble into products 

including paper, cardboard and animal feed. 

12. Efforts should be made through Kisan camps, training and workshops, apart from campaigns through 

various print media, T.V. shows, and radio jingles, in informing farmers about the alternative usage of crop 

residue by highlighting the health effects of crop residue burning. 

13. Farmers should be paid Rs. 1,000 per acre under Rashtriya Krishi Vikas Yojana. 

14. Stubble burry Scheme in Punjab for small and marginal farmers; use of crop residue in bio-thermal 

power plants; production of bio-oil from straw and other agricultural wastes and application of biochar 

should be promoted. 

15. Rice residues should be used as fodder for animals, bedding material for cattle, for mushroom 

cultivation, in paper production, making bio-gas etc. 

16. Mixing of green waste and brown waste for production of bio-compost is beneficial. 

Conclusion 
Farmers have a tough time unlearning the age-old practice of stubble-burning. Alternatives to stubble 

burning are not popular because they impose additional operational expenses, often from the farmer’s 

pocket. On the other hand, stubble burning only requires a matchbox. Further, most of the custom hiring 

centres are also unwilling to purchase this machinery upfront as they can be operated only for 15 days in 

a year, after which they have no use. In this context, the government has to either increase monetary 

incentives or offer technologies and policies that don’t require farmers to spend even more. It seems that 

imposing penalties only makes the problem harder to solve. 
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Summary 
Watershed is an area of land and water bounded by a drainage divided within which the surface runoff 

collects and flows out of the area through a single outlet into a river or other body of water. Watershed a 

major viable component of rainfed farming which promote sustainable farming and stabilizes crop yield by 

adopting suitable cropping and crop management systems by protecting soil and water resources; 

rehabilitate degraded lands, restore productivity through two ways of management viz., rain water 

harvesting and soil water conservation which helps to secure livelihood of resource poor farmers to rainfed 

ecosystem. 

Introduction 
Rain-dependent areas can be broadly split into two: ‘drylands’, which receive less than 750mm of rain a 

year; and rainfed areas, which receive more than 750 mm. in India, about 60% of total net sown area comes 

under rainfed lands. Rainfed crops account for 48 percent area under food crops and 68 percent under non-

food crops. India ranks 1st among the rainfed agricultural countries of the world in terms of both extent 

and value of produce. 

 
Fig 1 & 2: Watershed and Catchment area 

In drylands, water is the single most limiting factor of crop production. In rainfed areas, rainfall is the only 

source of water and its efficient utilization is important for successful crop production. Besides, droughts 

resulting from uncertain rainfall conditions and the consequent water scarcity are common in drylands.  

Proper rainwater management, conservation and development of water resources is therefore essential for 

meeting demands such as water for domestic use drinking water for cattle, industrial water needs etc. 

besides water for irrigation. 

Rain water management often involves interventions for runoff control and retention such as bunds and 

vegetative barriers and also water harvesting structures (e.g., farm ponds, check dams) and ground water 

recharge structures (eg. Nala bunds and percolation tanks). All these interventions are designed according 

to the estimated runoff which in turn depends upon the watershed area above it. During Green Revolution 
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era more emphasis given to ensure food grain self-sufficiency in the shortest possible time period through 

development of HYVs and only stray a force of soil water conservation under drought relief programmes 

and neglect land and soil fertility management. 

Supply all the inputs but water did not reach in dry land areas. Before green revolution farmers of dry 

tracks cultivated crops like jowar, bajra and pulses although these crops were low productivity but reduced 

the chances of loss with the variation of rain. Introduction of pumps during green revolution the farming 

become yearlong activity and farmers shift to cash crops like cotton, soybean, maize etc. and gradually 

become major crop in rainfed areas. 

The Major Objectives of a Watershed Programme are 
1. Increased crop production. 

2. Protection of environment. 

3. Drought mitigation and improved water availability/Flood control. 

4. Achieving social equity. 

5. Conserve moisture. 

6. Prevent Soil erosion. 

7. Control problems of drainage, salinity & alkalinity. 

8. Control floods. 

9. Collect surplus run off. 

10. Recharge ground water or increasing water table in wells. 

11. Improve main & on-arm irrigation system for higher productivity. 

12. Rehabilitate degraded lands; restore productivity & hydrologic function of degraded lands. 

13. Protect soil and water resources. 

14. Enhance water quality. 

Type of Watershed Development 
It is developed by two processes i.e., Rain water harvesting and Soil water conservation. Soil water 

conservation is two types i.e. In-situ soil water conservation and Ex-situ soil water conservation. 

1. Rain water harvesting: Rain Water Harvesting is the process of collecting, conveying & storing water 

from rainfall in an area for beneficial use. Water is stored in tanks, reservoirs, underground storage-

groundwater. 

2. Soil and water conservation: Water scarcity is undoubtedly the most critical issue in rainfed 

agriculture. Approximately 7100km3 yr-1 water is consumed globally to produce food, of which 5500km3 

yr-1 is used in rainfed agriculture and up to 2050 it will be 8500 to 11,000km3 yr-1. The current rainfall 

use efficiency for crop production is low ranging from 30 to 55%. To achieve the vast potential, rainfed 

agriculture needs to be upgraded. Soil and water conservation should be used as entry point activity for 

upgrading rainfed agriculture. 

3. In-situ soil water conservation: In-situ soil and water conservation measures are important for 

effective conservation of soil and water at the field level. The main aim of these practices is to reduce or 

prevent either water erosion or wind erosion, while achieving the desired moisture for sustainable 

production. The suitability of any in-situ soil and water management practice depends greatly upon soil, 

topography climate, cropping system, and farmers resources. 

4. Ex-situ rain water Harvesting and soil water conservation: In the areas with annual rainfall >500 

mm, this approach could be widely adopted to enhance the cropping intensity. It diversifies the system into 

high value crops, increase the productivity and incomes from rainfed agriculture and at the same time, 

creates assets in the villages.  

Some of the most commonly used runoff harvesting and groundwater recharging structures are earthen 

check-dam, masonry check-dam, stop check-dam, farm ponds, tank, sunken pits, recharge pits, loose 

boulder, gully checks, drop structure, and percolation pond. 
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Table 1: Crop yields in different land and water management systems at Sujala watersheds in 

different districts of Karnataka. 

Source: ICRISAT (2008) 

 
Fig 3 & 4: Different types of watershed development 

Emerging Issues 
1. More emphasis given to ensure food grain self-sufficiency in the shortest possible time period and 

overlooked developmental needs of vast tracks of dryland farming. 

2. Neglect land and soil fertility management only stray a force of soil water conservation under drought 

relief programmes. 

3. International organization mainly focus development of HYVs and the integrated soil fertility 

management came almost an afterthought. 

4. As a result, developmental policies for dryland farming end up with the programmes of the various kinds 

of relief fund and subsidies. 

Conclusion 
1. Rainfed farming is mostly characterized by fluctuating rainfall, aberrant weather condition etc. which 

creates the limited scope to crop diversification and production. Profit making enterprises are more risk 

involved which has the greater social impact. 

2. During Green Revolution era more emphasis given to ensure food grain self-sufficiency in the shortest 

possible time period through development of HYVs and only stray a force of soil water conservation under 

drought relief programmes and neglect land and soil fertility management. 

3. Watershed a major viable component of rainfed farming which promote sustainable farming and 

stabilizes crop yield by adopting suitable cropping and crop management systems by protecting soil and 

water resources; rehabilitate degraded lands, restore productivity through two ways of management viz., 

rain water harvesting and soil water conservation which helps to secure livelihood of resource poor farmers 

to rainfed ecosystem. 

District Crop Yield without contour 

cultivation with 

conservation furrows (t/ha) 

Yield with contour 

cultivation with 

conservation furrows 

(t/ha) 

Increase in 

yield (%) 

Haveri Maize 3.35 3.89 16 

Dharwad Soybean 1.47 1.80 23 

Kolar Groundnut 1.23 1.43 16 

Tumkur Groundnut 1.25 1.50 21  
Finger 

millet 

1.28 1.59 24 
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Introduction 
Sugarcane is labour intensive crop for different operations. Considering the present trend of non-

availability of labour for sugarcane production, it has been experienced that the use of modern machinery 

is imperative. Use of machinery helps in labour saving, timeliness of operations, reduces drudgery, helps 

in improving quality of work, reduces cost of operation and ensures effective utilization of resources. In 

case of sugarcane crop although machinery has been developed, however the adoption of these implements 

and machinery have not been up to the desire. Thus, there is a considerable mechanization gap, especially 

in the area of sugarcane planting, intercultural, harvesting and ratoon management. Therefore, it is 

necessary to concentrate on efforts to be made for adoption, development and popularization of sugarcane 

machinery for various cultural operations (Singh and Sharma, 2010). 

Different Stages in Sugarcane Mechanization 
The following are the various stages where mechanization is required in sugarcane cultivation.  

1.  Land preparation: Sugarcane needs good tilth because it stands in the field for 10-14 months. Tillage 

operations for planting sugarcane in the sub-tropical India is done with the help of mould board plough, 

disc plough, disc harrow, duck foot tillers, rotavators, cultivators, bund formers, trenchers, ridger, furrower 

and other local tillage tools. Introduction of tractor operated rotavators have been found quite effective in 

cane cultivation. Land preparation and stool removal in sugarcane production can be a major contributor 

to overall production costs.  

2. Opening of furrows: Tractor drawn adjustable ridger spaced at six feet distance is used for opening 

furrows to a depth of 1.5 feet for surface irrigation. In case of sub-surface drip irrigation, lateral laying 

machines are used directly to open furrows and to lay the lateral at a depth of 10-15 cm simultaneously. A 

tractor with 50-70 HP can open furrows at the rate of one hour per acre. 

3. Planting of sugarcane: In case of automatic planters, dropping of the bud is also automatic besides 

other operations. But, with the development of sugarcane cutter planter, where cutting of whole cane into 

sets is also done simultaneously, planting through equipment has become a viable hypothesis. The first 

sugarcane cutter planter was developed by Indian Institute of Sugarcane Research (IISR), Lucknow. The 

cost of Sugarcane planting may be reduced from 85% to 60% labours with use of mechanical planters 

compared to the conventional system. The average field capacity is about 0.2ha/h, the depth of placement 

of bud sets is in the range of 160-180mm (Singh and Sharma, 2008). 

  

Manual planting IISR Cutter cum planter 

4. Weeding and Inter-cultivation: After emergence, weeding is done with the help of animal drawn or 

tractors drawn cultivators. Tractor operated cultivators can effectively by used by adjusting the spacing 

between the tynes as per conventional row spacing. Use of self-propelled rotary weeder and light weight 

power tiller, tractor tiller with ridges and discs have been followed for intercultural and earthing of 

sugarcane. Tractor drawn earthing up devices have also been developed and can be used effectively till the 
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plant growth does not hamper with the operation. A low HP tractor drawn earthing up cum fertilizer 

applicator unit is multipurpose equipment for performing mechanical weeding, earthing-up and fertilizer 

application operation simultaneously in wide row planted sugarcane. It covers 0.33 ha/h or 2.64 ha/day 

with weeding efficiency of 94% and field efficiency of 82.70% (Singh and Sharma, 2010). 

 

5. Fertilizer and pesticide applicator: Tractor mounted fertilizer distributor is used to spread the 

fertilizer in the band form. It is a semi mounted implement attached to the tractor hitch system. The 

application rate can be controlled by the lever thereby opening and closing the aperture. The application 

rate varies from 500-700 kg per hectare. Its capacity may be 0.35m3. Fertilizer spreader can also be used 

for spreading of fertilizer and granular insecticides. It is attached to the tractor 3-point linkage system and 

is powered by the PTO of tractor. The power is transmitted to the disc which accelerates the fertilizer along 

the oscillating spout. Even distribution of fertilizer is achieved with the spreader. Many types of sprayers 

like power sprayer, hydraulic sprayer, knapsack sprayer, bucket sprayer, hand compression sprayer, rocker 

sprayer and foot operated sprayer and dusters like plunger type, knapsack type, rotary type and power 

operated dusters are available in different sizes for plant protection operations. 

 

  

Intercultural operation Fertilizing Spraying pesticide 

6. Harvesting and detrashing of cane: Harvesting of sugarcane consumes around 50 percent of the total 

requirement and accounts for more than 20% of the total operational cost. Therefore, mechanization of 

harvesting will bring down substantially the cost of production of sugarcane. Although, machines are 

developed and tested indigenously they need perfection to suit to local situation. Sugarcane chopper 

harvester is being used in almost all the mechanized countries. These machines can harvest at an average 

rate of 200 million tonnes per day under favourable condition. In view of cost of machine, they are to be 

maintained and operated by the sugar factories. Besides, the cost effectiveness in harvesting, other 

advantages reported are no stubble shaving, early and uniform sprouting and multiple rationing (Sharma 

et al., 2007). 

   

Manual harvesting Chopper harvester Mechanical harvester 

7. Trash shredding: Mechanical harvesting of sugarcane is introduced in farmer’s field, this practice 

results large amount of cane residue remaining in the field. As an alternate to incorporate the sugarcane 

trash IISR introduced trash shredder. The trash shredder is mounted with the tractor and is operated by 

PTO shaft. The system picks up trash, passes it on to the chopping unit where trash is chopped into small 
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bits which ultimately gets mixed up and buried under the soil with the help of a pair of discs provided at 

the rear end. 

   

Trash shredders 

8. Ratoon management: Ratoon is a method where the lower parts of the plants along with the roots are 

left uncut at the time of harvesting gives sprouting of ratoon. Ratoons play an important role in improving 

overall economics of sugarcane production. A multipurpose machine has been developed which takes care 

of the important cultural operations to be performed for raising a good ratoon crop. The machine takes care 

of: Stubble shaving, off barring or dismantling of ridges, intercultural operation and fertilizer application. 

Proper use of this machine will lead to improved ratoon productivity. 

   

Manual method IISR ratoon management device 

Stubble Shaving Cum Off-Baring 
The residual stubbles of the previous crop cut during stubble shaving to promote ratoon crop growth. 

Stubble shavers are used to shave up the sugarcane stubbles evenly at ground level for better and healthy 

sprouting of ratoon crop. Off-baring is performed to trim the ridges on either side to loosen the soil so that 

the older are pruned up and the formation of new roots is made easier. This is will result in better anchorage 

to crop and reduction of soil compaction (Srivastava, 2010). 

  

Off bearing implement Stubble shavings implement 
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Sugarcane production requires large volumes of water (with an average of 20 mega liters of water/ha). At 

present, 80% of this water requirement is being met through groundwater extraction. India’s Central 

Ground Water Board has estimated that only 162 billion cubic meters (BCM)/yr of groundwater is available 

for future irrigation, out of which around 40 BCM/yr will be available in the sugar-producing states. In 

India, sugarcane is cultivated in approximately 5.0 million ha area, which requires about 100 BCM of 

water/yr. (Srivastava et al., 2011). Hence, there is need to apply water precisely with higher water use 

efficiency to enhance the sugarcane production in the country. 

Average Water Requirement 
Sugarcane being a long duration crop producing huge amount of biomass is grouped under plants 

demanding a high-water requirement. Even though it is drought tolerant crop, mostly grown under 

irrigated condition. Depending upon the agro climatic conditions, soil type, methods of planting, method of 

irrigation, use of manures and fertilizers and yield of sugarcane the water requirement varies.  

The average water requirement for sugarcane crop ranges from 1800 to 2200 mm. Generally, production of 

one ton cane needs about 60-70 tons (0.6 to 0.7 cm) of water, among the canes thin cane varieties needs 150 

cm and thick canes needs 200 cm water. The Adsali planted canes required 200 cm of irrigation water, in 

addition assured showers (75 cm) while, 190-220 cm in tropical regions and 150-200 cm in subtropical 

region. Overall, the crop demands an average water requirement of 1800 to 2200 mm (Dingre and 

Gorantiwar, 2020). 

Critical Stages of Water Requirement 
Germination stage (0-45 days, 300mm): During the initial germination, crop emergence and 

establishment of young seedlings the crop requires less water, hence light and frequent irrigation water 

applications are preferred. The less and over irrigation are detrimental for germination. 

Tillering phase (45-120 days, 550mm): Maximum water demands during tillering stage, optimal water 

supply enhances tillering ability of the plant. At formative phase, about 85% or more of leaf sheath moisture 

has to be maintained. However, excess irrigation is harmful particularly in heavy soils; as it coincides with 

active root development, which may be hampered by creating anaerobic condition. 

Grand Growth phase (120-270 days, 1000mm): One the most critical period for moisture supply because 

the actual cane yield build-up or stalk growth takes place during the period. The production and elongation 

of inter-nodes, leaf production on the stalk and its expansion, girth improvement, ultimately the stalk 

weight takes place. It is also the period for production of sugar storage tissues. Therefore, crop reaches its 

peak water requirement in this stage. An adequate water supply to maintain sheath moisture content of 

84-85 per cent in the leaf sheaths of 3, 4, 5 and 6 from the top. During this period of active growth produces 

longest inter-nodes with more girth (thick cane) and the total cane weight is greater. 

Ripening Phase (270-360 days 650mm): Restricted water supply or mild water deficits (sheath moisture 

content of 74-76 per cent) is necessary to bring the crop to maturity by reducing the rate of vegetative 

growth, dehydrating the cane and forcing the conversion of total sugars to recoverable sucrose. 

Integrated Water Management Strategies 
1. Irrigation during critical crop growth stages based on soil type. 

2. Deep planting. 

3. Increasing irrigation intervals. 

4. Seed treatment – Lime water (80 Kg of lime in 100 liters of water for One hour). 
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5. Trash mulching. 

6. Use of 25 per cent more Potash. 

7. Adoption of pipeline irrigation system. 

8. Alternate furrow irrigation. 

9. Dual row planting (Wide row). 

10. Micro irrigation. 

11. Use of Organic manures. 

12. Spray of  N & K nutrients. 

13. Lime spray. 

14. Intercropping with leguminous crops. 

15. Use of drought tolerant varieties. 

Irrigation Interval in Different Season and Type of Soil 
The soil must have sufficient moisture at the time of planting.  First irrigation should be done when about 

20-25 per cent plant have germinated or about 20 days after planting and the irrigations are given at 10-

15 days interval during summer, 25-30 days interval during winter. In, fine textured soil 10 days in summer 

and 20 days interval in winter, while in coarse to medium textured soil, the interval is 7 days in summer 

and 15 days in winter, respectively. 

Growth Phase Irrigation Interval (days) 

Coarse  

textured soil 

Medium  

textured soil 

Fine textured 

soil 

Germination (0-45 days ) 5-6 6-7 8-10 

Tillering Phase (45-120days ) 6-7 7-10 12-15 

Grand Growth Phase (120-270days) 7 10 12-15 

Ripening Phase (270-360 days) 10 12-15 15-20 

Irrigation Methods 
1. Furrow irrigation: 

a. Furrow irrigation is commonly used and is particularly effective for early plant crop. 

b. Reduced furrow length is ideal to allow better distribution of water over the field. 

c. In later crop growth periods and ratoon crops, the uniform water distribution may become 

increasingly problematic because of deterioration of furrows. 

2. Alternate skip furrow method: In skip-furrow method, sugarcane is planted in flat beds as usual and 

after germination, 45 cm wide and 15 cm deep furrows were made in alternate inter row spaces. Skip furrow 

resulted in 36.5 per cent of saving water and increased the water use efficiency by 64 per cent. The cane 

yield is higher in skip furrow method when compared o furrow method of irrigation. 

3. Drip irrigation: Drip irrigation system water is carried in small pipes usually made of PVC and 

delivered in drops/trickles near the root zone in such a way that only required quantity alone is supplied 

avoiding almost all kinds of losses. Defined as the precise, slow and frequent application of water through 

point or line source emitters on or below the soil surface at a small operating pressure (20-200 kPa) and at 

a low discharge rate (0.6 to 20 LPH), resulting in partial wetting of the soil surface (Narayanamoorthy, 

2005). There are two types of drip irrigation commonly followed in sugarcane. 

a. Surface Drip: The water carrying lateral pipes are placed on the soil surface closed to the plant 

and the emitter fixed at regular intervals and discharge water at required rates. Water gets into the 

soil and wets the root zone to the required depth; the quantity of water could be easily regulated 

there is no wastage of water through percolation and wetting the areas away from the root zone. 

There is only small amount of water loss through evaporation as water trickles above the ground. 

b. Subsurface Drip (SDI): Subsurface dripline placement is the most popular technique used in 

cane. Driplines buried underground are protected from mechanical damage. Depth of placement is 

critical to optimize the potential for drip irrigation. Soil type and topography depicts the depth of 

placement. Light textured soils (sandy, loamy sand and sandy loam) require shallow depth of 

dripline placement so that water is not lost by deep percolation. Medium to heavy textured soils 
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(loamy, silty loam, clay loam & clay) which will wet-up laterally (larger wetted diameter) can have 

deeper placement. 
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Sugarcane,  a  taxa  represented  by  stout,  jointed,  fibrous stalk  of  2-6 m with  sugar  is  a  tall  perennial  

grass  of  the genus Saccharum of  family  Poaceae  (Clark  et  al., 1995). It is  native  to  warm  temperate  

to tropical regions of South Asia and Southeast Asia having humid climate. This C4 plant has a high 

efficiency to store solar energy as well as efficient converter of the same. 

Climate Requirement 
An ideal climate for sugarcane should have two distinct weather conditions viz.: 

1. Growing season which is long and warm with adequate rainfall or irrigation, long hours of bright 

sunshine and higher relative humidity which permit rapid growth to build up adequate yield. 

2. A ripening season of around 2-3 months duration having warm days, clear skies, cool nights and 

relatively a dry weather without any rainfall, for buildup of sugar (Binbol et al., 2006 and Gawander, 2007).  

Sugarcane is a tropical plant. It grows more successfully in those regions where the climate is more or less 

tropical but it can grow in subtropics too as in north India. Sugarcane is grown in the world between 

latitudes of 35° N and 35° S, from sea level to 1000 m or little more. 

Rainfall: A total rainfall between 1100 and 1500 mm is adequate provided the distribution is being 

abundant in the months of vegetative growth followed by a dry period for ripening. It is also grown in the 

area where rainfall is low around 500 mm. Above 1500 mm rainfall would cause lodging of cane.  

Temperature: Optimum cane growth is achieved in temperatures between 24 and 30°C. A temperature 

less than 5°C is harmful even to resistant varieties. Temperature above 38°C reduces the rate of 

photosynthesis and increase respiration. At temperatures above 35°C cane appears wilted irrespective of 

water supply. Temperature below 17 °C would be injurious to the cane and reduce tillers while temperature 

above 38°C would adversely affect the sprouting of buds during germination phase. During the active 

growth period, a minimum mean temperature of 20°C is required. However, cane variety, irrigation and 

cultural practices can modify the influence. Fluctuations in temperature have profound influence on 

sucrose accumulation. A mean day temperature of 12-14°C would be highly desirable for ripening. At high 

temperature reversion of sucrose into fructose and glucose may occur besides enhancement in 

photorespiration thus leading to less accumulation of sugars. (Fageria et al., 2010). 

Ideal temperature:  

Carbon assimilation-30°C 

Sugar synthesis-30°C  

Sugar transport- 30-35°C  

Tillering-33.3-34.4°C  

Root growth- 36°C  

Shoot growth- 33°C  

Relative humidity: High humidity (80-85%) favours rapid cane elongation during grand growth period. 

A moderate value of 45-65 per cent coupled with limited water supply is favourable during the ripening 

phase. Above 40% humidity coupled with warm weather favours vegetative growth of cane (SC, 2012).  

Sunshine: Sugarcane is a sun loving plant. Therefore, greater incident radiation (sunshine) favours higher 

sugarcane and sugar yield. The effect of sunshine is modified by temperature which is altered by latitudinal 

position. About 7-9 hours of bright sunshine is highly useful for both active growth and ripening. Areas 

with short growing period benefit from closer spacing to intercept higher amount of solar radiation and 
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thus get higher yields. But in areas with long growing season wider spacing is better to avoid mutual 

shading and mortality of shoots.  

Frost: 

a. Sever cold weather inhibits bud sprouting in ratoons and arrests cane growth.  

b. At temperature -1°C to 2°C the cane leaves and meristem tissues are killed.  

Wind: High velocity winds exceeding 60 km/hr are harmful to grown up canes leading to lodging and cane 

breakage. Also, leaves get damaged even at early stage. Winds enhance moisture loss from the plants and 

thus aggravate the ill effects of moisture stress. 

Sugarcane Yield and Sugar Recovery in Relation to Climate in the Country 
Sugarcane productivity and juice quality are profoundly influenced by weather parameter during the 

various growth phase of cane. The most favourable conditions for sucrose accumulation were dry condition 

with less rainfall and low humidity and a lower daily mean temperature with cooler nights and great 

sunshine. The latitudes between 15o and 20o north and south, where ideal climatic conditions are met with 

record higher sucrose levels than the other the other latitudinal positions. In Tamil Nadu, the mean 

temperatures throughout the year are more favourable for vegetative growth and thus the yields are the 

highest in the country. The ripening phase has a higher mean temperature, the diurnal temperature 

variations are narrow, the relative humidity is higher and the duration of sunshine is less. These factors 

are not favourable for higher sugar build up. 

 
Effect of climatic factors on sugarcane 

 Air 

Temperature 

Soil 

temperature 

Water 

(rain or 

irrigation) 

Humidity Light and 

Radiation 

Wind Latitude 

and 

Altitude 

Sprouting Optimum 26-

33°C 

Minimum 

18°C 

Optimum 23-

28°C 

Minimum 

19°C 

Initiated by 

water 

 Can sprout 

in the dark 

also 

  

Tillering Assisted by 

cool nights 

Less if soil is 

warm 

Helped by 

sufficient 

moisture in 

the soil 

 Depended 

on light 

 High 

tillering in 

high 

altitudes 

Growth Optimum 26-

33°C 

Poor <20°C 

Optimum 26-

33°C 

Poor <21°C 

Adequate 

moisture 

essential 

Better in 

Humid air 

Radiation 

controls 

growth 

Hindered 

by wind 

Varies 

according to 

season at 

high 

altitudes 

Flowering Warm nights 

helps Halted 

by few nights 

at 18°C 

Maximum in 

warm soils 

Optimum 

in moist 

soils, 

halted by 

drought 

Some 

humidity 

is 

required 

Slowly 

decreasing 

day length 

prompts 

 Interacts 

with 

temperature 
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Ripening Prompted by 

cold nights, 

Optimum < 

15°C 

Best at low 

temperatures 

Prompted 

by lack of 

moisture 

Better in 

very dry 

climate 

 Better in 

windy 

conditions 

Optimum 

1000m and 

0o latitude 

500m at 15-

20° L 0m at 

20-30° L 

Over 

ripening 

Prompted by 

return of hot 

season 

Helped by 

increase in 

temperature 

Prompted 

by water 

being 

available 

after a dry 

period 

 Slow in 

strong 

light 

Frequent 

with 

strong 

winds 

Reduced at 

higher 

latitudes or 

altitudes 

Conclusion 
Sugarcane is grown under diverse agro-climatic conditions in the country. However, to obtain optimum 

yield, the environmental condition should be ideal. It is very difficult to modify the environmental 

conditions under field situation. However, the environmental influence can be modified through tailoring 

the date of planting. In Southern Karnataka, to obtain above said ideal environmental factors for growing 

of sugarcane, the cane should be planted in June-August, October-November and January and February 

months. 
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Introduction 
Soil tillage operations had been carried out during the sugarcane planting to improve soil's physical quality, 

thus providing proper conditions for sugarcane growth. Sugarcane is a long duration crop.  From the same 

field plant as well as ratoon of sugarcane is produced. Thus, the field has to be prepared thoroughly to 

provide best possible soil environment by improving the physical chemical and biological conditions of soil 

to get highest sugarcane yields. 

Sugarcane crop requires well-prepared seedbed for proper growth.  Application of farm yard manure, green 

manure, compost and other organic manure is generally in common practice in most of the sugarcane 

growing farmers. 

Tillage is done to meet the following objectives: 

1. To create suitable environment for infiltration of water, water holding capacity, proper aeration and 

temperate and improvement of structure. 

2. Incorporation of plant residues for adding organic matter of the previous crop in the soil 

3. Control of weeds, suppression of unwanted tillers,  

4. Earthing up the plant to prevent lodging. 

The Following Implements are Used for Tillage for Sugarcane Cultivation 
1. Mould board plough: It is used for deep tillage of land, to help turn over the upper layer of the soil, 

bringing fresh nutrients to the surface, while buying weeds and remains of previous crop. This implement 

is developed by several implement industries all over the country  

2. Bullock drawn disc harrow: It is used in open field workings for the secondary tillage, shattering of 

clods, preparation of soil for sowing. It is a single or double acting double gang type disc harrow suitable 

for secondary tillage. This implement is commercially manufactured and sold by many agricultural 

implement industries in country 

3. Bullock drawn cultivator: It is used for is used for proper cutting and aeration of soil, which makes 

the soil finer for better sowing. The most commonly used cultivator used is three tyne cultivator, which is 

available in fixed beam frame and expandable frame design. These cultivators are very common for inter 

culture purpose. 

4. Ridger: The ridger plough consist of single share and double mould board attachment to a pipe. Ridgers 

are extensively used for sugarcane crops for openings furrows, planting and also earthing up 

5. Tractor mounted reversible MB plough: Reversible mb plough used for seed bed preparation of 

sugarcane fields. Two-way ploughs or reversible mb ploughs have two sets of bottoms. It is used for primary 

tillage operation and does not leave any dead furrow or uneven surface in the field. It works on both left 

and right side and the plough bottom can be reversed with the help of a mechanically or hydraulically 

operated lever.  

6. Tractor operated rotavator: The rotavator or rotary tiller is a tillage tool primarily comprising  of 

blades mounted on flanges, which are attached to a shaft that is driven by the tractor power‐take‐off (PTO) 

shaft. It is an active tillage tool that processes the soil at a speed that is different from the forward travel 

speed of the tractor. This implement is useful where soil pulverization is needed. 

7. Tractor operated cultivator: This implement used for secondary tillage and weeding operations. It 

consists of reversible shovels or sweeps attached to tynes. Tyne may be spring-loaded.  

8. Tractor drawn spiked clod crusher: It is a combination tillage tool used with tractor drawn harrow 

or cultivator it is suitable for breaking and segregation of clods during seedbed preparation. 
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Conclusion 
Soil tillage happens to be one of the important soil preparation activities. Soil tillage practices can 

guarantee a well-prepared soil which will withstand weeds and ensure effective recycling of plant nutrients. 

In addition, proper tillage practices offer a great platform for sowing. Therefore, it is important to give 

much attention on how the farm is prepared. It has a direct impact on the quality and quantity of the final 

yields. For this reason, you need to ensure that your soil is properly tilled. 
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Introduction 
Assam is a state with rich biodiversity hotspots of the world due to its diverse topography, climate and 

agro-ecological conditions (Krishak Bandhu, 2017). Many of the plant species including a considerable 

number of fruits have their origin in the state. There are number of fruits in Assam having vast potentiality. 

Such fruits are unexploited due to lack of awareness about their potentiality. There are various minor fruits 

in Assam which remained in semi-domesticated conditions. Such underutilized fruits have nutritional 

benefit with high protein, vitamin and minerals which helps in alleviating malnutrition (Barua et al., 2019). 

Local people also use this fruit as medicine for curing many diseases. Minor fruits play a significant role in 

providing food security, nutrition, health and income generation to the local people. As minor fruits have 

various benefits, farmers can enhance their income by cultivating it in commercial basis, processing the 

produce, value addition which will increase the market demand. Many of the potential underutilized fruits 

of Assam are Kordoi/Carambola (Avverhoea carambola), Leteku/Burmese grape (Bacearuia sapida), 

Amra/Hog plum (Spondius cythera), Jalphai/Olive (Elacocarpus floribunda), Bael/Stone apple (Aegle 

mermelos), Imli/Tamarind (Tamarindus indica), Jamun/Wild Jamun (Sygium cuminii), Thekera/Garcinia 

spp., Poniol/Govorners plum (Falcourita jangomas) Outenga/Elephant fruit (Delinia indica) and Amlokhi 

(Phyllanthus emblica) etc. 

Underutilized Fruits 
Some of the important underutilized fruits of Assam with their importance are discussed below: 

Bael (Aegle marmelos): Bael is one of the underutilized fruits of assam which is highly nutritious and 

have many medicinal properties like treatment against constipation, diarrhea and dysentery. Pulp of the 

fruit is use for consumption in raw as well as processed to make different value-added products like sharbat, 

squash, jam etc. The squash is highly nutritious and good for constipation. The unripe fruit is useful against 

diarrhea and dysentery. The ripe fruit is diuretic and good for heart and mind. Each 100 gm of the Bael 

pulp contain 61.5 gm of water, 1.80 gm protein, 0.39 gm fats, 1.70 gm minerals, 31.8 gm sugars, 55 mg 

carotene, 0.13 gm thiamine, 1.19 gm riboflavin, 1.1 mg niacin and 8 gm vitamin C (Hazarika et al., 2020). 

Kordoi (Averrhoa carambola): The Carambola or "star fruit" is one of the fruits found in entire North- 

East which is rich in reducing sugar, ascorbic acid and minerals like potassium, calcium, magnesium, 

phosphate and also vitamin A (560 IU/100 gm.) (Krishak Bandhu, 2017). The fruits are used for preparation 

of squash and pickles. The raw fruits are useful against diarrhea. The ripe fruits, juice and squashes are 

good for bleeding piles and jaundice. Also, the root concentrate of Carambola can be used as a cure for 

poisoning; squashed leaves are good against chickenpox, ringworm and scabies. 

Amlokhi (Phyllanthus emblica): Amlokhi also called as Indian gooseberry grows in Assam as wild as 

well as cultivated crops. The fruit is rich in vitamin C (600mg/100g) and have a high value of nutrition. The 

fruits are processed to different value-added product like sauce, candy, dried chips, tablets, jellies, pickles 

etc. Dry amlokhi contain Ascorbic Acid and other constituents. Amlokhi is antiscorbatic, diuretic, 

alternative and antibiotic (Krishak Bandhu, 2017). It is also use for the treatment of chronic dysentery, 

diarrhea, jaundice, dyspepsia, diabetes, cough etc (Deka et al., 2012).  

Amora (Spondius mangifera): Amora act as a blood purifier and effective against bacillary dysentery, 

T.B., scurvy and rickets. The fruit is also rich in vitamins. It is eaten raw as well as good for pickle 

preparation.  
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Leteku (Baccurea sapida): Leteku is a fruit of Assam with round shape and creamy to yellow in colour, 

average weight being 11.9 gms that are found in wild state. The Fruit also contain high antioxidant 

properties (Hazarika et al., 2020). 

Outenga (Dillenia indica): Fruits are rich in protein and Vitamin C. The juice of the fruit mixed with 

water and sugar is excellent as cooling beverage in fever and can be taken as a cough mixture.  

Poniol (Flacourtia jangomos): Poniol is a fruit most commonly found in Assam. The fruit is rich in 

protein (3.65%), antioxidant (217.99 mg/100 gm), Vitamin C (217.99 mg/100 gm) and mineral such as 

Phosphorous (146.80 mg/100 gm), Calcium (175.50 mg/100 gm), Potassium (158.10 mg/100 gm) and Iron 

(118.30 mg/100 gm). The iron content of Poniol is 280 times more than apples and also contains essential 

amino acids. 

Silikha (Terminilia chebula): It is a tall tree, found in wild State with high medicinal value. The fruits 

are green colour when fresh and black & hard after drying. It is good for gastric trouble, indigestion, 

asthma, piles, worm, heart diseases, scabies, jaundice, stone, eye diseases and vomiting etc.  

Jamun (Syzygium cuminii): Jamun is a fruit found in Assam in wild and semi-wild state. It is useful 

against diabetes, heart and liver difficulty. Alkaloid like Jambosin and a glycoside Jambolin that 

diminishes the diastatic transformation of starch to sugars is present in seeds.  

Naga tenga (Myrica esculenta): Naga tenga is one of the important medicinal plants of India belonging 

to Myricaceae family. It is commonly known as box berry or kaphal and Naga tenga in Assam. The plants 

have pharmacological activities like analgesic, anxiolytic, antiallergic, antidiabetic, antimicrobial, 

antihypertensive, antiulcer, antioxidant and anti-inflammatory (Hazarika et al., 2020). 

Table 1. List of some minor fruits of Assam. 

Common name Scientific name 

with family 

Characteristics Yield/ tree Origin and 

Distribution 

Anola  

 

Phyllanththus 

embelica L  

Phyllanthaceae  

The tree is of medium 

size with small leaves 

and fruit matures in 

Jan-Feb.  

1500-  

2000 nos.  

India  

 

Bilimbi/Carambola 

Tree Sorrel  

Averrohoe 

carrmbole L 

Oxilidiaceae  

 

Tree is of big size 

bearing the fruits in 

cluster and ripen fruits 

are yellowish green.  

500 nos.  

 

Indo-China,  

Indo-Genetic 

plain, Assam  

Golap Jamun  

Rose Apple  

Syzgium jambos L 

 (Alstone) Myrtaceae  

Small to medium size 

tree. The skin of fruit is 

thin and waxy. The 

flowers are similar to 

guava and it matures in 

June-July.  

400 nos.  

 

South East Asia  

WB, Assam, 

Bihar, 

Jharkhand, 

Meghalaya  

Anjir  

Fig  

Ficus racemosa L 

Moraceae  

Big tree bearing reddish 

fruit.  

100 kg  

 

Asia minor  

Assam, WB, 

Tripura, 

Meghalaya 

Poniol  

Govornor Plum  

Flaocortia indica 

Merr Flacortia 

jangomas  

Flacortiaceae  

Thorny shrubby hedge  

 

2-3 kg  

 

India  

Assam, West 

Bengal  

Latabel  

Passion Fruit  

Plassiflora edulis 

Sims 

Plassifloraceae  

Vine, fruit is juicy. 

Flowers throughout the 

year and its three 

months crop  

60-80  

fruits/ vine  

Brazil  

W.B., Assam, 

Meghalaya  

Loquat Japanese 

Plum  

 

Eriobotrya japonica 

L Rosaceae  

 

Medium sized ever 

green tree, small round 

50 kg  

 

Central China, 

Japan W.B., 
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shaped yellow fruit and 

matures in early spring. 

States of NE, 

Assam, Tripura  

Jalpai  

Olive  

Elacocarpus 

floribunda  

Elaeocarpaceae  

Medium sized tree. 

Fruit is light green 

drupe having a length of 

2 to 5 cm and 1.5-2.5 cm 

in girth.  

30-40 kg  

 

Madagascar  

WB, Assam, 

Tripura, 

Meghalaya  

Kayeth 

Bael/Kaitha  

Elephant apple  

Feronia limonea L 

Swingle Rutaceae  

 

Big tree, fruits have a 

hard cover and mature 

during Sept-Oct. Inner 

pericarp is eaten.  

1000 nos.  

 

India/ Sri Lanka  

WB, Assam, 

Jharkhand, 

Tripura  

Bael  

Stone apple  

Aegel marmelos L 

Corr. Serr  

Rutaceae  

Big deciduous tree, 

fruits have hard shell 

with numerous hairy 

seeds and are 

encapsulated in a slimy 

mucilage and have 

yellow pulp. 

500 nos.  

 

India  

WB, Odisha, 

Jharkhand, 

Assam, lateritic 

belts of India  

Imli  

Tamarind  

Tamarindus indica 

L Legu-minoseae  

 

Big tree with 20-25 m 

height, fruits are 

elongated and mature in 

Mar-April.  

5-10 quintal  

 

India  

Indo Gangetic 

plains, W.B., 

Assam, Odisha  

Source: An overview of the unexplored underutilized fruit crops of Assam, India 

Need for Conservation 
Assam is one of the hot spots in India containing large number of underutilized fruits having medicinal, 

therapeutic and nutritional properties. Nowadays people are concern about their health and nutritional 

aspect. As a result, the organic harvest of such minor fruits will have high marketing demand due its 

medicinal and nutritional value. However, changing climatic situation, urbanization, depletion of natural 

resources, increasing demand on the limited resources has become major challenges in conservation of 

these resources. To safeguard the existing minor fruits of Assam it is necessary to conserve the indigenous 

fruit plants by exploring the horticultural biodiversity in unexplored areas (Deka et al., 2012). 

Conclusion 
Being the hotspot of large number of potential minor fruits Assam has immense scope for cultivation it in 

commercial basis. However, such fruits are unexplored/ neglected by researchers and policy makers. So, it 

is important to safeguard this indigenous minor fruits of the state. The expansion of area and production 

of such fruits will ensure employment opportunity to local people along with food security, nourishing 

security, wellbeing security, business and financial security. Processing of the produce through value 

addition would increase the market demand thereby enhancing the income of small and marginal farmers. 

This will also help in on-farm conservation of plant germplams. 

References 
1. Anonymous., (2017). Need of conservation of indigenous fruits of Assam and north east India. Krishak Bandhu. 

2. Barua U., Das R.P., Gogoi B. and Baruah S.R., (2019). Underutilized Fruits of Assam for Livelihood and Nutritional Security. 

Agricultural Reviews. 40(3). 

3. Deka B.C., Thirugnanavel A., Patel R.K., Nath A. and Deshmukh N., (2012). Horticultural diversity in northeast India and its 

improvement for value addition. Indian Journal of Genetics and Plant Breeding. 72(2):157-167.  

4. Hazarika B., Bathari M., Upadhyay V., Paul S.K., Basumutary M.U., Thengal P. and Kotoky U., (2020). An overview of the 

unexplored underutilized fruit crops of Assam, India. Journal of Applied and Natural Science. 12(3): 442 - 453. 

  



 

 
Volume 3 - Issue 6 - June 2021       211 | P a g e  
 

Development of High Titer Cellulases 
Article ID: 11074 

Ramachandra Anantapur1, Soumya Ganapati Bhat2 
1Ph.D. Scholar, Plant Biotechnology, Department of Plant Biotechnology, University of Agricultural 

Sciences, Bangalore-560065. 
2M.Sc. Agri. (Plant Biotechnology), Department of Plant Biotechnology, University of Agricultural 

Sciences, Bangalore-560065. 

 

   

Introduction 
Cellulases is extracted from different organism, mainly from fungi, bacteria, and protozoans, even though 

its available in plant and animal (Kim and Kim 2012). Amongst many organisms, fungi and bacteria are 

more important and express functionally diverse multiple isoforms of cell wall degrading enzymes as a 

result of genetic redundancy, differential mRNA processing, or post-translational modification (Badhan et 

al. 2007). Therefore, cellulase industry is focusing mostly on fungi and bacteria.  

Various improvement methods including rational design and directed evolution in complementation with 

techniques like DNA family shuffling and error-prone polymerase chain reaction (PCR) have been 

prominent. 

For example, Wang et al. (2014) have reported the application of random mutagenesis followed by genome 

shuffling to improve the cellulose production of Trichoderma koningii D-64. 

Also, structure- based protein design has been successfully used to increase thermal resistance and modify 

substrate specificity of glucosidases (Lee et al. 2012). The uses of random insertion domain strategies to 

allosterically modify enzymes have also been reported (Ribeiro et al. 2015). 

These allosteric enzymes present spatially distinct locations for regulation and catalysis and offer 

oligomeric states where tertiary and quaternary structural changes are transmitted across protein–protein 

interfaces to facilitate the communication between effector binding and modulation of catalytic activity 

(Ribeiro et al. 2015). The random insertion strategy has been relevant for curbing the hindrance of 

inhibition. 

Cellulase Supplementations 
The biological and non-biological additives are used in supplementation of cellulases for lignocellulose 

saccharification.  

This practice is mainly based on the understanding that the effective degradation of the complex structure 

of lignocellulose requires not only cellulases, but also requires supplementary enzyme blends of ligninases 

(laccases), hemicellulases, and accessory proteins and even chemical additives are also required and used 

to enhance the activity of cellulases. 

Laccases 
Laccases (benzenediol: oxygen oxidoreductase; EC 1.10.3.2) are multi-copper oxidases, capable of catalyzing 

one-electron oxidation of various substrates such as phenolic and non-phenolic subunits of lignin. 

Hemicellulases 
Hemicellulases and cellulases have the common β-1,4-glycosidic bonds in the backbones and share similar 

activities with cellulases because of the hemicellulose component of plant biomass. 

Lytic-Polysaccharide-Mono-Oxygenase (LPMOs) 
LPMOs are copper-dependent enzymes mostly found in saprophytic fungi (e.g., Thermoascus aurantiacus, 

Gloeophyllum trabeum, Lentinus similis, Pichia pastoris, Neurospora crassa) and bacteria (e.g., Bacillus 

amyloliquefaciens, Enterococcus faecalis). 
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Non-Hydrolytic Accessory Proteins 
The expansins and swollenins are common non-hydrolytic proteins known. Expansins are phytoproteins 

which are involved in loosening the plant cell wall and disrupting the cellulose crystal structure. Swollenins 

are expansin derived from fungi and bacteria, e.g., T. reesei, Aspergillus fumigatus, Bacillus subtilis. 

Chemical Additives 
The enzymatic process enhancement cellulases have been achieved by chemical additives in the form of 

metal cofactors or activators, which are in the form of metal ions and chelating agents, yielding significant 

effects on enzymatic activities by assisting in the biochemical transformations.  

Ex.: CaCl2, EDTA, MgCl2, Tween 20, Triton X-100, MnCl2, FeCl2, ZnCl2, CoCl2, and CuCl2. 

Cellulolytic GH Systems 

 

GH Cell Free Systems 
The concept of cell-free enzymes was presented by Buchner in 1897, where he claimed that biological 

processes could be carried out without living cells (Khattak et al. 2014b). Typically, cell-free systems are 

used for cofactor- independent reactions, and often exhibit reaction rate- limited kinetics, resulting from 

the direct access to substrate in solution (Smith et al. 2015). Cell-free enzymes have been exploited both in 

single (Kengen et al. 1993; Kim et al. 2010; Böhmer et al. 2012) and multiple domain systems (Kanafusa-

Shinkai et al. 2013). Several immobilization practices have been reported (Kazenwadel et al. 2015). 

GH Whole Cell Systems 
The whole-cell biocatalyst system was developed to overcome the cost and complexities associated with 

enzyme purification via intracellular and extracellular localization of enzymes. In the former, the 

microorganism provides the most favourable working environment for the enzymes by availing all 

necessary cofactors and regeneration networks; and providing sufficient protection of enzymes from effects 

such as destabilization and degradation, while allowing both the substrate and product to cross the 

membrane barrier. 

Immobilized and Co-Immobilized Systems 
Both cell-free and whole-cell systems, immobilization is widely practiced for restraining the movement of 

enzymes, by direct cross-linking, covalent coupling, entrapment, micro-encapsulation, and tethering onto 

a solid support to improve technical performance, usability, and industrial process economy. Concerns 

regarding thermal instability at elevated temperatures, ineffective substrate utilization, by-product 
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formation, and downstream industrial processing cost of end-product make the conventional immobilized 

system an ineffective approach. 

Cell-Surface Display Systems 
The cell-surface display system is the practice whereby whole cells are empowered to extracellularly 

degrade substrates and internalize resulting products to produce value-added end-products. Regardless of 

the host organism, surface display systems often have three core features in common-  

1. A signal peptide to direct the protein of interest toward the secretory pathway,  

2. An endogenous surface protein pliable to recombination (i.e., insertion, deletion, and fusion) to facilitate 

a stable surface anchorage of the target protein  

3. An epitope tags to facilitate the detection of successful surface display. The amount of cellulase displayed 

is strictly dependent on the cell surface area. 

Cellulosomal Systems 
Cellulosomes can be described as one of nature’s most elegant and elaborate nanomachines (Fontes and 

Gilbert 2010). They are organized multi-enzyme complexes consisting of carbohydrate binding modules 

(CBMs), catalytic domains (CDs), and scaffolding subunits, which selectively integrate different CDs of 

enzymes in close proximity onto their individual unified complexes through a cohesin–dockerin interaction. 

The embedded enzymes work cooperatively and synergistically to ensure efficient depolymerization of the 

cellulose material. 

 

Designer Cellulosomes (Chimeras) 
Designer cellulosomes which are also known as chimeras, whereas cellulosomes are artificial constructs, 

composed of chimeric scaffolding and enzymes with cohesins and dockerins of divergent specificities. They 

provide inter domain flexibility in the enzyme complex while maintaining the original wild-type 

functionality. 

Multifunctional Enzyme Systems 
Multifunctional enzymes comprise the direct surface display of multiple enzymes in a non-complex manner 

which form very high molecular weight proteins of one or several CBMs and two or more CDs for effective 

substrate targeting and efficient degradation of plant cell walls. 

The Auto Display Systems 
The auto-display system is an induced superior advancement of the whole-cell biocatalyst strategy. It 

mostly involves the recombinant surface display of proteins or peptides by means of autotransporter 

proteins in Gram-negative bacteria (Jose et al. 2012).  

The autotransporter proteins—the peptide chains that ‘link’ or hold the passenger protein onto the outer 

membrane of the organism. These are common secretion proteins of most Gram-negative bacteria. 

Synthesized as precursor protein containing all domains needed to transport the passenger (e.g., cellulases, 

proteases, lipases, esterases etc.) to the cell surface. 
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Introduction 
In India farmers are continuously fighting irregular monsoon and unpredictable rainfall, weather 

extremes, interrupted supply chains and increasing inflation. That wasn't sufficient. The lock-downs 

caused by COVID and the locusts attack last year are now complementary to these problems. The pandemic 

has led to instability, export and import bans, loss of revenue and economic insecurity. Due to COVID-19, 

industry worldwide has suffered adversely. The actions taken to attempt to reduce the transmission of the 

virus have interrupted enterprise processes and routines which includes social distancing and global lock-

downs. Since farming is not immune from the difficulties currently being experienced by the global business 

market, some of the aspects COVID-19 affects the agricultural sector have been found. 

Impact on Global Agriculture 
1. Crop production and seed supply: For crop processing, between now and the summer, the greatest 

part of the operation is almost untouched. As such, the supply of seeds will not be affected at this time. 

However, if the same situation persists until the end of the year, seed supply will certainly be a problem. 

2. Shortage of fertilizers: Farmers are confronted with a scarcity of agricultural products such as 

fertilizer and pesticides because of global trade disruption. There is shortage to be expected in a shorter 

time. The supply of fertilizer from foreign markets will become a challenge in the long run since some of 

China's manufacturing plants have been shut down. 

3. Production and delivery of food: Most countries have taken steps to monitor their infection rate, 

such as domestic containment, travel bans and business closure. Farmers are forced to keep out of sale for 

a prolonged period of time, mostly agricultural produce is perishable. This has contributed to both a 

decrease in the quality of food and a rise in manufacturing costs. 

Impact of covid-19 globally 
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4. On employees/workers: In low and middle-income countries; agricultural workers lack adequate 

health and social security programs and little to no savings. In spite of the self-isolation Procedure during 

the COVID-19 pandemic, many informal workers in agriculture have to work for their livelihood. 

5. On animals or livestock: The pandemic severely affected the various agricultural sectors, such as 

livestock and fishery. Out of the restricted access of animal feed and the lack of labour, COVID-19 has had 

a higher effect on livestock farming in India. The travel banned for instance disrupted the supply of poultry 

reproductive stocks. 

6. Impact on demand for food and food security: Due to decreased income and purchasing power the 

market for food impacted.  Consumers store foods that have in turn influenced the supply and price of foods. 

Food insecurity may develop due to declines in international commerce, food supply chain disruption and 

food production 

Impact on Indian Agriculture 
The contribution of agriculture to Indian GDP is approximately 17 percent. Agriculture is the biggest source 

of livelihood in India, with its related industries. The main source of 70 percent of rural households remains 

agriculture. 

1. No procurement with peak harvest: This is the highest point in India of the Rabi sea, and crops such 

as wheat, gram, lentil and mustard were harvested or in almost maturity (including paddy in irrigated 

tract). This is also the season that farm harvests are mandated by designated governments for secured 

procurement operations. But due to the various restrictions like social distancing and token system to sell 

harvest, Indian farmers are facing troubles to sell their produce on time and preparing land for upcoming 

seasonal crop.  

2. Lack of workers due to reverse migration: In certain respects, non-availability of workers has been 

weakened. As a result, migrant work has become scarce and daily incomes for the production of cultivated 

crops have increased sharply. Some farmers, including Paddy and Wheat growers, have luxuries in using 

harvest machinery because sometimes they don't have to rely upon vast amounts of manual labour. They 

are somewhat independent. 

3. Public products shortage: The most important task is to provide customers with food grains, fruits 

and vegetables and other basic goods, in both rural and urban areas. Initially, transportation by rail and 

road to last-mile supply agents of public distribution system (PDS) goods was negatively impacted 

4. Lockdown induced debt and Cash flow restrictions: The main challenge that farmers must 

overcome is the reimbursement of seed loans, gold loans and other informal debts. Crop credits are paid 

back from April to May and a new loan is issued at the commencement of the new season. Failure to do so 

would require them to borrow money from the informal sector for the new season at high interest rates. 

5. Wastage of food: Prior to COVID-19, development of crops in expectation of a peak season may have 

been plentiful. The abrupt dynamic changes such as lock-out and customer loss led to a large number of 

products being destroyed. Fresh products to be sold in warehouses instantly, rotted away because of poor 

demand or limitation in exports. Wastage results in depletion of incomes and profits for companies, which 

due to the continuing pandemic is hard to deny or mitigate. 

6. Price drop: Due to lack of market access, including stopping transportation and closing of borders, 

agricultural prices have plunged. The increased labour costs and the lack of access leads to a massive loss 

of land, and therefore to a stronger method of 'stop-loss,' for crops to rot in fields. 

Indian Govt. Strategies to Tackle COVID-19 Crisis 
The Centre and the State Governments worked harmoniously to resolve the farmers' complaints. Both have 

implemented various projects every day, including subsidies to the farmer’s crop insurance, the free flow 

of farm loans, rural landless/migration unemployment benefits under MANREGA, and so on. The 

government uses each flash to ensure farmers wellbeing by continuously  making farmers aware of the fact 

that they operate on covered-face fields while keeping social distance. The government has exempted farm 

machinery from lockout, to strengthen a zero-hurdle harvest season.  
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The CSIR-based Kisan Sabha App to link farmers to the supply chain and the system of freight transport 

was introduced recently to help farmers while locking. In addition to facilitating the hunt for transport 

vehicles to carry agriculture and horticulture products, Kisan Rath app was introduced.  

In view of the ongoing uncertainties resulting from the pandemic, various States have supported an 

innovative model which allows investors and farmland holders to enter into a contract farming agreement. 

Increase DBT allocations to farmers via PM KISAN and to everyone involved during the lock-in process. 

This contributed to the fact that the losses in March and April were paid partially for most farming families. 

Conclusion 
The pandemic had a major negative impact on the agriculture sector. This pandemic has led to 

unemployment, restriction of exports and imports of goods, lower production rates, revenue depletion, 

waste and potential insecurity in terms of farm strategies. Exploring strategies for responses to any of 

these problems, such as job networks, is one approach to address the present crisis. The dilemma will not 

disappear with the end of the lockdown rather, towards the beginning of the new farming season, it is 

possible that they get exacerbated. Government support in the form of subsidies for other agricultural 

inputs is more necessary. Failure to provide some relief just worsens the farm situation. The hour is 

required to maximize farming opportunities, which have proven their usefulness and durability in difficult 

times. 
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Introduction 
The spices are natural products of plant origin, used primarily for flavoring, seasoning or for adding 

pungency to foods and beverages. These stimulate secretion of digestive juices and have been known for 

many different applications from ancient times, like as medicaments, disinfectants, insect repellents, 

fragrances etc. 

Techniques of Quality Analysis 
Spices and condiments relate to the natural, aromatic plant components or mixture thereof, used for 

flavoring, seasoning and imparting aroma or flavor to the food. Spices intensify salivary flow and the 

secretion amylase. In order to assess the quality of spices we require following techniques, as awareness to 

use quality products is increasing day by day.  

1. Preparation of sample: Grind laboratory sample as quickly as possible in a grinding mill to pass sieve 

with 1 mm diameter aperture. 

2. Determination of extraneous matter and other refractions in whole spices: Separate extraneous 

matter and other refractions by hand. Weigh each fraction and calculate percentage. 

3. Microscopic examination of spices: A water slide is prepared by dissolving finely powdered sample 

with a drop of alcohol and then adding one or two drops of glycerol solution (30% in water) before sliding 

on the cover slip. The water slide is particularly suitable for detecting starch. The presence of starch can 

be confirmed by adding a drop of very dilute solution of iodine which produces the usual dark blue colour. 

4. Determination of moisture: The amount of water is determined by Dean and Stark toluene distillation 

method. 

5. Determination of total ash: In 2 g of the prepared sample pour 2 ml of ethanol and ignite it. When the 

ethanol is burnt off, heat the dish carefully over a small flame to char the material. Then ignite in a muffle 

furnace at 550+250C for 2 hours. Cool, wet the ash, evaporate carefully to dryness and heat in the muffle 

furnace for a further 1 hour. Repeat these operations until the difference in mass between two successive 

weighings is less than 0.001 g. 

6. Determination of ash insoluble in dil. HCL: To the dish containing total ash add 25 ml of dilute HCl 

and boil covering the dish with a watch glass to prevent spattering. Allow to cool and filter the contents of 

the dish through an ash less filter paper (medium fine). Wash the filter paper with hot water until the 

washings are free from HCl as tested by silver nitrate solution, and return it to the dish. Evaporate 

carefully on a water bath and ignite in a muffle furnace at 550+250C for 1 hour. Cool the dish in a desiccator 

and weigh. Repeat the ignition for 1 hr, cooling and weighing till the difference in weight between two 

successive weighing is less than 0.001 g. Note the lowest weight. 

7. Determination of cold-water soluble extract: Weigh about 2 g sample, transfer to a 100 ml 

volumetric flask, add distilled water and make up to mark. Stopper the flask and shake at approx 30 

minutes interval, for 8 hours and allow to stand for 16 hours longer without shaking. Filter the extract 

through a dry filter paper, evaporate a 50 ml aliquot portion to dryness in the dish on the water bath and 

heat in an air oven at 103+20C to constant mass. 
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8. Determination of alcohol soluble extract: Weigh 2 g of test sample and transfer to a 100 ml 

volumetric flask and fill to mark with ethanol. Stopper the flask and shake at approximately 30 minutes 

interval for 4 hours and allow to stand 16 hours longer without shaking. Filter the extract through a dry 

filter paper, evaporate a 50 ml aliquot portion to dryness on a water bath and heat in oven at 103+20C to 

constant mass. 

9. Determination of nonvolatile ether extract: Extract 2 g of ground sample in a Soxhlet apparatus 

with diethyl ether for 18 hours. Remove the ether by distillation followed by blowing with a stream of air 

with the flask on a boiling water bath and dry in an oven at 110+10C till the loss in weight between two 

successive weighings is less than 2 mg. Shake the residue with 2-3 ml of diethyl ether at room temperature, 

allow to settle and decant the ether. Repeat the extraction until no more of the residue dissolves. Dry the 

flask again until the loss in mass between two successive weighing is less than 2 mg. Record the lowest 

weight. 

10. Determination of volatile oil: The determination of volatile oil in a spice is made by distilling the 

spice with water, collecting the distillate in a graduated tube in which the aqueous portion of the distillate 

is automatically separated and returned to the distilling flask, and measuring the volume of the oil. The 

content of volatile oil is expressed as a percentage v/w. 

11. Quality analysis in turmeric: 

a. Determination of curcumin content: Grind and weigh 0.1 g of sample, add 30 ml alcohol and reflux 

for two and half hour. Cool the extract and filter quantitatively into a 100 ml volumetric flask 

Transfer the extracted residue to the filter. Wash thoroughly and dilute to mark with alcohol. 

Pipette 20 ml of the filtered extract into a 250 ml volumetric flask and diluteto volume with alcohol. 

Measure the absorbance of the extract and the standard solution at 425 nm in 1 cm cell against an 

alcohol blank. 

b. Determination of starch content: Starch content is determined by Lane and Eynon Volumetric 

method. 

c. Test for presence of chromate: Ash about 2 g of the ground sample. Dissolve the ash in 4-5 ml of 

dilute sulphuric acid in a test tube and add 1 ml of diphenylcarbazide solution. The development of 

a violet colour indicates the presence of chromate. 

Conclusion 
The relative importance of quality is dependent upon the end use of the vegetables and spices. Earlier the 

quality parameters were appearance, size, shape and presence of extraneous matter. Later, the analytical 

parameters as described above, biochemical constituents and quality attributes like proteins, vitamins, 

minerals etc. were added, which depends upon the variety, agro-climatic conditions existing in the area of 

production, harvest and post-harvest operations. Keeping in view the excellent scope for the value-added 

products; development of entrepreneurs with developed technologies, which are commercially viable and 

infrastructure development and development of human resources are opportunities which can be availed 

by assuring the quality. 
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Abstract 
Ajam Emba is the brainchild of Mrs. Aruna Tirkey, a tribal lady of Jharkhand who has taken the initiative 

in providing identity to the traditional tribal cuisines. Tribal Food and feeding habits form an integral part 

of the tribal culture. It is being replaced by western fast food. Therefore, Ajam Emba is focused on 

popularizing tribal foods. Mrs. Tirkey started her venture in 2016, and in 5 years, Ajam Emba has gained 

name-fame not only in Jharkhand but also at national and international levels. Many foreign tourists visit 

Ajam Emba to enjoy the tribal delicacies served traditionally, allowing them a sneak-peek about the tribal 

lifestyle and feeding habits. They are not only providing tribal foods but are also engaged in providing 

training on indigenous cooking for tribal women. They provide direct and indirect employment 

opportunities to a handful of tribal people, thereby giving them economic independence. During the COVID-

19 lockdown period, they were imparting knowledge about the various plants and their parts that have 

high nutrition and are well-known for boosting immunity power.  

Keywords: Ajam Emba, Tribal, Women, Entrepreneurship, Kanke, Tribal cuisine. 

Ajam Emba 
In our country, tribal people have different but unique characteristic features. Their cultures, tradition, art 

forms, clothing, and food habits are a huge part of their identity as scheduled tribes. Several NGOs and 

public policies were directed towards the upliftment of tribals, which has resulted in their economic and 

social development. These policies basically focused on education, livelihood opportunities, economic 

independence, health issues, handicrafts, etc., thereby lifting the rural economy of tribes. Better 

employment opportunities attracted many rural youths from villages to nearby towns and cities, exposing 

them to various cultures and food habits. Since westernization had already crept into Indian culture, it was 

inevitable to find its influence in the tribal culture and food habits. The general notion about tribal food 

was that it is consumed by tribal people only, but 'Ajam Emba’ breaks all the stereotypes related to tribal 

cuisines.  

Ajam Emba is the first tribal cuisine restaurant that was started in 2016 at Kanke, Jharkhand. Mrs. Aruna 

Tirkey is the proud owner of Ajam Emba, who has pursued management in rural development is 

determined to bring tribal foods into the limelight. This restaurant's name originated from the 'Kudukh’ 

language used by the Oraon tribe, meaning 'luscious food.' This restaurant offers 25 appetizing tribal 

cuisines like being saag (Brahmi/ Centella Asiatica), kudrum ki chatni (Hibiscus cannabinus), muchri saag 

(Enhydra fluctuations), phutkal jhor (Ficus geniculata), laal bhaji (Amaranthus Viridis), chakod saag 

(Cassia tora), kattai saag (Vangueria Spinosa), etc. Ajam Emba was established for serving people flavorful 

and healthy tribal food and popularizing indigenous tribal cuisines. It is an age-old tradition of washing 

guests' hands before serving them food, which is practiced in Ajam Emba, emphasizing the roots of our 

tribal culture. The bronze utensils (Kasa bartan) are used to do so, i.e., a bronze plate and bronze pot, as 

bronze is considered auspicious, and this act is a sign of heartfelt welcome in tribal culture. The dishes are 

served in the traditional earthen pots and pattals (plates and bowls) made out of sakhua leaves, which are 

eco-friendly in nature and represent the village culture of Jharkhand.  

While working in different states of the country, Mrs. Aruna Tirkey came across restaurants that served 

traditional cuisines of their respective states, but neither did Jharkhand’s cuisine had any identity, nor 
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any restaurants served them till then. In 2016, the Welfare Department of Jharkhand organized a tribal 

cuisine cooking competition during the celebration of world indigenous day, wherein she participated and 

secured 1st prize. This winning served as a turning point in her life; thereafter, she came up with the idea 

of starting her own restaurant for popularizing the tribal cuisines of Jharkhand. So, she left her job and 

focused on opportunities to revive the long-lost recipes. During the initial days of a startup, she provided 

tribal foods, tiffin service, and place stalls at Jharkhand mela, wherein her Ajam Emba received huge 

recognition. In 2017, when Suresh Mahto, the then Deputy Chief Minister of Jharkhand, organized an 

honorary ceremony for the family members of martyrs of India’s freedom struggle, Ajam Emba received an 

opportunity to serve traditional tribal foods for 300 people. This provided a platform for Ajam Emba to take 

off, and people started recognizing tribal cuisines and Ajam Emba.  

The traditional tribal food is rich in nutrition, possesses medicinal properties, and their feeding habits are 

very healthy in nature. This has been proved by the study conducted by Ghosh-Jerath et al. (2015) in the 

oraon tribal communities of Jharkhand, wherein they studied more than 130 varieties of indigenous foods. 

They were rich sources of micronutrients (calcium, iron, vitamin A, and folic acid), while some were 

reported to have medicinal properties. People are feasting on fast foods, junk foods that are not healthy at 

all. Whereas tribal cuisines fall under the category of slow foods rich in nutritive contents, added health 

benefits, which, if popularized, can help overcome many health issues that emerged due to our modern 

lifestyle. Therefore, Mrs. Aruna Tirkey utilized her knowledge and skills and came up with this innovative 

idea of opening a restaurant to attract the interests of tribal and non-tribal people. The younger generation 

of the tribal population has very little knowledge about their traditional food-items, so Ajam Emba is acting 

as a bridge between the traditional and modern food habits. For example, Ajam Emba serves ‘madua 

momos', i.e., momos made out of madua (ragi) with the same filling used for normal momos, chaur chai i.e., 

chai out of rice. 

Mrs. Aruna Tirkey has taken utmost care and effort in decorating every corner of the restaurant giving it 

a homely tribal ambiance. One could even find thatched rooms for private dining, bamboo decorations, and 

murals of village culture practiced in Jharkhand. The rare laal bhaat/ red rice cultivated in Jharkhand is 

also served in this restaurant and desi non-vegetarian side dishes. They are serving traditional tribal foods 

and innovating new recipes, keeping the tribal palate intact. The idea behind coming up with this 

restaurant is not just serving the tribal people but also for popularizing within the non-tribal mass. The 

highlights of the menu of Ajam Emba are madua momo, maad jhor, phutkal chatni, madua khassi, and 

desi chicken. Ajam Emba uses traditional food preparation methods, like dhekki, earthen utensils, bronze 

utensils, silot lorha, okhli, earthen chulha, chakki.  Ajam Emba is not just a tribal cuisine restaurant. It 

also offers cookery training to tribal women. The ingredients used for cuisine preparation are procured 

directly from the rural tribal farmers. Therefore, Ajam Emba is providing direct and indirect employment 

to a lot of tribal populations, leading to their economic development. Altogether, 10 tribal people are 

employed in the restaurant, while Ajam Emba also strengthened the backward linkages as the raw 

materials are directly procured from the tribal growers/collectors. 
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Ajam Emba is shouldering the responsibility of re-instating the long-lost flavors of tribal cuisine, Mrs. 

Aruna Tirkey does a remarkable job. During the COVID-19 lockdown period, Ajam Emba provided 

knowledge along with photographs about the locally available plants and their parts thereof, which could 

help gain immunity and were rich in nutritive content. These could help in fighting off malnutrition and 

boosting up the immunity of not just the tribal community but of all the people. 
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Introduction 
The Five-Year Plans were laid to rest by the Narendra Modi-led NDA government in 2015. Hence, the 12th 

five-year plan is considered the last five-year plan of India. The decades-old Five-Year Plans was replaced 

by a three-year action plan, which will be part of a seven-year strategy paper and a 15-year vision 

document. The Niti Aayog has replaced the Planning Commission in the Modi Cabinet and launched three-

year action plans from April 1, 2017. 

1. First Five Year Plan: 

a. It was launched for the duration of 1951 to 1956, under the leadership of Jawaharlal Nehru 

b. It was based on the Harrod-Domar model with a few modifications 

c. Its main focus was on the agricultural development of the country. 

d. This plan was successful and achieved a growth rate of 3.6% (more than its target of 2.1%).  

e. At the end of this plan, five IITs were set up in the country.  

2. Second Five Year Plan: 

a. It was made for the duration of 1956 to 1961, under the leadership of Jawaharlal Nehru.  

b. It was based on the P.C. Mahalanobis Model made in the year 1953.  

c. Its main focus was on the industrial development of the country. 

d. This plan lags behind its target growth rate of 4.5% and achieved a growth rate of 4.27%.  

e. However, this plan was criticized by many experts and as a result, India faced a payment crisis 

in the year 1957. 

3. Third Five Year Plan: 

a. It was made for the duration of 1961 to 1966, under the leadership of Jawaharlal Nehru.  

b. This plan is also called ‘Gadgil Yojna’, after the Deputy Chairman of Planning Commission D.R. 

Gadgil. 

c. The main target of this plan was to make the economy independent. The stress was laid on 

agriculture and the improvement in the production of wheat.  

d. During the execution of this plan, India was engaged in two wars: (1) the Sino-India war of 1962 

and (2) the Indo-Pakistani war of 1965. These wars exposed the weakness in our economy and 

shifted the focus to the defence industry, the Indian Army, and the stabilization of the price (India 

witnessed inflation).  

e. The plan was a flop due to wars and drought. The target growth was 5.6% while the achieved 

growth was 2.4% 

4. Plan Holidays: 

a.  Due to the failure of the previous plan, the government announced three annual plans called 

Plan Holidays from 1966 to 1969. 

b. The main reason behind the plan holidays was the Indo-Pakistani war and the Sino-India war, 

leading to the failure of the third Five Year Plan. 

c. During this plan, annual plans were made and equal priority was given to agriculture its allied 

sectors and the industry sector. 

d. In a bid to increase the exports in the country, the government declared devaluation of the rupee. 

5. Fourth Five Year Plan: 

a. Its duration was from 1969 to 1974, under the leadership of Indira Gandhi.  

b. There were two main objectives of this plan i.e. growth with stability and progressive achievement 

of self-reliance. 
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c. During this time, 14 major Indian banks were nationalized and the Green Revolution was started. 

Indo-Pakistani War of 1971 and the Bangladesh Liberation War took place.  

d.  Implementation of Family Planning Programmes was amongst major targets of the Plan 

e. This plan failed and could achieve a growth rate of 3.3% only against the target of 5.7%. 

6. Fifth Five Year Plan: 

a. Its duration was 1974 to 1978. 

b. This plan focussed on Garibi Hatao, employment, justice, agricultural production and defence. 

c. The Electricity Supply Act was amended in 1975, a Twenty-point program was launched in 1975, 

the Minimum Needs Programme (MNP) and the Indian National Highway System was introduced.  

d. Overall this plan was successful which achieved a growth of 4.8% against the target of 4.4%. 

e. This plan was terminated in 1978 by the newly elected Moraji Desai government.  

7. Rolling Plan: 

a. After the termination of the fifth Five Year Plan,  the Rolling Plan came into effect from 1978 to 

1990.  

b. In 1980, Congress rejected the Rolling Plan and a new sixth Five Year Plan was introduced.  

c. Three plans were introduced under the Rolling plan: (1) For the budget of the present year (2) this 

plan was for a fixed number of years-- 3,4 or 5 (3) Perspective plan for long terms-- 10, 15 or 20 

years.  

d. The plan has several advantages as the targets could be mended and projects, allocations, etc. 

were variable to the country's economy. This means that if the targets can be amended each year, it 

would be difficult to achieve the targets and will result in destabilization in the Indian economy.  

8. Sixth Five Year Plan: 

a. Its duration was from 1980 to 1985, under the leadership of Indira Gandhi.  

b. The basic objective of this plan was economic liberalization by eradicating poverty and achieving 

technological self-reliance. 

c. It was based on investment Yojna, infrastructural changing, and trend to the growth model. 

d. Its growth target was 5.2% but it achieved a 5.7% growth. 

9. Seventh Five Year Plan: 

a. Its duration was from 1985 to 1990, under the leadership of Rajiv Gandhi.  

b. The objectives of this plan include the establishment of a self-sufficient economy, opportunities 

for productive employment, and up-gradation of technology. 

c. The Plan aimed at accelerating food grain production, increasing employment opportunities & 

raising productivity with a focus on ‘food, work & productivity 

d. For the first time, the private sector got priority over the public sector. 

e. Its growth target was 5.0% but it achieved 6.01%. 

10. Annual Plans: 

a. Eighth Five Year Plan could not take place due to the volatile political situation at the centre. 

b. Two annual programmes were formed for the year 1990-91& 1991-92. 

11.  Eighth Five Year Plan: 

a. Its duration was from 1992 to 1997, under the leadership of P.V. Narasimha Rao.  

b. In this plan, the top priority was given to the development of human resources i.e. employment, 

education, and public health. 

c. During this plan, Narasimha Rao Govt. launched the New Economic Policy of India. 

d. Some of the main economic outcomes during the eighth plan period were rapid economic growth 

(highest annual growth rate so far – 6.8 %), high growth of agriculture and allied sector, and 

manufacturing sector, growth in exports and imports, improvement in trade and current account 

deficit. A high growth rate was achieved even though the share of the public sector in total 

investment had declined considerably to about 34 % 

e. This plan was successful and got an annual growth rate of 6.8% against the target of 5.6%. 

12. Ninth Five Year Plan: 

a. Its duration was from 1997 to 2002, under the leadership of Atal Bihari Vajpayee.  

b. The main focus of this plan was “Growth with Social Justice and Equality”. 



 

 
Volume 3 - Issue 6 - June 2021       225 | P a g e  
 

c. It was launched in the 50th year of independence of India. 

d. This plan failed to achieve the growth target of 6.5% and achieved a growth rate of 5.6%. 

13. Tenth Five Year Plan: 

a. Its duration was from 2002 to 2007, under the leadership of Atal Bihari Vajpayee and Manmohan 

Singh.  

b. This plan aimed to double the Per Capita Income of India in the next 10 years. 

c. It also aimed to reduce the poverty ratio to 15% by 2012. 

d.  Its growth target was 8.0% but it achieved only 7.6%. 

14. Eleventh Five Year Plan: 

a. Its duration was from 2007 to 2012, under the leadership of Manmohan Singh.  

b. It was prepared by the C. Rangarajan. 

c. Its main theme was “rapid and more inclusive growth”. 

d. It achieved a growth rate of 8% against a target of 9% growth. 

15.  Twelfth Five Year Plan: 

a. Its duration is from 2012 to 2017, under the leadership of Manmohan Singh.  

b. Its main theme is “Faster, More Inclusive and Sustainable Growth”. 

c. Its growth rate target was 8%. 

References 
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Soybean is the miracle and winder pulse crop which has dual advantage of protein and oil. Soybean has 

approximately 20% protein and 40% oil. Owing to these nutritional and industrial benefits it has become a 

promising pulse crop and commercially cultivated in almost in all Indian states excepting Tamil Nadu and 

Kerala. The total soybean area and productivity are 11.40 million hectares and s 364.40 million tonnes 

respectively. Soybean caters the needs of many industries like poultry, value added food processing, oil, 

cattle feed, manures etc. The productivity is challenged by biotic and abiotic stresses. Biotic stresses include 

anthracnose blight, root rot, wilt, and pod blight while major abiotic stresses include drought and salinity. 

These stresses certainly reduce the soybean yield and quality. To sustain the productivity under challenged 

environments it is vital to breed varieties suited for specific environments. For such crop improvement 

programs, utilization of wild/exotic/indigenous germplasm offer scope for variability generation.  With a 

view to support the Nation’s drive for a sustained soybean production, Tamil Nadu Agricultural University 

(TNAU) operated an exclusive research project CPBG/CBE/PBG/SOY/2016/001: Evolution of soybean 

varieties suited for diverse cropping conditions. The project aimed (1) to collect, characterize and evaluate 

soybean germplasm and (2) utilize such germplasm for evolution of newer varieties suited for varied 

environments. The deliverables of the project are commendable. With a view to sensitize the soybean 

scientists about the promising genotypes evolved from the project this small write up is prepared. TNAU 

is maintaining a total of 400 germplsam which comprised of diverse genotypes. A core set comprising of 50 

germplasm has been developed and the scheme of development is furnished in the figure 1 and the 

identified stable germplsam lines with special characters are furnished in the table 1. 

 
Figure 1. Steps followed in core set formulation 

Genotypes Nutritional characters Anti nutritional characters 

IC 16009  High- N (6.55 g/kg) ,P (755),  Mn (0.45) 

Moderate- Ca, K, Fe & Zn.  

High protein (40.95%), medium oil (18.45%). 

Low tannin (0.71 mg/100 g)  

JS 98-21  High - Ca, Mg & Mn  High phytic acid and tannin  

EC 39498  High -  P&K  Low tannin and moderate phytic acid  
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EC 62376  High - N, K, Ca, Mg, Mn, Na    Moderate tannin and phytic acid 

RSC 14  Moderate – N, Fe, Zn.  Low tannin and high phytic acid  

EC 39536  High – N (6.6 g/kg), P (915), K (3026), Cu 

(0.35), Na (5.13), High protein  (41.27% and oil 

(21.09) 

Moderate tannin and phytic acid  

Table 1. The identified soybean germplasm lines for special traits 

These germplasm lines after stability assessment were utilized for hybridization during 2016 (12 crosses) 

and 2017 (8 crosses) for generating variability for yield, seed size, adoptability, quality and stress tolerance. 

The offspring were promising and few segregants were selected and advanced to further breeding cycles. 

The promising genotypes are CSB 13125, CSB 13018, CSB 13026, CSB 13035 and CSB 13052, CSB 12045 

and CSB 12061, CSB 11048 and CSB 11095. Therefore, it is proved that the concept of core set is well 

working in soybean and the segregants derived from such germplasm lines are promising. 
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Chickpea is the major rabi legume in India. It is cultivated in black loose soil after completion of north east 

monsoon as a pure rainfed crop. Two types of chickpea desi and Kabuli are cultivated. The main yield 

limiting factors in chickpea are timely onset of dew, terminal drought, root rot, wilt, blight and pod borer 

complex. The chickpea variety CO4 is mainly cultivated in the rainfed tracts of Tamil Nadu. Though the 

variety is promising it cannot be considered for inclusion in the seed chain because it has crossed more 

than 20 years of commercial cultivation. Research attempt was made in Tamil Nadu Agricultural 

University thorough the research project CPBG/CBE/PBG/11/10: Evaluation of germplasm and AICRP on 

chickpea trails of bold (kabuli/desi) varieties to evolve genotypes superior than CO4.  The objectives of the 

project are (1) evaluation of all India coordinated chickpea trails, (2) to evolve a high yielding desi/kabuli 

chickpea, (3) maintenance of germplasm. In the project, a total of 128 germplasm lines were collected, 

characterized, and deposited in Dr. Ramaia Gene Bank of TNAU for future utilization. In house 

hybridizations were attempted between the selected germplasm lines. Memorandum of Understanding 

were signed with International Institutes like ICRISAT and ICARDA to participate in the collaborative 

research projects and obtaining segregating pre-breeding materials for selection. From the segregating 

materials received from ICRISAT eight elite cultures viz., ICCV 14110 (ICVT Desi), ICCV 14111 (ICVT 

Desi), ICCV 14118 (ICVT Desi), ICCV 14105 (ICVT Desi), ICCV 14101 (ICVT Desi), ICCV 14316 (ICVT 

KLS), ICCV (ICVT KLS), and ICCV 14503 (ICVT KELS) were selected and multiplied for further 

exploitation. A MoU was signed with ICARDA to receive the drought tolerant lines for selection and 

generation of pre-breeding materials. As a part of collaborative research work, seeds of wild Cicer species 

Cicer judaicum (IL WC 256, IG 13582), C. pinnatifolium (ILWC 23, 263, IC 135444 & IC 136820) and C. 

yamashitae (ILWC 214) which are pod borer and drought tolerant were obtained from NBPGR, New Delhi 

and utilized for in house hybridization programs. The seed set percentage was less than 8%. The promising 

genotypes evolved through mentioned MoUs were included in the evaluation trials and they offer ray of 

success. 
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Green manuring crop is incorporated into the soil while they are at green stages or soon after starting 

flowering for improving soil-health and conserving moisture in situ because organic matter in the soil is 

recognized as one of the most valuable indicator and constituents for realizing fertility status of soil. The 

role of N-fixing plants in the cropping systems diminished in 1940s, when relatively inexpensive and 

abundant fertilizer became available. 

The growing of legume crop to be worked into soil is an old agricultural practice that is increasing in 

popularity again. Further, soil N is highly associated with organic matter content and decaying of it 

influenced the availability of nutrients in the soil. For these reasons, it has seemed to discuss amount of 

organic matter in soil, its source and influences, which operates for its increasing as well as part of it plays 

an important role in the soil. Soil organic carbon improves physical, chemical and biological properties of 

soil. In hills areas, perennial water sources are available, where these green manuring species can be grown 

successfully for improving soils health for jhum land, where organic matter, NPK and other micro-nutrient 

contents are deficit in this region. 

While introducing this practise among the hill’s farmers, main question that wills be raised is ‘How and 

from where it is possible to bring required huge quantity of biomass as green manure’. Green manure crop 

becomes ready for incorporation into soil between 45 and 50 days after sowing and help in improving 

production and productivity of subsequent crops. Actually, this period will be a good investment for next 

two seasons of crop. In older days, biomass was generated as ‘offfarm’ and ‘on-farm’. Similar concept was 

tested under lowland condition for in situ biomass generation for fertility management of soil and to reduce 

dependence on external inputs like fertilizer. The green manures species like Tephrossia candida, 

Crotalaria juncea, Indigofera tincitoria, Flemengia macrophylla and Cajanus cajan were grown on 

alternate raised bunds in the paddy field. A good amount of biomass was produced to supplement the 

nutrient requirement for these crops. Hence, it is a viable alternative option to maintain the jhum land 

productivity and sustainability in longer perspectives. 

Off-Farm Green Manure 
As an off-farm, foliages of shrub and herb type of weeds that grow along roadside, riverside and lake bunds 

were harvested and brought for ex-situ incorporation into the soil. The commonly used weeds are Pongamia 

pinnata, Cassia auriculata, Calotropis gigantea, Ipomoea spp., Vitex negundo, and Eichornea spp. 

On-Farm Green Manure 
These are of 3 types of on-farm green manure, as discussed here.  

1. Tree green manure: Biomass at farm can be generated from legume or non-legume trees that are 

grown along the boundaries of the farm and along the main bunds of the fields at 15 to 20 feet (4.5 to 6 m) 

intervals. While preparing the main fields for the next crop, foliage from this tree will be lopped and 

chopped into small pieces and then incorporated by hoeing in garden lands and by puddling in the wet 

lands. The trees that can be grown for this purpose are Azadiracta indica, Pongamia pinnata, Glyricidia 

spp., Thespesia populnea and Senna siamea.  

2. Live fence and hedge rows: Some shrub species can be grown along the fence as livefence or as hedge 

rows along pathways and waste patches. These life fences and hedge rows can be trimmed off whenever 

needed and used as a souce of organic manures. The suitable shrubs are: Vitex negundo, Nerium vitifolia, 

Adhatoda vasica, Datura stramonium, Artimesianilagirica. The non-legume supplies a large amount of 

energy (carbohydrate) material readily, but the bacteria responsible for the decay of this material must 

have access to N. If the N carried in the green manure crop is not sufficient (C: N > 30:1 or < 1.5 %), bacteria 

will draw on available N and newly grown crop will show N deficiency symptom for some time. 
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3. Legume green manuring: Greenmanuring is a management tool as worth considering. Role of 

nitrogen- fixing plants in cropping systems diminished in 1940s, when relatively inexpensive and abundant 

N- fertilizer became available. Addition of organic material improves soil tilth also. At the same time, the 

nutrients used in the plant growth are conserved and returned to soil to enhance fertility levels. Almost 

any crop can be used for green manuring, but legumes are preferred because of their ability to fix N from 

the air. Green manuring with legumes (Sesbania, cowpea, greengram, lentils, cluster bean) is called legume 

green manuring. However, the growing of legume crop as dual purposes to be worked into the soil is an old 

agricultural practice that is increasing in popularity again. Hence, it is a viable alternative to conventional 

lean period fallowing and can reduce amount of nitrogen (N) fertilizer required. This crop has to be turned 

under the soil before plants set seed. It is stated that legume green manuring could be profitably used on 

lands where it was not possible to add animal manures. 

Characteristics of Legume Green Manure Crops 
The characteristics are: short duration, fast growing, high nutrient accumulation ability, produces 

abundant and succulent shoots (foliages), well adapted to local conditions, have a high rate of nitrogen-

fixation, have high water use efficiency when used in drier regions, wide ecological adaptability, early onset 

of biological nitrogen fixation, timely release of nutrients, photoperiod insensitivity, high seed production 

and seed viability, ease in incorporation and ability to cross inoculate or responsive to inoculation, pest and 

disease resistant. 

Significance of Green Manuring 
Mixed-farming is practised in jhum land where wide varieties of crops are grown in a single season. In 

intercropping two or more crops are grown at a given time. In the arecanut plantation, tuber crop i.e., 

elephant yam, colocasia, turmeric and sweet potato are practised. Banana and pineapple are cultivated as 

intercrops in arecanut gardens. The practice of growing different crops of varying height, rooting pattern 

and duration is called multi-tier cropping/multi-storied croppings system and mostly prevalent with 

coconut and arecanut. Renovation crops and pastures are those which are returned to the soil with the key 

aims of improving the soil fertility, reducing weed burdens and increasing the soil organic matter. Crops 

may be returned to the soil by burial and mulching and act as the cover crops. 

Advantages 
A fundamental goal of growing green manure crop is to avoid the bare soil between cash crop plantings. 

This not only protects soil but captures sunlight and produces biomass which ultimately enhances soil 

quality. Numerous side benefits accrue from this approach as well such as improved applicability of fields 

and reduced compaction, enhanced aesthetics and potential for animal feed production. 

Potential benefits of green manure crops are numerous: reducing impact of wind and water passing over 

the soil surface can reduce erosion, adding organic matter, improves physical, chemical and biological 

properties of the soil, competing for light, water and nutrients with weeds, legume cover crops add ‘free’ 

symbiotically fixed nitrogen (N), crops growing late in the season can capture and ‘recycle’ soluble nutrients, 

providing cropping system diversity may create habitats for beneficial insects. reducing nutrients leaching 

losses, providing supplementary animal forage, promotes habitat for natural enemies, serves as a good food 

for the earthworms, increases soil’s biodiversity of beneficial microbes by stimulating their growth, 

increases the water-holding capacity of the soil, increases the nutrient holding capacity of the soil, high 

rate of production of leaf biomass, dense network of root system, high rate of nitrogen-fixation ability, 

sturdy in nature and thrive well in adverse situation, tolerant to moisture stress and diseases and pest 

incidences, high and balanced nutrient content in the foliage, litter of high quality having high nitrogen, 

low in lignin and polyphenols, rapid litter decay, when nutrient release is desired, absence of toxic 

substances in the litter or root residues, capable to grow on soils having low fertility, low invasiveness in 

nature. 

Disadvantages 
The disadvantages are: direct cost of seed and extra cultivation, Some time is lost opportunities for cash 

cropping, and extra work at busy times of the year. 
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Summary 
In north-eastern hills region people do not apply chemical fertilizers because of believe that chemical 

fertilizers are very hazardous to the ecosystem. However, the hilly area soils are not only hungry but thirsty 

also and this problem is seriously associated with jhum lands. Where organic matter, nutrients and 

microbial biota is lost due to burning of forests, which leads to heating of the soil. The problem can be 

mitigated to a great extent by growing green-manuring crops, which will improve the organic matter and 

micronutrients status of the soil in longer perspectives for sustainable agricultural crop production. 
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Introduction 
Plant tissue culture denotes in vitro cultivation of plant cells or tissues in an unorganized mass such as 

callus culture. Plant tissue culture techniques in combination with recombinant DNA technology are the 

necessary requirements for the development of transgenic plants. Totipotency may be defined as ‘the ability 

of a single differentiated mature cell to develop into a complete plant’. In 1902, Haberlandt was the first to 

culture fully differentiated cells isolated from leaves of several plant species. Plant tissue culture and 

molecular biology combined for the production of improved crop varieties, production of disease-free plants 

(virus), genetic transformation, production of secondary metabolites and production of varieties tolerant to 

salinity, drought and heat stresses. 

Techniques of Tissue Culture 
1. Meristem culture. 

2. Embryo Rescue.  

3. Somatic Hybridization. 

4. Cryopreservation. 

5. Haploid and Double Haploid. 

Meristem Culture 
Meristem culture is the in vitro culture of a generally shiny special dome-like structure measuring less 

than 0.1 mm in length and only one or two pairs of the youngest leaf primordial and excised from the shoot 

apex. Meristem Culture was useful for virus eradication, micro-propagation and storage of genetic 

resources. 

Embryo Rescue 
The term “embryo rescue” refers to a number of in vitro techniques whose purpose is to promote the 

development of an immature or weak embryo into a viable plant. The embryos were extracted from 

immature fruit and cultured on artificial nutrient medium. It is utilized to obtain seed from 

interspecific/wide hybridization and is done to overcome certain barriers to fertilization. 

Somatic Hybridization 
Development of hybrid plants through the fusion of somatic protoplast of two different plant species 

varieties is called “somatic hybridization. In somatic hybridization techniques isolation of protoplast, fusion 

of protoplast of desired species/varieties, identification and selection of somatic hybrid cells, regeneration 

of hybrid plants. Isolation of protoplast is done by mechanical and enzymatic method. In mechanical 

method, the cutting of cell wall with knife and used for the vacuolated cells like onion bulb scale, radish 

etc. In enzymatic method enzyme e.g., cellulase, pectinase is used. Protoplast fusion is done through 

spontaneous and induced fusion. Spontaneous fusion is classified into two types intraspecific and 

intergeneric. Intraspecific produce homokaryon. Induced fusion is classified into chemofusion, mechanical 

fusion and electrofusion. In chemo fusion polyethylene glycol and polyvinyl alcohol is used. In mechanical 

fusion micromanipulator is used. In electro fusion electric stimulation is used. 

Cryopreservation 
Cryopreservation plays a vital role in the long-term in vitro conservation of essential biological material 

and genetic resources. Storage of living tissues at ultra-low temperatures in liquid nitrogen at -196°C. Used 
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for propagated species (root and tubers, ornamental, fruit trees), Recalcitrant seed species(coconut, coffee). 

Putting the sample in a warm water bath (35-45°C) to avoid thawing. Thawed cells must be washed of cryo- 

protectants and nursed back to normal. 

Haploids and Doubled Haploids 
Haploid: Haploids produced from diploid species (2n=2x), known as monoploids which contain only one set 

of chromosomes in the sporophytic phase (2n=x). They are smaller and exhibit lower plant vigor and are 

sterile due to the inability of their chromosomes to pair during meiosis.  

Double Haploid: Double haploid (DH) produced from chromosome doubling of haploids. DHs can be 

produced via in vivo and in vitro systems. Haploid plants that underwent spontaneous or induced 

chromosome doubling. The haploid embryos rescued, cultured and chromosome doubling (using colchicine) 

for production of doubled haploid. 

Conclusion 
Tissue culture techniques have a variety of application in agriculture, especially horticulture. Tissue 

culture is a very fast technique and thousands of plantlets can be produced in a few weeks’ time from a 

small amount of plant tissue and plants can be grow round the year. This technique helps in maintaining 

and establishing virus free stock. So, we have to understand that this technique is important for 

transforming plants with new genes. 
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Introduction 
The term heterosis was coined by Shull in 1912. It is a quantitative measure of the superiority of a hybrid 

over its parents. It has been widely used in crop breeding programs for the identification of genetically 

divergent populations as base for the development of parent lines to be used in hybrid crosses. Heterosis is 

the hybrid vigor manifested in hybrids and represents the superiority in performance of hybrid individuals 

compared with their parents. Hybrid vigor in crops is manifested in the offspring of inbred lines with high 

Specific Combining Ability (SCA). Heterosis was first applied by the purposed hybridization of complex 

hybrid mixtures made by farmers in the 1800s. However, public scientists E.M. East and G.H. Shull 

developed the concept of hybrid vigor or heterosis in maize independently in the early 1900s. It was realized 

that genetic divergence of parental crosses was important for hybrid vigor expression in cereal crops. 

Genetic Models of Heterosis 
Heterosis can be controlled by multiple linked or unlinked genes, represented by ʻAʼ, ʻBʼ, etc. These types 

of genes are described by dominance, over-dominance and pseudo-over dominance genetic model of 

heterosis. 

1. Dominance: This model proposes that independent sets of slightly deleterious alleles by ʻaʼ in parent 1 

(P1) and ʻbʼ in P2 accumulate throughout the genome during inbreeding of parental lines (inbreeding 

depression). Hybridization causes complementation in F1 progeny by the superior alleles ʻAʼ in P2 and ʻBʼ 

in P1, resulting in phenotypic superiority over both parents. Dominance is most easily conceptualized in 

the context of monogenic recessive mutations that affect plant fertility. For example, heterosis can be 

artificially created by crossing two genotypes carrying mutations in different genes affecting fertility. 

Reciprocal complementation following hybridization fully restores fertility leading to superiority over the 

two parents. 

2. Over-dominance: This model proposes that allelic interactions at a single heterozygous locus result in 

a synergistic effect on vigor that surpasses both homozygous parents. In the example shown, P1 contributes 

allele ʻB* and P2 allele ʻBʼ, with no assumption of a dominant-recessive relationship. The F1 hybrid carries 

both alleles, which function together to promote greater vigor. Although, evidence for over dominance is 

debated, examples of over-dominance genes are known. Plants heterozygous show greater fertility than 

homozygous type siblings, but no molecular explanation is known. 

3. Pseudo-over-dominance: The genetic intermediate of dominance and over-dominance is ̒ Pseudo-over-

dominance, which is actually a simple case of dominance complementation, in which the two recessive 

mutations ʻaʼ from P1 and ʻbʼ from P2) are linked in trans, or ʻIn repulsionʼ. This type of complementation 

in the hybrid resembles over-dominance, because of the tight chromosomal linkage .Fig. 1 

 
Fig. 1(a-c): Genetic models of heterosis . (Shull 1908), (a) Dominance, (b) Over dominance and 

(c) Pseudo over dominance 
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Biometrical Basis of Heterosis 
1. Mid-parent heterosis: It indicates that a trait displays hybrid performance that is significantly better 

than the average (mid parent) value. 

Mid parent Heterosis (MH) = [(F1-MP)/ MP] x 100 

2. Better-parent heterosis: Indicates that a hybrid trait performs significantly better than the better of 

two homozygous parents. 

Better parent Heterosis (BH)/Heterobeltiosis  

                                        = [ (F1- BP)/ BP ] x 100 

3. Useful heterosis/standard heterosis: Indicates that a hybrid trait performs significantly over the 

standard commercial check variety.  

Useful Heterosis= [ (F1- CC)/ CC ] x 100 

Useful Heterosis is direct practical value in plant breeding. 

Heterotic Response in Cereals 
Heterosis results in the phenotypic superiority of a hybrid over its parents with respect to traits, such as 

growth rate, reproductive success and yield. This hybrid vigor is determined by non-mutually exclusive 

mechanisms, including dominance complementation, over-dominance and epistasis in cereals crop. Its 

magnitude depends on the choice of appropriate parental lines. To increase the efficiency of heterosis 

breeding in cross pollinated crops, there is a need for a simple and dependable criterion, to select the 

parental lines which would result in heterotic combinations without making all possible crosses among the 

potential parents and evaluating them. Several methods (per se performance, combining ability, genetic 

diversity, etc.) have been used to choose parents a priori with variable success. However, most traits of 

economic importance are qualitative and controlled by many major genes. 
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Breeding for Quality Traits 
It deals with genetic improvement in some special aspect e.g., protein, oil, vitamins, amino acids and 

removal of anti-nutritional substances. 

Classification of Quality Traits 
1. Morphological 

2. Nutritional 

3. Biological 

4. Organoleptic 

5. Others 

Morphological Quality Traits 
1. It is mainly related to produce appearance.  

2. It is mainly concerned with size and colour of the produce. 

3. It plays the main role in determining consumer acceptance of the produce. 

4. It can be easily observable. 

5. The examples of morphological quality traits are grain/fruit size, grain/fruit colour etc. 

Biological Quality Traits 
1. The traits included in this group define the actual usefulness of the produce for human and animal 

consumption. 

2. It is mainly predicted by the protein efficiency ratio, biological value etc. 

3. They are extremely valuable in determining the utility of produce for human / animal consumption. 

Organoleptic Quality Traits 
1. These traits are mainly concerned with palatability of the produce. 

2. These traits can easily detect. 

3. These are very important in influencing consumer preferences. 

4. The examples of these traits are taste, smell, juiciness, softness etc. 

Nutritional Quality Traits 
1. These quality traits determine the value of the produce in human / animal nutrition. 

2. These includes protein content & quality, oil content & quality, vitamin content, mineral content and 

also the presence of anti-nutritional factors. 

3. They are of superior value in determining human and animal health. 

4. Most prevalent deficiencies in human being are Iron, Zinc, Vitamin A, Vitamin B9, Vitamin D, Vitamin 

B12, Calcium, Vitamin A, Magnesium, iodine. 

Other Quality Traits 
1. These includes all other quality traits that are not included in the above categories. 

2. Many of the traits in this group are of prime importance in determining the usefulness of the concerned 

produce. 

3. The examples are cooling quality etc. 

Genetics of Nutritional Traits 
The quality traits may be governed by: 
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1. Oligogenic inheritance. 

2. Polygenic inheritance. 

3. Maternal effects. 

Oligogenic Inheritance 
Inheritance is governed by one or few genes. 

1. Each gene has large & easily detectable effect on the expression of nutritional quality character. 

2. Examples-In sorghum, high lysine content is controlled by single gene with incomplete dominance. 

3. In barley, high lysine content is governed by one major gene plus several minor genes. 

Polygenic Inheritance 
Inheritance is governed by several genes each with small additive effect. 

1. Characters which are governed by polygenes are sensitive to environmental changes and generally have 

low heritability. 

2. Example- The protein content in cereals & pulses & seed oil content in oilseed crops are governed by 

polygenes. 

Maternal Effects 
Maternal effects are related to grain characteristics e.g., seed size, protein content. 

1. Example-Protein content in chickpea, fatty acid composition in maize, soybean & rapeseed is influenced 

by genotype of maternal parent. 

Table- Genetics of Nutritional quality characters in some crop plants. 

Crop species Quality character Inheritance controlled by 

Sorghum High lysine Single partially dominant gene 

Barley High lysine One major gene and several minor genes 

Oats Protein content Complex, low content is dominant over high 

Sesame Seed oil content Additive genes with partial dominance for low oil content 

Rape seed Erucic acid or 

eicosenoic acid 

Two genes with multiples alleles 

Breeding Approaches 
Conventional approaches include 

1. Screening of germplasm. 

2. Mutagenesis. 

3. Hybridization. 

4. Interspecific Hybridization. 

5. Somaclonal variation. 

6. Genetic engineering. 

Screening of Germplasm 
This is important for traits related to chemical composition. 

E.g., The lysine gemplasm lines of sorghum. 

Hybridization 
It is most widely used breeding approach to develop high yielding varieties with desirable quality traits.  

1. The breeding methods used to handle segregating generations derived from appropriate crosses depend 

mainly on the type of parents involved in the crosses. 

2. If both parents of a cross are high yielding varieties having good agronomic features, pedigree method 

will be used. 

3. If one of the parents has inferior agronomic features, backcross scheme will be the most appropriate. 

4. Quality traits governed by polygenes may be improved by subjecting the segregating generations to a 

form of recurrent selection. 
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Interspecific Hybridization 
When individual from two distinct species of the same genus is crossed. 

Wild relative contributes useful quality genes e.g., fruit colour, fruit size, pro vitamin A & vitamin C content 

in tomato. 

Somaclonal Variation 
Genetic variation present in tissue culture- raised plants (somaclonal variation) has been exploited for crop 

improvement & several somaclonal variants are being used as commercial varieties. 

E.g., “Scarlet” variety of sweet potato has improved & more stable root colour. 

Genetic Engineering 
Genetic engineering, also called genetic modification or genetic manipulation, is the direct manipulation of 

an organism's genes using biotechnology. It is a set of technologies used to change the genetic makeup of 

cells, including the transfer of genes within and across species boundaries to produce improved or novel 

organisms. New DNA is obtained by either isolating and copying the genetic material of interest using 

recombinant DNA methods or by artificially synthesizing the DNA. A construct is usually created and used 

to insert this DNA into the host organism. 

Transgenic breeding approaches include. 

Nutritional Security by GM Crops 
Genetically modified crops (GM crops) are plants used in agriculture, the DNA of which has been modified 

using genetic engineering methods. In most cases, the aim is to introduce a new trait to the plant which 

does not occur naturally in the species. Examples in food crops include resistance to certain pests, diseases, 

environmental conditions, reduction of spoilage, resistance to chemical treatments (e.g., resistance to an 

herbicide), or improving the nutrient profile of the crop. 

Examples are 
1. GM  soybean having healthier edible oils. 

2. Vitamin A deficiency is cured by consuming golden rice which is having carotene, precursor of vitamin 

A. 

3. Transgenic potato rich in both amino acid & starch. 

4. Food spoilage is minimized in GM crops by increasing their shelf life. 

5. Improves oil and fats in rapeseed. 

  



 

 
Volume 3 - Issue 6 - June 2021       239 | P a g e  
 

Cucumber Mosaic Virus and its Management 
Article ID: 11085 

Yogita Nain1, Kewal Choudhary2, Pooja Nain3, Kiran Choudhary4 
1,4Ph.D. Scholar, Plant Pathology, RARI Durgapur, Jaipur, 302018, Rajasthan. 

2Ph.D. Scholar, Plant Pathology, SKRAU, Jobner, 303328, Rajasthan. 
3Ph.D. Scholar, Soil Science, GBPUAT, Pantnagar, 263145, Uttarakhand. 

 

 

Introduction 
Cucumber (Cucumis sativus) is a member of Cucurbitaceae gourd family that bears cucumiform fruits. 

Cultivated cucumber were introduced to south Asia. Cucumis sativus L. 2n = 2x = 14. In a 100-gram 

serving, raw cucumber (with peel) is 95% water, provides 67 kilojoules (16 kilocalories) of food energy, and 

supplies low content of essential nutrients, as it is notable only for vitamin K at 16% of the Daily Value. 

The major viral diseases of cucumber are cucumber mosaic virus. Cucumber Mosaic Virus (CMV) was 

described by Doolittle and Jagger in 1916 on cucumber. Mosaic viruses instigate a yellowish and mottled 

pattern to appear on the leaves of the plant. In the present document the causal organism, Geographical 

distribution, Physical properties, symptoms and disease management have been discussed to save the crop 

from diseases. 

Pathogen: Cucumber Mosaic Virus 
3 ss (+) RNAs (Isometric particle) 

Family- Bromoviridae 

Genus- Cucumovirus 

Vector- Aphids 

Geographical Distribution, Host Range 
CMV is distributed worldwide, primarily in temperate to tropical atmospheric clime. CMV infects monocot 

and dicot plants and more than 1200 species of 100 plant families. 

Physical Properties 
Thermal inactivation point (TIP) of the viral infectivity is approximately 70°C (10 min), the dilution end‐

point is approximately 10−4 and viral infectivity is lost after a few days of exposure to 20°C. (Mochizuki & 

Ohki., 2012). 

Symptoms 

 
Cucumber mosaic symptoms 

The symptoms of mosaic disease in young foliage are mottle of mature leaves, necrotic lines in older leaves, 

internodes of affected plant are short and mosaic and distortion of fruit. Cucumber plants lose nutrients. 

Size of leaf decreases. Leaves become curly then fall off fast. Disease fruit frequently have wart like areas 
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that are dark green. Disease symptoms plant are more severe as the temperature increase from 

approximately 15 to 28˚C. Cucumbers infected with cucumber mosaic have a bitter taste and on pickling 

become soft and soggy. (Chiuoaru & Manafu, et. al. 2012). 

Disease Cycle 
Cucumber mosaic virus wide host range, numerous weeds can serve as reservoirs for CMV and contribute 

to virus spread to crops at the beginning of the season. Aphids pass this disease to plants. They carry the 

virus from infect plants. The cucumber mosaic virus overwinters in many perennial weeds, flowers and 

crop plants. Perennial weeds harbour the virus in their roots during the winter and carry it to their top 

growth in the spring, from which aphids transmit it to susceptible crop plants. Once a few plants have 

become infected with CMV, insect vectors and humans during their cultivating and handling of the plants 

spread the virus to many more healthy plants. Entire fields of cucurbits sometimes begin to turn yellow 

with mosaic immediately after the first pick has been made, indicating the efficiency of transmission of 

CMV mechanically through sap carried on the hands and clothes of workers. The numerous ways of virus 

transmission to plants can be via insects or through sap, and then virus produces a systemic infection of 

most host plants. 

Disease Management 
1. Development of genetic resistance is the plainest and most effective method of controlling virus diseases 

and is particularly appropriate for CMV. 

2. Grow the good-quality seed. 

3. Removal and destruction of seedlings and plants infected with the virus prevent spread. 

4. Eradication of weed hosts. Severe virus pressure can be reduced by eliminating numerous key perennials 

or biennial weeds positioned near the crop. It efficaciously controls CMV. (Doolittle & Walker, 1926).  

a. Use cultural practices to delay the arrival of aphids into your crop: 

b. Use reflective mulches to deter aphids 

c. Use taller, non-susceptible crop borders to isolate fields (e.g., corn) is a good option to delay influx 

of aphids into field and they also act as depositories for virus 

d. Exposing Young plants’ exposure to high aphid populations can be avoided by timely planting 

(e.g., during aphid migrations). 

5. Insecticides and mineral oil sprays’ application has been expended to control CMV. 

6. Crops provided protection during the key period of aphid migration and transmission can continue their 

virus’ infection free life cycle. 
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Fruits and vegetables are important part of daily diet since they are rich in vitamins, essential minerals, 

antioxidants, bioflavonoids, dietary fibers and flavor compounds because of which they get exposed to 

abiotic and biotic adversities. Wax coating can be defined as a film or layer spread over surface for 

protection or decoration purpose. Quality retention is a major disadvantage in marketing of fresh fruits 

and vegetables since their natural wax is removed via washing. Due to perishable nature of fruits and 

vegetables they are easily attacked by microorganisms and insects; respiration and transpiration processes 

leads to faster deterioration of the quality (Tiwari et al. 2014).  The idea of using edible coatings has also 

been obtained from skin of fruits and vegetables (Goldstein et al., 1992). These are thin layer of edible 

materials which restrict loss of water, oxygen and other soluble material of food (Bourtoom, 2008). 

Types of Wax Emulsions 
There are 2 types of wax emulsions and these are as followed: 

WAX-“W”: The wax composition “W’ does not impart any gloss to vegetables and hence where gloss is 

required for improving marketability of the produce, WAX-“O” is recommended. Both these wax emulsions 

contain 12% solids. 

Edible Coatings: Fruits and vegetable are classified as either climacteric or non-climacteric. 

Climacteric…fruits will ripen, i.e., get softer and sweeter after harvest. Non-climacteric fruits, once 

harvested, never ripen further. The biochemical process involved is that climacteric fruits give off large 

amounts of ethylene gas whereas non-climacteric fruits give little or no ethylene gas. Some examples of 

climacteric fruits are apples, apricots, avocados, bananas, blackberries, kiwi, plums, peaches, pears, 

tomatoes. Examples of non-climacteric fruits are citrus, grapes, cherries, raspberries, strawberries and 

cashews. These are just a few examples. Coatings designed for ideal storage .Nevertheless , if used properly, 

edible coatings can delay ripening of climacteric fruits can also delay color changes in non-climacteric fruit, 

helps in reducing water loss and thereby improves appearance of fruits and vegetables. 
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The most used herbs in herbal edible coating are Aloe vera, Neem, Ocimum, Lemongrass, Turmeric, 

cinnamon, etc; these herbals have proven for its antibacterial and antimicrobial effects. It also serves as 

nutraceuticals due to its vitamin and nutrient contents. Aloe vera extract is used in edible coating for 

improving the shelf life of fruits and vegetables (Kavas et al., 2015). Fruits and vegetables are generally 

coated by dipping in, brushing or by spraying with edible material so that a semi permeable membrane is 

produced on the surface by which it suppresses the respiration rate, controls moisture loss and provides 

other function (Raghav et al., 2016). 

Polysaccharide Edible Coatings 

 

Protein Based Edible Coatings 
Protein-based edible films are generally formed from solutions or dispersions of the protein as the 

solvent/carrier evaporates. The solvent/carrier is generally limited to water, ethanol or ethanol-water 

mixtures. Generally, proteins must be denatured by heat, acid, bases, and/or solvents in order to form the 

more extended structures that are required for film formation. Once extended, protein chains can associate 

through hydrogen, ionic, hydrophobic and covalent bonding. The chain-to-chain interaction that produces 

cohesive films is affected by the degree of chain extension and the nature and sequence of amino acid 

residues. The uniform distribution of polar, hydrophobic, and/or thiol groups along the polymer chain 

increase the likelihood of the respective interactions. The promotion of polymer chain-to-chain interaction 

results in films that are stronger but less flexible and less permeable to gases, vapors and liquids. Polymers 

containing groups that can associate through hydrogen or ionic bonding result in films that are excellent 

oxygen barriers but susceptible to moisture. Thus, protein films are expected to be good oxygen barriers at 

low relative humidity. 

Lipid Based Edible Coatings 
The beneficial properties of some lipids, such as their reasonably good compatibility with other film-forming 

agents and their good barrier properties against water vapor and other gases, make them desirable 

candidates for increased use as edible films and coatings in foods (Greener and Fennema, 1992). Lipid 

compounds commonly used for the preparation oflipid-based edible films and coatings include neutral 

lipids, fatty acids, waxes, and resins (Kester and Fennema, 1986; Hemandez, 1994). One way to achieve a 

better water vapor barrier is to produce a composite film by adding hydrophobic components such as lipid 

and wax materials. A composite hydrocolloid-lipid film or coating is particularly desirable, since it has 

acceptable structural integrity imparted by the hydrocolloid materials and good water vapor barrier 

properties contributed by the lipid materials (Greener and Fennema, 1989a). The efficiency of the lipid 

materials in composite films and coatings depends on the nature of the lipid used in particular on its 
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structure, chemical arrangement, hydrophobicity, and physical state (e.9. solid or liquid), and on the lipid 

interactions with the other components of the film, such as proteins and polysaccharides. 

 

Edible Coating Should 
1. Not contain any toxic or allergic substance and should be easily digestible. 

2. Liable to mechanical damage. 

3. Have good adhesion(sticky) property. 

4. Have good water barrier properties. 

5. Provide semi permeability to maintain internal equilibrium of gases which is involved during anaerobic 

and aerobic respiration, thus retarding senescence.  

6. Not affect the nutritional and organoleptic properties of fruit and vegetable. 

7. Be capable of being used as a carrier for desirable additives such as flavor, nutrients, coloring and 

vitamin. 

8. Have antimicrobial and antibacterial properties. 

9. Be economically viable. 
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Summary 
Soybean is an economically important legume crop and adds to the country’s economy. It is widely used in 

many culinary dishes in western and Indian cuisines. It contains many beneficial health-promoting 

compounds. Somaclonal variations are created through tissue culture methods. The problems associated 

with the production of soybean include its reduced viability seed viability and the only relaying techniques 

are traditional methods of cultivation. Thus, new methods and techniques like tissue propagation should 

be searched to increase production and yield. 

Introduction 
Soybean (Glycine max (L.) Merr.) (Fabaceae; 2n = 2x = 40) is a functional and multifaceted food crop and 

consumed as a food and feed crop. It has high amounts of proteins (40%), fat (20%) and oil content 

(Rodrigues et al., 2006; Medic et al., 2014; Rajendran and Lal, 2020). It is an important legume crop as it 

contributes to about two-thirds of the world’s protein concentrate used for the feeding of livestock and 25% 

in the production of edible oil globally. Soybeans are widely used for various culinary and cuisines purposes 

which include soy paste, soya milk and soybean meal and oil. Therefore, it is also referred to as ‘Gold from 

the soil’ and ‘Cow of the field’ (Agarwal et al., 2013; Medic et al., 2014). It also produces a plethora of 

compounds having therapeutic applications like storage proteins, carbohydrates and other minor 

constituents (Medic et al., 2014). It has many potential roles that it may replace with other food crops. It 

contains around 40-41% proteins (dry weight), 65-80% seed storage proteins like glycinin and beta - 

conglycinin (total seed weight) and along with these it also possesses low abundance proteins (Medic et al., 

2014). The top producers of soybeans include the USA, Brazil and Argentina (Big 3) and in India, it is 

grown as a Kharif crop mainly in Madhya Pradesh, Maharashtra, Rajasthan, Karnataka, Andhra Pradesh 

and Chattisgarh (Agarwal et al., 2013). 

Applications of Somaclonal Variations 
Somaclonal variation provides us with the means of development of new variants using the genetic 

variation. There are other traditional breeding ways through which new varieties are developed but due to 

their drawbacks like low frequency and difficulty to handle in terms of land and time, new approaches have 

been explored. They provide a good chance for the introduction of new traits into the plants while disturbing 

and keeping the existing traits (Evans and Sharp, 1986). Stephens et al., (1991) demonstrated and reported 

that the somaclonal variations have significantly benefitted due to the occurrence of variations in maturity, 

lodging, height, seed protein and oil. But, due to the narrow degree of variation, a soybean breeder may not 

be benefitted easily, if used directly to generate genetic variation among regenerated progeny (Stephens et 

al., 1991). 

Conclusion 
Soma clones are those plants that are produced through tissue culture methods using various explants like 

cotyledonary nodes or epicotyls. Soybean is a multipurpose crop containing proteins, lipids, lecithin, 

vitamins A, B, B2, D, E), and minerals Ca, Fe, K along with many other important compounds. which is 

consumed globally in various edible forms (natto, tofu, soy paste, etc.). Therefore, the technique of 

production of somaclones can be used to enhance the production of soybean using somatic tissue to have a 

wide range of phenotypes. 
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Abstract 
Over the past decade, technological advances in experimental and animal tracking techniques have 

motivated a renewed theoretical interest in animal collective motion and, in particular, locust swarming. 

The relationship between locusts and humans is very old, and locusts continue to be a major agricultural 

challenge around the world today. Locust biology is often linked to abiotic conditions like temperature or 

precipitation, enhancing the perception that aside from active control, humans are not key players in the 

interaction locusts have with their environment. However, several studies have shown that land 

management practices like grazing heavily influences locust-human linkages. The plague heavily affects 

the agricultural sectors, which is the foundation of national economies and social stability. The 

management of the locust is based on various models for monitoring recession areas to detect outbreak. 

Various techniques like remote sensing and other forecasting models can be used for this and implementing 

new methods (e.g., data fusion) could provide new insights for locust research and management. 

Introduction 
Locusts are a group of certain species of short horned grasshopper in the family Acrididae of order 

Orthoptera. Schistocerca gregaria, the desert locust is a species of locust which show periodically swarming 

and inhabits dry grasslands and deserts and has threatened agricultural production. It is the most 

devastating among all locust species. The impressive capacity of locust swarms to rapidly move long 

distances and descend on communities unexpectedly has shrouded their source in mystery. The desert 

locust shows periodic changes in their body form and can change in response to environmental conditions. 

A desert locust adult can consume roughly its own weight, i.e., about two grams, in fresh food per day. It 

inhabits dry grasslands and deserts and has threatened agricultural production in Africa, the Middle East, 

and Asia for centuries. The range of the migratory locust (Locusta migratoria) is wider than that of any 

other. It is found in grasslands throughout Africa, major parts of Eurasia, the East Indies, tropical 

Australia, and New Zealand. The Australian plague locust (Chortoicetes terminifera) is the most important 

pest species of locust in Australia, due to the large areas infested, the frequency of outbreaks, and its ability 

to produce several generations in a year. These recent large-scale and local outbreak events of various 

locust species around the world highlight the presence of locust pest risk to food security, their destructive 

effects, and the importance of functioning locust management services. 

Biology 
The life cycle of the desert locust is 3–6 months and a mature female locust can produce about 100 eggs a 

day. The larvae are fast growing and it only takes about 20 days to become mature and the initiator of the 

next batch of insect pests (Fig. 1). The most optimal temperatures for the growth of locusts are 25–32 0C 

at a relative humidity ranging from 85% to 92% and 15%–18% for the soil humidity. They exhibit density-

dependent phase-polymorphism or polyphenism (the phenomenon in which two or more distinct phenotypes 

are produced by the same genotype). 

They appear in two forms or phases i.e., crowding induces the gregarious phase, most notorious for its 

tendency to aggregate and form massive swarms; while isolation leads to the solitary phase, in which 

individuals actively avoid other locusts. 

The differences between the gregarious and solitary phases are collectively termed phase characteristics, 

extending from behavior and ecology, through morphology and anatomy. The phase transformation, i.e., 

the response to changes in population density, is reversible and not developmental-stage- or age-specific. 

Some phase characteristics, especially behavioral patterns, respond rapidly within the same instars. 
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(Fig.1. Locust life cycle) 

Gregarious locusts are also generally more active, including their strong propensity to march in huge bands 

of hoppers or to form flying swarms as adults. In contrast, solitary-reared locusts actively avoid contact 

with other locusts. They are more sedentary and cryptic in behavior, do not march, and fly less. 

Locust Swarming 
As mentioned, swarming is a hallmark of locust behavior. Swarming is caused by the attraction and 

aggregation tendency of locusts during their gregarious phase. Swarming and marching begin very early 

in the larval instars, just a few days after hatching. Desert locust nymphs (as well as other locusts) have a 

diurnal pattern of behavior. The locust bands will normally have one period of marching in the forenoon 

and another in the afternoon, strongly dependent on weather conditions such as temperature, but also on 

clouds obscuring the sun, as well as on rain or cold wind. The marching hopper bands can cover very 

different areas, from a few hundred square meters up to several kilometers. During marching of the 

hoppers, bands may meet, merge, or fuse, and the coordinated movement will thereby further enhance the 

swarming (this is also true for the flying swarms). Undisturbed nymphs within marching bands will 

advance predominantly by very consistent walking rather than by jumping or hopping. 

 

This behavior is most typical to the desert and migratory locusts and may be less so in other species. 

Regarding the speed of marching, Uvarov had already noted that “the actual speed of individual hoppers 

bears only a remote and uncertain relation (by a factor of 3–4) to the marching rate of the bands.” The 



 

 
Volume 3 - Issue 6 - June 2021       248 | P a g e  
 

reason for this is that the proportion of hoppers marching at any given moment can be as low as 10%. 

Global warming leading to long-term droughts and warm winters coupled with occurrence of high 

precipitation in spring and summer are likely the main cause of locust plague outbreaks. Development of 

environmentally sustainable methods as alternatives to toxic pesticides is needed in order to mitigate the 

outbreaks. 

Experimental Approaches to the Study of Locust Swarming 
Previously the studies of locust have been limited to field observations during locust outbreaks in the 

affected regions. But now, due to advancement of technology the efforts have been aided by enabling the 

investigation of particular aspects of the locust behavior. 

These recent events underline that the risk and damage caused by locust pests is as present as ever and 

affects 100 million of human lives despite technical progress in locust monitoring, prediction and control 

approaches. Remote sensing has become one of the most important data sources in locust management. 

Since the 1980s, remote sensing data and applications have accompanied many locust management 

activities and contributed to an improved and more effective control of locust outbreaks and plagues. 

The Food and Agriculture Organization (FAO) has been successfully introducing standardized monitoring 

methods and data collection when remote sensing data and applications play an essential role. Remote 

sensing data related to locust outbreaks was first introduced by Pedgley and Hielkema and was later 

implemented in FAO operative Desert Locust Information Service (DLIS). 

Recently, open-access remote sensing data archives as well as progress in cloud computing provide 

unprecedented opportunity for remote sensing-based locust management and research. Additionally, 

unmanned aerial vehicle (UAV) systems bring up new prospects for a more effective and faster locust 

control. 

Scenario of Locust Damage 
Locusts are described as a pest of unusually destructive powers. Recently, locust outbreaks around the 

world have destroyed agricultural and natural vegetation and caused massive damage endangering food 

security. Unusual heavy rain falls in habitats of the desert locust (Schistocerca gregaria) and lack of 

monitoring due to political conflicts or inaccessibility of those habitats lead to massive desert locust 

outbreaks and swarms migrating over the Arabian Peninsula, East Africa, India and Pakistan. 

Locust outbreaks have many negative effects on land management, food security and the natural 

environment, ranging from total damage of crops and grazing fields to negative effects from control 

measurements when using insecticides. One of the reasons is the ineffective monitoring, management or 

population control in some locust habitats, e.g., due to lack of available resources and technology.  

Environmental changes (e.g., land use alterations) and weather variability within the locust habitats can 

create optimal conditions for locust breeding, which needs to be realized and control undertaken in time. 

Otherwise, such changes may lead to increased population, causing a transition from the solitarious phase 

to the gregarious phase and therefore initiate a locust outbreak. Therefore, continuous monitoring during 

the solitarious phase is essential. 

Conclusion 
Locust management is complex and requires a multi-disciplinary approach including entomology, biology, 

and ecology, with aspects of spatial distribution modeling, climate analysis, weather prediction, organism 

behavior and interaction with other species (e.g., birds and grazing sheep), control using chemical 

insecticides or bio-agents as well as remote sensing applications. 

There is a need for shifting towards growing soybean, rape, and watermelon, which seems to help to prevent 

locust outbreaks and obtain food security. In addition, forestation of arable land improves local climate 

conditions towards less precipitation and lower temperatures while simultaneously attracting a larger 

number of birds thereby increasing the locust predation rates. 

Green technologies such as light and sound stimulation also seem to work; however, these are challenging 

and need further technological development including incorporation of remote and modeling before they 

are applicable on large scales. To summarize, in order to effectively integrate land-use into management 
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programs, important data on locust biology, such as nutritional preference and thermobiology, remain to 

be collected, particularly for non-model locust species, for which the expressions of density-dependent phase 

polyphenism in not well-understood. 
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Abstract 
Vegetables sold in cities nowadays are produced by the sides of the roads and railway tracks using polluted 

waste water which leads to ill health and malnutrition of the urban people. One of the ways to reduce the 

degree of illness and malnutrition in urban people is the production of vegetables in the cities itself using 

clean water and zero land. Ground lands have become very scarce in big cities nowadays and therefore big 

apartments are becoming the favorable places to live by the people. The terrace land of the apartments 

(The zero land) can be utilized for producing the vegetables as per the requirements of the people of 

apartment and also for selling to the surrounding people for economic returns. The management of 

vegetable production program can be handled by the management committee of the apartment itself. An 

effort has been made in this paper to present the various possible ways of producing flowers & vegetables 

using zero land & fresh water in the urban and peri- urban areas. Technical information regarding 

economically minimum zero land required per person for producing his daily vegetable requirement in all 

seasons, number of plants required to produce vegetables per person  along with some other requirements 

have been presented in this paper which can be of great help to the users. 

Introduction 
20% of undernourished people live in cities. In these urban areas, many people are going hungry due to 

monetary factors such as unemployment and high housing costs (Mayors, 2010). Around the world, 

nonprofit organizations such as food banks are attempting to feed the hungry by directly giving them food 

as an immediate relief to under-nutrition. However, these organizations are not able to supply the growing 

demand from over 185 million hungry people (FAO, 2010 and Shaw, p 395). Urban agriculture can help 

supply food to undernourished populations in cities as one alternative to an increased import of produce. 

Advantages of Rooftop Gardening (One Type of Zero Land Cultivation) 
1. Green roofs can help in the absorption of carbon dioxide and help reduce air pollution. 

2. Storm water runoff, flooding and water pollution can be reduced. 

3. The building and surrounding area’s aesthetics will be enhanced 

4. Economically, there are no additional land costs. 

5. Temperatures around the building can be lowered in the summer. 

6. A building can be further insulated from the cold in the winter. 

7. The roof life can be extended by protecting it from various weather conditions. 

8. Heating and cooling bills will be reduced. 

9. The rooftop garden space can be used for food production. 

Rooftop Garden Types 
There are two types of rooftop gardens and depending on the structural design of your roof, 

1. Extensive rooftop gardens: 

a. Generally lightweight gardens. 

b. Require little or no maintenance. 

c. Vegetation acts like another layer of the roofing material and usually covers the entire roof can 

be installed on both flat and sloped roofs. 

d. Depending on climate and the amount of rainfall, can grow a variety of hardy grasses, wild 

flowers, mosses and sedums. 

e. Use drought-tolerant plants that will go into hibernation if exposed to harsh conditions like wind 

and sun exposure and/or under-watery condition. 
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f. Since they are not generally walked upon, guard rails, exit requirements and access need not be 

a concern. If they will be walked on, these aspects need to be considered.  

2. Intensive rooftop gardens: 

a. Allow for a more diverse plant selection such as perennial flowers, trees and shrubs (all of which 

can remain in containers over the winter) and the potential to grow food. 

b. Generally installed on flat roofs with the vegetation either covering the entire area or in 

containers and raised beds. 

c. A stronger roof structure is required due to the added weight of people accessing the garden as 

well as higher soil and container weights, decking and trees all adding to the weight impact to the 

roof. 

Things to Consider 
1. Weight capacity. 

2. Exposure. 

3. Wind and sun protection. 

4. Access and safety. 

5. Roof properties and drainage. 

What You'll Need 
1. Soil: 

a. Light weight soil. Due to the weight of soil, especially wet soil, it is best to use lighter soils such 

as perlite, vermiculite, peat moss, coconut husk fibre and rockwool pad (a Danish product that can 

completely replace soil without harming the plant)—these add bulk without jeopardizing the 

stability of the plants. 

b. Fertilizers. If you use these types of soil, they need to be mixed with fertilizers, preferably organic 

ones, to ensure the survival of your plants. 

c. Minimum soil. Many plants do not need 12 inches of soil for healthy growth so use a minimum 

amount of soil as possible. Select plants that require less soil depth such as ones with shallow and 

spreading roots. 

2. Water: 

a. Water access. Water on the roof is ideal—i.e., a water tap. 

b. Water pressure. Moderate to high water pressure is preferable. If the water pressure is low, there 

may not be enough force to have a long drip system or soaker hose. In this case, several shorter 

hoses on separate zones would get water to all the plants. 

c. Drip irrigation system. This is an effective way to get a steady amount of moisture to your plants 

and can be put on a timer for efficiency and lower maintenance. 

3. Plants: Hardy or indigenous plants. Use plants of these varieties, as they are more capable of 

withstanding the harsh climate conditions of a rooftop such as sun, wind, rain fall & soil depth. 

4. Containers: 

a. Appropriate containers. Although terra cotta pots look good, they are too porous to conserve water 

under rooftop conditions. Plastic pots do a much better job. 

b. Do not use anything smaller than 20 cm (8 inches) in diameter because there isn’t enough soil 

mass relative to the exposed surface area in a small container to hold much moisture for very long. 
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Introduction 
Kiwifruit (Actinidia deliciosa) belongs to family Actinidiaceae. It is also known as Chinese gooseberry. The 

plant is a vigorous, deciduous climber that grows to about 9 meters in height, tolerating full sun or semi-

shade. It is a very important fruit as it has a sweet-sour taste, high nutritional value and a unique 

appearance. It is an excellent source of potassium, vitamin C, vitamin E, fibre, folate, copper, potassium, 

antioxidants, vitamin E and vitamin K and has low sugar content. Botanically, kiwifruit is a berry 

approximately 3 inches long and has a brown hairy peel with a green flesh and white pulp in the center 

with many tiny black edible seeds. This is not only consumed fresh, but also used to produce dried kiwi, 

frozen kiwi, jam, jelly, marmalade, juice, nectar, etc. Kiwi fruit juice has been used in some cultures as a 

traditional meat tenderizer. 

Health Benefits 
1. It improve digestion: Kiwis are a good source of fiber which is important for preventing constipation 

and keeping the body regular. Green kiwifruit specifically contains a natural digestive enzyme known as 

actinidin that can break down protein and improve function at both the gastric and intestinal levels. 

2. Kiwi control blood pressure: Kiwis can help reduce high blood pressure and prevent diseases such as 

heart attack and stroke. Kiwis contain an antioxidant, lutein that may be the cause of its blood pressure 

regulating ability. The vitamin C in kiwis can also contribute to a reduction in blood pressure.  

3. Support immune function: Vitamin C is important for the cellular function and protecting cells from 

free radicals’ damage in the body. It’s responsible for the growth and repair of tissues and provides support 

for the immune system. 

4. Prevent vision loss: Kiwi contains zeaxanthin and lutein. These two compounds perform the same 

function as antioxidants as well as help to form vitamin A, an essential nutrient for eyes. They also absorb 

excess light that may damage our retinas and protect the eye from cataracts and other eye-related diseases.   

5. Improve skin health: The vitamin C in kiwi is a key component in the synthesisation of collagen in 

the body. The anti-inflammatory properties and vitamin C in kiwis can be beneficial for those dealing with 

acne and can greatly reduce sebum production in pores. kiwis can help keep your skin firm and youthful-

looking. 

6. Reduce weight loss: The high amount of vitamin C in kiwis is the key to weight reduction. Vitamin C 

helps control blood pressure, it manages cholesterol levels.  

7. Kiwi control asthma: High amounts of vitamin C and antioxidants in kiwis can help control symptoms 

of asthma. Lung function was improved.  

8. Good source of folate: It is a good source of folate, which is said to be beneficial for pregnant women 

because it helps in the development of the foetus, making it healthy.  

9. Sleep inducer: kiwi fruit contains antioxidants and serotonin may be beneficial in the treatment of 

“sleep disorders.” It can help immensely in inducing sleep. 

Kiwi Juice 
Ingredients: 

a. Kiwi fruits – 2. 

b. Ice Cubes – Few. 

Method: 

a. Wash kiwi fruit well in running water. 
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b. Peel Kiwi and remove the outer fuzzy layer. 

c. Cut the green flesh inside into small slices. 

d. Place them in a blender along with ice cubes. 

e. Blend well till it reaches a right consistency. 

f. Strain the juice and enjoy drink. 

 

Kiwi Jam 

 

Ingredients:  

a. Kiwi fruits 5. 

b. ½ cup sugar. 

c. ½ cup water. 

d. 1 tablespoon juice of lemon. 

Method: 

a. Wash kiwi fruit well in running water. 

b. Peel kiwi and remove the outer fuzzy layer. 

c. Scooped out the kiwi pulp and cut into cubes. 

d. Put kiwi cubes into a deep saucepan and boil for 10 minutes on the low medium flame with 1/2 

cup of water. 

e. After 10 minutes switch off the flame and let it cool completely before grinding. 

f. Now grind boiled kiwi pulp. 

g. Put ground kiwi and sugar in a saucepan.  

h. Let it boiled over medium heat until thick. 

i. Once jam starts to thickens switch off the flame. 

j. Allow jam to cool down.  

k. Then add lemon juice and mix well. 
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Kiwi Candy 

 

Ingredients: 

a. Kiwi fruits 4. 

b. 1 cup sugar. 

c. 3 drops of organic green colour.  

d. 2 tablespoon grounded sugar for garnishing. 

Method: 

a. Wash kiwi fruit well in running water. 

b. In a pan, heat the sugar and cook it till it melts  

c. Peel and cut kiwi into small slices. 

d. Now transfer kiwi slices into the pan and cook it 10 minutes on medium flame. On heating kiwi 

colour become light then add organic green colour. 

e. Switch off the gas and keep it aside for half an hour. 

f. Again, heat the pan and cook till sugar start crystallises. 

g. Transfer kiwi candies to plate and keep it in sunlight for 3-4 days.  

h. Once candies dry completely sprinkle sugar powder over them. 

Kiwi Leather 

 

Ingredients: 

a. Kiwi fruits 4. 

b. 3-4 tablespoon of honey. 

Method: 

a. Wash kiwi fruit well in running water. 

b. Peel and cut kiwi into small pieces 

c. Place kiwi pieces in a blender. 
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d. Blend well till puree is prepared.  

e. Then add 3-4 tablespoon honey in blender then again blend it. 

f. Pour mixture on parchment paper 

g. Dehydrate for 5-8 hours on 135 degree. 

h. Remove from dehydrator when kiwi fruit leather is still tacky but not sticky. 

i. Kiwi fruit leather cool down to room temperature 

j. Cut the fruit leather in long stripes or in square. 

Conclusion 
The high nutritive value of kiwi fruit indicated good potential for exploration and value addition different 

food products. These are low in calories as well as fat. The shelf life of kiwifruit is short and requires 

conservation techniques to enhance its commercial life. The kiwifruit is unique because of its high 

nutritional content, different flavours, vitamins, minerals, antioxidants, phytochemicals and fiber content. 

kiwifruit has important components with many benefits for human health. kiwifruit will be used as the 

raw material for many more products. 
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Summary 
Mahua (Madhuca longifolia) is a typical tree in the forest of Central India. These trees are the loveliest 

when they have flowers in full bloom between March and April and is endowed with the fruit that ripens 

between June and August. This is a medium-sized deciduous tree, which is grows to a height of 16-20 m. 

The bark is grey, horizontally cracked and wrinkled, peel in thin scales. Mahua tree leaves are alternate 

and assemble at the end of branches. Flowers are green or pink, Pollinated flowers develop into a fleshy, 

greenish ovoid fruit containing 1-4 shiny, oily brown seeds. Due to its multipurpose use, it is satisfying the 

basic need of tribal people. Mahua trees economically supports the people of Central India especially the 

local Tribals (Adivasi). Mahua is also use as medicinal use as well as vegetative purpose. Flowers of Mahua 

use as sweetener in fermentation, there is a strong need for the commercial utilization of this plant along 

with advance technologies for the development of various valuable food products. 

Introduction 
Mahua (Madhuca longifolia) is a typical tree in the jungles of Central India. In India generally name as 

Madhūka, Madkam, Mahuwa, Mahua, Mahwa, Mohulo, or Iluppai or Vippa chettu, Madhuca, Kuligam, 

Madurgam, Mavagam, Nattiluppai, Tittinam, Mowa, Moa, Mowrah, Mahuda (Gujarati), Mahu/ Moha 

(Marathi) and Muvda in Pawari local tribal (Adivasi) language (Nandurbar, Maharashtra). In Rajasthan 

Mevadi and Marwari language called as Dolma. These trees are the exquisite when they have flowers in 

full bloom between March and April. The leaves occur dusty pink slowly changing their color to midnight 

green. The tree is supplied with the fruit that ripens between June and August. Mahua Trees are famous 

amidst the flora of Central India. They are beneficial for many reasons. The trees are economically 

supporting the people of Central India especially for the local Tribals (Adivasi). These flowers drop in March 

and April before the dawn that are then collected up by the local peoples. These flowers are fermented to 

make coarse, strong-smelling popular country brew or liquour (Daru). This supply as a source of income 

and living for the locals. Also, the succulent creamy-white Mahua flowers are eatable and provide as a 

source of nutritious food for the tribal (Adivasi) people who eat these flowers either raw or after sun-drying 

them. More animals and birds such as Langurs, Deer etc. like to feast on the Mahua flowers but one fellow 

in specific who likes and appreciate Mahua as much as local Adivasi (tribals). Along with different insects 

feed on various flowers and fruits out of which Mahua is quite loved by them apart from Mango, Ebony, 

and Golden Shower etc. also known as Honey Bears due to their huge love for honey, Sloth Bears can be 

the competitors of local tribals when it comes to collecting Mahua leaves and flowers. Hence, Mahua is 

rendered as the cherished of not only the locals but also of different animals especially Sloth Bears. 

Ecologists concluded that the flowers and fruits of the Mahua tree have emerge to largely attract bats as 

pollinators and seed dispersal. Dull color, flowering in the night, hanging in the open and a rich strong 

smell are some of the traits that help attract the attention of bats. 

Scientific Classification 
Kingdom: Plantae 

Clade: Tracheophytes 

Order: Ericales 

Family: Sapotaceae 

Genus: Madhuca 

Species: M. longifolia 

Binomial Name: Madhuca longifolia 
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Images of Mohu (Madhuca longifolia) 

   
1. Leaves 2. Flower Buds 3. Fresh Flowers 

   
4. Dry Flowers 5. Fruits 6. Seeds 

Origin and Distribution 
Mahua tree is native in India, Sri Lanka, Nepal and Myanmar (Fern, 2014). It is a frost resistant species 

that can grow in borderline areas of dry tropical and subtropical forests up to an altitude of 1200-1800 m. 

It is flexible to arid environments, being a conspicuous tree in tropical mixed deciduous forests of India in 

the states of Odisha, Chhattisgarh, Jharkhand, Uttar Pradesh, Bihar, Gujarat, Maharashtra, Madhya 

Pradesh, Telangana, Kerala, West Bengal and Tamil Nadu. It can be begin scattered in meadow, in crop 

fields in central India, and on rivers banks in semi-evergreen forests (Trees India, 2016; Orwa et al., 2009). 

It became larger well where annual rainfall is between 500 mm to 1500 mm, and where temperatures are 

in the range of 2-46°C. Mahua does better on deep loamy or sandy-loam soils with good effluent, but it also 

obtains on shallow stony, clayey and calcareous soils (Orwa et al., 2009). 

Morphology 
Mahua tree is a medium-sized deciduous tree, which grows to a larger height of 16-20 m. It has appeared 

short, stout trunk, 80 cm in diameter. The dignify is rounded with multiple branches. It has grey bark, 

vertically cracked and wrinkled, exfoliating in thin scales. The leaves are interspersing and assemble at 

the end of branchlets. The leaf blade is simple, 10-25 cm long, 6-12 cm broad, oblong-shaped, rigid, thick 

and firm, woolly at the lower face and exuding a milky sap when destroyed. Immature leaves are pinkish 

or reddish-brown. Present green or pink flowers, each bunch consisting of 12 fragrant creamy-coloured 

flowers. The flowers live for only one night and then fall to the ground. Pollinated flowers evolve into a 

fleshy, greenish ovoid fruit containing 1- 4 shiny, oily brown seeds. Seeds are 3-5 cm long, oval shaped and 

flattened on one side (Trees India, 2016; FOI, 2016; Fern, 2014; Orwa et al., 2009). 

Chemical Composition of Mahua Flower 
Sr. No. Components Fresh flowers Dry Flowers 

1. Moisture 73.6 - 79.82 (%, d.b.) 11.61-19.8 (%, w.b) 

2. pH 4.6 - 

3. Starch (g/100 g) 0.94 g - 

4. Ash (%) 1.5% 1.4 - 4.36% 

5. Total sugars (g/100 g) 47.35 - 54.06 g 41.62 g 

6. Reducing sugars (g/100 g) 36.3 - 50.62 g 28.12 g 

7. Proteins (%) 6.05 - 6.37% 5.62% 
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8. Fats (%) 1.6% 0.09 - 0.06% 

9. Fibers (%) 10.8% - 

10. Calcium (mg/100 g) 45 g 0.14 - 8 g 

11. Phosphorus (mg/100 g) 22 g 0.14 - 2 g 

12. Vitamin-C (mg/100 g) 40 g 7 g 

Uses 
1. Native communities use the bark of the tree as medicine, the fruit as food and of course the flowers as 

an intoxicant. 

2. Mahua flowers, fruits and leaves are eatable and used as vegetables in India and other Southern Asian 

countries.  

3. The sweet, fleshy flowers are eaten fresh or dried, powdered and cooked with flour, used as a sweetener 

or fermented to make alcohol (Liquor) (Fern, 2014).  

4. The fleshy outer coat of the fruit is used as a vegetable.  

5. Mahua is an oil plant whose seeds yield between 35% to 47% oil (CJP, 2007; Ratnabhargavi, 2013).  

6. Mahua oil is used to make soaps and candles and is also used as a seed conservative against pests.  

7. Mahua oil is noted to have potential use in biodiesel production.  

8. The oil cake appear from oil extraction is used as a fertilizer, and could be used to control root-knot 

nematode and fungal (Gupta, 2013; Orwa et al., 2009).  

9. Mahua is also used for its hard, strong, dense and reddish timber (Orwa et al., 2009).  

10. Mahua flowers produce a nectar that is very benefited to honey bees in periods of dearth (Singh et al., 

2008). 

11. Leaves, flowers and fruits are lopped to feed goats and sheep (Singh et al., 2008).  

12. Spent flowers, the by-product of alcohol production, are also occasionally fed to livestock (Reddy et al., 

1966). 

Conclusion 
Due to its multiple use, it is fulfilling the fundamental need of tribal people in the form of 3F denoted i.e., 

Feed, Fodder and Fuel because of its essential element and plentiful availability in that specific areas. The 

quality aspects of the flower are catching deteriorated because of the malpractices followed by tribal people 

for its preservation. Taken these issues, there is a strong demand for the economical utilization of this 

flower along with advance technologies for the increase of various beneficial food products along with their 

availability throughout the year, which will definitely help in upliftment of tribal people economy and their 

continual development. The flower which may help in improvement of employment and income of those 

societies. 
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Introduction 
India is home to diverse ecosystems which vary from temperate to tropical zones which extend from 

mountainous terrains of Himalayas in the north to coastal areas in the south. Many species of crops are 

grown in our country with varying climatic, water, food and market requirements. Some crops like 

sugarcane and paddy have a higher water requirement; whereas, crops like barley and mustard have a 

lower water requirement. More than 75% of rainfall received by our country is through South West 

Monsoon but the monsoon season lasts for only four months and along with this its distribution and 

duration vary from state to state. Observing the trend from previous years, the average annual rainfall 

received is less than normal rainfall expected during monsoon season.  As recorded by IMD, in year 2017 a 

monsoon deficit of 5% was observed and in year 2018 a deficit of 9.40% was recorded. By observing the 

trend, we can say that monsoon is growing weak and erratic which can increase the intensity along with 

likelihood of droughts in India.  

There are many natural phenomena as well as anthropogenic reasons behind this erratic behaviour of 

Indian monsoon. Natural phenomenon such as IOD and El Nino because of which countries in Indian Ocean 

face mild to moderate drought like situations and in some cases severe droughts as well. India is one such 

country and agriculture in India is mostly dependent upon climate and it is less input based agriculture 

which causes higher losses in agricultural outputs in our country. Another problem faced by our country is 

its population. India has second largest population in the world and contributes 17.7% of the world’s 

population while it has only 2.4% of the world’s surface area. To fulfil land, water and food requirement of 

a country with high population density per unit area will require increased urbanisation, industrialisation 

and agricultural land to support basic requirements of these many people. This will cause increased 

deforestation, land degradation, consumption of fuel and pressure on agriculture and water reserves. All 

these factors will directly or indirectly contribute to the increased water demand of the population and 

hence a need to promote the concept of community ponds in our locality for rainwater harvesting. 

Significance in Agriculture 
India is the largest cultivator of rice by area along with this India is second largest rice producer and has 

second largest rice productivity.  Rice is the staple food of our country with millions of people dependent 

upon rice as its staple food. For producing so much quantity and quality of rice, we need large amount of 

water to meet the water demand of rice. Rice is grown in almost all the Indian states. In some states where 

rainfall is high rice is grown as rainfed crop, as an example, North East, East and Western Zone of India. 

In some states, such as, North Western plain zone, Central zone and Southern states such as Tamil Nadu, 

Andhra Pradesh and Telangana, receive lower rainfall annually and hence rice production is mainly 

dependent upon timely irrigation. If we use all our resources to its full potential, even then, only 50 per 

cent of our country can be brought under irrigation. Rest 50 per cent of our country will be dependent upon 

rainfall for agriculture and livestock.  

In recent years, due to rice cultivation, ground water in North Western plain zone is depleting to a 

dangerous level with 90 per cent of water requirement is met with ground water.  In North Western plain 

zone, which include, Punjab, Haryana, Western UP, Delhi and Northern Rajasthan, average annual 

rainfall is less than 1100 mm but evaporation from these areas is higher due to less humidity and higher 

aridity in the region. Along with this, North Western plain zone is last to receive monsoon rainfall in India 

in month of July and earliest to witness withdrawal on monsoon in September. This causes acute water 

scarcity in the region which is only fulfilled by ground water but since ground water is depleting, most of 

the agriculture in the region will come to halt as there will not be enough water to meet the water 
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requirement of crops. To make up this water requirement we need to take appropriate measures to provide 

lifesaving irrigation to crops during water stress. One such way of saving water is through rainwater 

harvesting by using community ponds.  

Such a concept is also being used in southern and eastern states in India where ponds are constructed and 

are being raised for fisheries. Fisheries is another source of income for farmers especially in states where 

fish is eaten widely by people such as in West Bengal. Initiative for fisheries is also being taken up by 

farmers in North Indian states such as Punjab and Jammu and Kashmir where local farmers have 

constructed artificial ponds in their or maintained their community ponds for fish raising. Benefits of such 

an initiative can result in an increased income of farmers, water conservation in terms of quality and 

quantity, maintaining aquatic ecosystem in ponds, removal of unwanted predators in the ponds and 

decreased water pollution. Along with this fish is a great source for protein in our diet. Several fish species 

are being grown such as catla (Catla catla), rohu labeo (Labeo rohita) and mrigal carp (Cirrhinus mrigala) 

in India. 

Concept of Community Ponds 
Rainfall in India is erratic and in recent years it is observed that rainfall intensity has increased within a 

small span of time. With increase in rainfall intensity, we have urbanization, concrete and compact surface 

which induce high runoff from the surface as soil becomes saturated within less time and decreases 

infiltration into the soil surface. Collecting this runoff water into a reservoir or into a community pond can 

help save rainwater to provide quantity and quality of irrigation water during summer season and during 

the time of monsoon deficit. This water can also be used for livestock and various other human purposes. 

To collect the rainwater under reservoir or pond we need proper drainage system and channels which direct 

the runoff into the same. Reservoir in particular must be constructed in low lying area. Ponds present in 

village or a community can be used for rainwater harvesting. For collecting water in reservoir or pond, 

optimum size of the catchment must be kept based on the usage of the pond for each individual and the 

population of village or community. The dimesions of such a pond can be maintained at less than 1000 sqm. 

with a depth of  200 cm for a population of 500 people in a community. The main requirement of the 

reservoir is a compact surface, for this we can add bentonite or asphalt in to the upper soil surface to 

decrease the infiltration of water into the soil. We can also use LDPE polythene film for lining of the ponds 

and reservoirs. For maintaining the rainwater quality, we need to clean the catchment regularly and see if 

no debris, leaves and moss could contaminate the water. For keeping the water clean, keep and harvest the 

fish into the reservoir or pond. We can also use charcoal for cleaning the water off its contaminants. Along 

with this we can grow Azolla which can be used as human and livestock feed and can help in water 

purification.  We can also disinfect the rainwater through solar heating, especially, for livestock and human 

consumption.  

Such a project was conducted by TERI (The Energy and Resouce Institute) in villages of Ludhiana and 

Patiala in Punjab and Alwar in Rajasthan. Where community ponds were rejuvenated and constructed 

with the help of the community for water conservation. An estimated water recharge of such ponds is 

estimated to be around 19,50,000 KL per year. 

 
Figure: Image of pond rejuvenation by community under TERI in Ludhiana, Punjab. (Source: 

https://www.teriin.org/project/water-conservation-through-rejuvenation-pond-participatory-

community-engagement) 
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Constraints 
Few of the constraints of rainwater harvesting are:  

1. Cost of construction and maintenance for individual farmers,  

2. Lack of active participation by community people and farmers,  

3. Indifferent approach by government,  

4. Lack of awareness,  

5. Lack of technical expertise and resources, 

6. Easy access and system in place for ground water which include subsidy over electricity provided by 

government for growing of crops by extracting ground water. 

Conclusion 
In India, all villages have at least one pond that just needs to be cleansed and maintained by local 

community and panchayat. Such an initiative can be cost effective and environmentally friendly. Pond 

water in villages is rarely used for irrigation purposes but with government and community initiatives, it 

will help farmers from each village have irrigation water available at the time of water scarcity. It is an 

essential effort towards conserving water, improving agriculture and fulfilling daily requirement of food 

and water for people of our respective states’ country. One community pond in very village and locality will 

decrease the pressure over our natural resources and help our communities to flourish and live a peaceful 

and healthy life. We must educate and make people aware regarding the upcoming water scarcity issues 

and how it will impact agriculture and our daily life and ask for their help and support under such a project. 
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The major function of soil is to provide enough food and ensure human health. Increasingly, there is an 

awareness of the direct link between soils and human health in terms of elements that enhance health 

such as N, P and zinc (Zn), and other elements such as cadmium (Cd) and arsenic (As) that are harmful to 

human health (Brevik and Burgess, 2013). Soil supports a huge diversity of life in the form of a dynamic 

ecosystem. Therefore, when the system is viewed as a whole, the concept of soil health, like that of human 

health, is not difficult to understand. Soil quality (health) is defined as the capacity of a soil to function, 

within ecosystem and land use boundaries, to sustain biological productivity, maintain environmental 

quality, and promote plant and animal health (Doran and Parkin, 1994). In essence, soil health and soil 

quality are synonymous terms. While the underlying idea is to manage soil in such a way that it continues 

to perform different required functions without degradation of the soil itself or negatively affecting the 

environment, there are definite complexities that make the idea of soil health difficult to grasp. According 

to Kibblewhite et al. (2008), a healthy agricultural soil is one that is capable of supporting the production 

of food and fibre to a level, and with a quality, sufficient to meet human requirements, and to continue to 

sustain those functions that are essential to maintain the quality of life for humans and the conservation 

of biodiversity. Soil health is an integrative property that reflects the capacity of soil to respond to 

agricultural intervention. Intrinsic in this concept is maintenance of soil quality and avoidance of processes 

such as erosion and nutrient mining that degrade the soil. In the process of growing crops, human 

interventions have altered all agricultural soils from their natural state (Lal, 2007). Earliest cultivation 

was achieved by essentially scratching the surface of the soil by hand implements in order to achieve a 

seedbed. Disturbance increased further with animal traction, and more drastically in the modern era by 

heavy machinery. In dry areas, irrigation represented another major external influence on soil. Every 

human intervention invariably represents major, and sometimes irrevocable, change in the nature and 

properties of the original soil. During the transition from native to cultivated land, the key issue is to 

minimize the negative effects of such changes. Indeed, the history of agriculture is replete with examples 

where civilizations waned or disappeared because of failure to minimize the impact of man on the soil 

resource. 

 

In the quest for enhancing yield and quality of food and fibre, agricultural management processes such as 

tillage and application of fertilizers are the major factors that influence agricultural soils and their 

properties. These practices and inputs supplement or substitute for biological functions that are considered 

inadequate or inefficient for achieving the required levels of production. It disturbs the natural functioning 

and may affect the output of other ecosystem services. For example, nutrient leakage from the soil–plant 

system may lead to degradation of surface waters and groundwater and pollute drinking water supplies. 

Similarly, fine seed-bed preparation may increase the risk of soil erosion and sediment transfer to streams, 
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or lead to rapid surface water runoff and increased flood risk. Thus, an essential component of sustainable 

agriculture, as embedded in the definition of soil health, is to balance the ecosystem functions in such a 

way that target of agricultural production is achieved without compromising other ecosystem functions 

with respect to both present and future needs. The major impact of inorganic fertilizers on the soil health 

system and ecosystem functions relates to their effect on primary productivity. Even when fertilizers are 

applied in somewhat excessive quantities, the effect is on process rates rather than any direct toxic effects. 

Despite it being a relatively small component of soil in terms of volume, the single most important soil 

property relating to soil health is SOM because it exerts profound influence on the soil’s chemical, physical, 

and biological properties. Following their introduction, the effectiveness of fertilizers for crop yields was 

immediately apparent. Initially, the most important indirect consequence of using inorganic fertilizers was 

a corresponding reduction in the relative amount of organic manure used. Factors that militated against 

animal manures included limited supplies and energy costs associated with use of manures in cropping 

systems, e.g., transport and application, in addition to variable quality and low nutrient contents. 

Subsequently, there was an increased interest in manures due to increasing supplies, and their perceived 

role in soil health as well as nutrient recycling. However, in several developing countries, particularly in 

Asia, crop production is relying more on fertilizers because of limited availability of animal manures and 

crop residues. Grazing practices, often in communal grazing, remove crop residues from the field; in some 

cases, such residues are burned to make way for the next crop.  

Soil health is also influenced by increased rate of decomposition of ‘low quality’ or high C:N ratio organic 

inputs and SOM when fertilizers are applied to the soil (Recous et al., 1995). Fertilizer application leads to 

enhancement of microbial decomposer activity, which has been previously limited by low nutrient 

concentrations in the organic materials, although in a few studies added inorganic N has had either a 

neutral or even an inhibitory effect on the decomposition of low-N plant materials (Hobbie, 2005). Long-

term use of fertilizers in crop production, however, leads to SOM accumulation (Ladha et al., 2011; Geiseller 

and Scow, 2014) and soil health improvement through addition of increasing amount of litter and root 

biomass to the soil. It suggests that the application of N fertilizer can have complex interactive effects on 

C transformations in the soil. 
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Ozone, a powerful oxidant, is effective against various kinds of microorganisms on fruits, vegetables, meat, 

grains and their products. The multi-functionality of ozone makes it a promising food processing agent. 

Excess ozone auto decomposes rapidly to produce oxygen and thus leaves no residues in foods from its 

decomposition. Ozone as an oxidant is used in water treatment, sanitizing, washing and disinfection of 

equipment, odoUr removal, and fruit, vegetable, meat and seafood processing. Dealing with the historical 

background Ozone was discovered and named by Schombien in 1840. In 1940 it was first used for the 

purpose of disinfection by U.S. water drinking plant. Then in July 1997, ozone gained the status of 

“generally recognized as safe” (GRAS) as a disinfectant for foods. However, interest in ozone has expanded 

in recent years in response to consumer demands for ‘greener’ food additives and the increasing acceptance 

that ozone is an environmentally friendly technology. And finally in 2001 Food and Drug Administration 

recommended it as safe to be used in food processing. 

Generation of Ozone 
It can be done by two ways: 

1. Corona discharge or plasma technique: In this method the feed gas passes between two closely 

spaced electrodes one of which is coated with a dielectric material separated by a dielectric medium in a 

narrow discharge cap. A power supply is used to produce an electric discharge across the medium and air 

gap. A normal potential of nearly 10KV is applied. When the anode is charged electrons will diffuse along 

the dielectric route to the cathode. As the electrons travel, they split oxygen molecule and ozone is 

generated. Dielectric medium used can be glass, ceramic, mica or quartz and this procedure of ozone 

generation is also known as silent electrical discharge procedure. 

2. U.V. Radiation or physic-chemical radiation: This mechanism is similar to the mechanism 

naturally occurring in atmosphere that is short wavelength U.V. radiation that dissociates O2 molecules 

and lead to the production of O3. In this method O3 can be directly produced in water using an electrolytic 

cell. Generally, mercury lamps are used for radiation of short wavelength of about 185nm that splits water 

molecule in O2 and H2 and convertsO2 to O3. But since this method gives very low output it is seldom used. 

The commercially used method of O3 generation is corona discharge technique only. 

Ozone forms true solution with water. The solubility of ozone in water is based on Henry’s law which states 

that a pressure applied to a vapor in equilibrium with a liquid is inversely proportional to the temperature. 

This means that at low temperature solubility of O3 in H2O will be higher & vice-versa. 

Now concentrating on the gaseous phase reaction rate of contaminants in gaseous phase is slower as 

compared to the aqueous phase so the O3 generated can be directly used for processing without phase 

conversion. 

Ozone Treatment Serves Following Main Purposes 
1. Disinfection: Ozone has been demonstrated as the most effective biocide or disinfecting agent  with 

significantly increased lethality. Ozone is 3000 times more powerful than chlorine and requires low 

concentration as well as contact time. E.coli is inactivated in just 15 seconds at 0.1mg ozone concentration 

per liter and in case exposure is given then it takes about 1 second to bring about 3 log reduction in E.coli 

population. The mechanism of action of ozone by directly attacking the bacterial cell wall brings about an 
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immediate kill of the pathogens. Ozone has been found to be very effective against Giardia and 

Gysptosporidium that are most difficult to eradicate. 

2. Oxidation of ethylene: During ozone exposure plant cells attempt to maintain a constant redox 

potential in pathogen’s cell. This results in an increase in the concentration of antioxidant enzymes and 

compounds that play a major role in the defence system of plants  against oxidative stress and the ethylene 

that is also known as a ripening hormone or stress hormone, its formation is prevented by ozone thus 

retarding ripening and further spoilage by microorganisms. 

3. Action of Ozone during storage: Ozone exerts a threefold effect during storage that is it destroys the 

microorganisms, oxidizes the odour and affects further metabolic processes. It makes the food surface free 

of mould growth and if there is an increase in the moisture content during storage it will further increase 

the germicidal effect of the ozone. 

Advantages of Ozone Treatment 
1. It has high antimicrobial activity. 

2. There is no residual problem in ozone as it gets completely utilized. 

3. No heat is required for ozonation. 

4. And most importantly it is an eco-friendly technology. 

Little cost analysis has been done yet, but based on initial activity in the industry, ozone technology may 

be economically competitive with other disinfecting processes. Upfront costs are similar for ozone and 

conventional washing systems, for example, but they are significantly lower than for others such as 

irradiation. Cost factors for chlorine-based systems, such as transportation and storage of the gas, may 

offset higher onsite costs for ozone gas production. Consumer preferences may offer some insight about the 

acceptance of new products. The wide-ranging possibilities for using ozone in the food industry and 

agriculture as well as in other fields, are created similarly by its bacterial and germ-killing power. Not only 

does it act as a germicide but as a spore killing agent as well. Fruits, foodstuffs, etc., exposed to its effect, 

undergo a more or less pronounced change as a consequence of its action on the vital process of cells, the 

process of their metabolism particularly, through the inactivation of their metabolic products. At the same 

time, it reacts with other materials present that can be oxidized and thereby it destroys fragrances and 

odors. 

The disinfecting ability of ozone is evidenced by its generally accepted use in treating water supplies in the 

U.S. and Europe, where the first commercial application of ozone to cleanse drinking water was in France 

in 1906. However, disinfecting food with ozone has emerged recently, Since the of ozone technology in food 

processing industry is dependent upon its economic competitiveness with existing and emerging 

technologies that sanitize food, proper safeguards in its use to assure worker safety, as well as its 

effectiveness in enhancing food safety and therefore more research insights is needed in this field. 
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Introduction 
The word “extrudate” has originated from Latin words “ex” meaning out and “trudere” meaning to thrust 

(Tadmor and Klein, 1970).Extrusion technology has been evidently spotted since the time of Archimedes, 

a great Greek philosopher used single screw in cylindrical open channel to pump water (Ramachandra and 

Thejaswini, 2015). Application of extrusion in food science started in 1870s when it was used to make 

sausages. In 1930s, single screw extruder was developed and used to mix flour and water for making pasta 

products. Subsequently in mid 1950s, first patent was filed on twin- screw extrusion technology (Choton et 

al., 2020). Extrusion technology application in food technology has grown since then and now it has been 

advanced and practically applied in making various product manufacturing. It involves forcing food 

materials under a variety of unit operations such as kneading, melting and forcing through an orifice (die) 

which provides a specific shape and/or expand the material. Significance of extrusion cooking is that it 

yields a diverse range of products from inexpensive raw materials in minimal processing time (Akhtar et 

al., 2015). 

Principle and Working of Extrusion 
Food extrusion is a method of mixing, homogenizing and shaping low or high moisture foods into 

intermediate or finished products by forcefully passing them through a die. It is a high temperature short 

time cooking process which involves many other unit operations such as conveying, kneading, heating, 

mixing and forming in a single unit. In the process of extrusion intensive energy at a pressure is applied to 

food ingredients  within a short period of time to form dough (Adekola, 2014). Raw material is first fed in 

the extruder barrel and the screw, subsequently food is conveyed along it. In the barrel, smaller flights 

restrict the volume and increases the resistance to movement of the food. Consequently, barrel and spaces 

between flights are filled and  compressed. Further, the screw along the barrel kneads the material into 

semi-liquid and plasticized mass. Frictional heat and additional heat cause a rapid rise in the temperature. 

The food is heated above 100 ºC and is known as hot extrusion. Food is then passed to other section within 

the barrel where pressure and shearing is increased. At the end, food is forced through one or more than 

one dies at the discharge end where food emerges under pressure from die and expands to desired final 

shape. Rapid cooling in the product is observed as moisture is flashed off as steam. Various shapes can be 

formed like rods, tubes, squirls or shells (Bordoloi and Ganguly, 2014). 

Basics of Extrusion 
Extruder is an equipment which is used in extrusion cooking. All the unit operations occur simultaneously 

in the extruder Various unit operations such as  mixing or homogenization, shearing, starch gelatinization, 

protein denaturation, texturization, enzyme inactivation, thermal cooking, pasteurization, dehydration, 

shaping and size reduction (Akhtar et al., 2015). 

Extruders Basically have Five Main Parts 
1. Pre-conditioning system: It is done by water steam. It is done when the moisture content is around 

20-30% and long residence time is to be used. This system favours uniform hydration, increases throughput, 

reduces energy cost and reduces retention time.  

2. Feeding system: This section ensures feed reception and conveyance to the screw.   

3. Screw or worm: It conveys material into barrel. The product is sheared and compressed to finally covert 

into viscous dough. 
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4. Barrel or sleeves: This is divided into feeding, kneading and sleeves. Sleeves are jacketed for 

facilitating the circulation of steam, super-heated steam oil (heating), water or air (cooling) to maintain the 

temperature in the extruder.  

5. Die and the cutting mechanism: Die is responsible for providing desired shape to the product and 

provide material flow resistance enabling pressure rise inside the extruder. Cutting mechanism facilitates 

uniform size of the final product which is determined by the speed of rotation of cutting blades. 

 
Fig. 1 Diagrammatic representation of single-screw extruder 

Types of Extruder 
1. Based on construction method: 

a. Single screw extruder: This type of extruder consists of a single rotating screw in the barrel. 

It contains  single rotating screw in a metal barrel. It comes in varying patterns and have constant 

pitch.  

b. Twin screw extruder: Twin screw extruder consists of two equal length screws parallelly 

arranged and rotating within the same barrel. Barrel’s internal surface is smooth. Although, the 

design of twin-screw extruder is more complex but it provides better control and more flexibility. 

These types of extruders are generally used for products with high fibre, fats, high moisture etc 

(Maurya and Said, 2014). 

2. Based on operational method: 

a. Cold Extruders: It is used to first mix and then shape the dough eliminating direct heating or 

cooking in the extruder. It is applied in making pasta products. 

b. Hot Extruders: It thermo-mechanically transforms material under pressure in short time at high 

temperature. It is manly used to make products like ready-to-eat breakfast cereals, snacks etc. 

Effect of Extrusion Process on Quality Attributes 
1. Changes in physical parameters: Maillard reaction may contribute to change in colour of the product 

at high temperature. High barrel temperature and low moisture feeds favors Millard reaction and also 

reduces lysine availability (Camire, 2000).  

2. Carbohydrate: Starch granules experience gelatinization, fragmentation and melting depending upon 

the extent of temperature, pressure, moisture content and shearing force. It is noticed that extrusion 

process can lead to loss in sugar content which may be due to inversion of sucrose to glucose and fructose 

and some losses due to maillard reactions with proteins. However, destruction of flatulence-causing 

oligosaccharides enhances the nutritional properties of extruded products from legumes products (Singh et 

al., 2007). 

3. Protein: Variation in shear forces due to change in the screw speed alters the nutritional content of the 

proteinaceous materials. It is observed that chemical bonding such as hydrophobic interactions, disulfide 

bonds, hydrogen bonds and their interaction together holds protein extrudate structure regardless of the 

moisture level and location in the extruder. Protein denaturation due to high temperature in extrusion 
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cooking inactivates antinutritional factors like lectins, antitrypsin factors etc. and also improve the 

digestibility.  Undesirable volatile compounds and bitter taste are removed due to extrusion of soy proteins. 

Lysine bioavailability is reduced due to very high drying (Singh et al., 2007). 

4. Lipids: Effect of extrusion on lipid properties depends upon amount of product, type of product, 

hydrophilic-lipophilic balance of lipids and materials being extruded. This is mainly due to binding pattern 

between lipid and starch. As a result of the high temperature lipase and lipoxygenase activity is reduced 

which decreases chances of free fatty acid development and their oxidation (Agarwal and Chauhan, 2019). 

5. Minerals and Vitamins: Extrusion cooking affect the vitamin stability in the product. Low moisture 

feed and high temperature leads to loss of Vitamin C. It was reported that extrudate made through short 

barrel extruder had high Vitamin B group retention rate i.e., 44- 62 % in comparison to 20% in long barrel 

extruder.  

6. Dietary fiber: Dietary fiber have many health benefits such as cholesterol level reduction, 

hyperlipidemia reduction, hypertension control and maintenance of gastrointestinal health. When 

extrusion technology was used in orange pomace, increase in soluble dietary fiber was observed due to 

redistribution of insoluble dietary fiber to soluble dietary fiber because of cell wall structure modification 

during extrusion which results in degradation of insoluble dietary fiber (Huang and Ma, 2016). 

Pros and Cons of Extrusion Technology 
Extrusion technology leads to wide variety in the products by changing the operating conditions, dies and 

raw material. It is a very cost-effective continuous process and has high productivity in comparison to other 

cooking and forming process. Since, the process is high temperature short time process, heat labile 

compound loss from the food can be lowered and hence product so observed is of superior quality (Fellow, 

2000). Being a low- moisture process, this method does not produce much of the effluent and hence is an 

environment friendly method. Extrusion technology involves low moisture operating conditions hence, heat 

requirement for cooking and redrying after cooking is reduce which makes it an energy efficient method 

(Harper, 1981). Expansion in excessive heat leads to fading of product color. Non-enzymatic browning and 

caramelization happens due to high temperature and low moisture conditions. Nutritional characteristics 

of food material that contain protein and reducing sugars get deteriorated at high temperature. 

Application of Extrusion Technology 
Extrusion technology can be used to make diverse products even just by changing minor or major raw 

material, by altering the processing conditions and by changing the assembly of the extruder like different 

types of dies to male products of different shapes. Following raw materials can be used to make products 

differing in texture, color and shape.  

1. Cereals as raw material for extruded products: Cereals are the staple food group which provides 

energy more than any other food group. Most of the cereals have similarity in composition as all of them 

are high in carbohydrate content and low in protein content. Breakfast cereals are usually found 

commercially in two forms: Breakfast cereals are available in two types: hot cereals (traditional cereals) 

and ready-to-eat coldcereals. To reduce time of preparation at home, breakfast technologies have moved 

from grain milling technologies which require cooking to making ready to eat extruded products which is 

convenient and easy. These ready to eat cereals just cooked or modified by flaking, puffing, shredding, 

toasting or extruding. Wheat bran along with plant proteins produces breakfast cereals and expanded 

snacks with improved nutritional value. Ready to eat cereal- based extruded products have high demand 

as they can be conveniently processed, self- stability and quick preparation time. Ready to eat extruded 

products can be divided on the basis of form such as extruded shredded cereals, extruded puffed cereals, 

extruded flaked cereals, directly expanded and granola cereals. In Ready to eat cereal formulations, the 

main ingredient is the grain. Extruded products may be processed from flour, whole grain or grain fractions. 

Extruded flakes can be manufactured by kneading the ingredients and extruding them through an orifice 

and cutting the dough in specific size pellets (Neulicht and Shular, 1995).  

2. Roots and tubers: They are good source of carbohydrates. Most important root and tuber crops are 

potato (Solanum spp.),sweet potato (Ipomoea batatas L.), (Manihot esculenta Crantz),cocoyams (Colocasia 

spp. and Xanthosoma sagittifolium) and yam (Dioscorea spp.). Among these cassava and potato are the 
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most exploited crops for extruded product manufacturing. Diced tubers are tempered, cooked and then 

dried to produce granules. Flours from roots and tubers when extruded give rise to a wide range of snack 

products and pre-gelatinized flours facilitating utilization of the crops in an economic way. 

3. Pulses and oilseeds: Major pulses being exploited for extrusion include dry bean (Phaseolus spp.), 

pigeon pea (Cajanus cajan), dry broad beans (Vicia faba), dry peas (Pisum spp.), dry cowpea (Vigna 

unguiculata), lentils (Lens culinaris), chickpea/Garbazo (Cicer arietinum) and bambara groundnut (Vigna 

subterranean). Albumins and globulins are the major proteins found in legumes. Ready to eat snacks and 

pasta have been prepared from mix of legume flours, starches and cereal flours. Legume flours enhances 

flavour and nutritional characteristics of the product. 

4. Fruits and vegetables: Vegetables and fruits portions have been included in the formulation of 

extrusion products. Most of the fruit and vegetable fractions which have been used are in pomace form. 

Pomace is a great source of dietary fiber and many beneficial compounds like anthocyanins, flavonoids and 

carotenoids. Natural fruits if incorporated in the breakfast cereals and ready to eat snacks impart good 

colour and healthy benefits. Such products attract consumer as a healthy source of nutrition and hence 

fetch good prices in the market (Karkle et al., 2009).  

5. Animal products: Animal products are also paving their way towards application in extrusion 

technology. Various animal products such as minced fish and fish pastes, egg proteins, meat, egg white 

powder, milk powder and cheese being excellent source of protein can be good raw material in extruded 

products. Additional of these material in the extruded product enhances nutritional value, generates 

flavour, enables new and diversified product range. These attain a shelf life of 4-6 months with adequate 

and proper packaging. 

Conclusion and Future Prospects 
Extrusion technology have been established as a great tool for utilization of diverse group of raw material 

for making wide range of products. Fruits and vegetables, cereals, roots and tubers have evolved as basic 

and important raw material in extruded products. Extrusion technology has totally changed the perspective 

of breakfast. Not only has it provided options for breakfast and cereals but an approach for the utilization 

of perishable raw materials. However, research needs to be done more to form products with retained 

colour, low maillard reactions and reduction of nutrient loss. 
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Introduction 
Rice (Oryza sativa L.) is globally well known due to its caloric and nutritional values (Nayak et al., 2020). 

Rice is the staple food for half of the global population.  It is mostly popular in Asian countries. India tops 

the chart in terms of rice area (43.79 million ha) in the world with production of 112.91 million tonnes and 

productivity of 2.58 t/ha in 2017-18 (Govt. of India, 2018). Rice grain quality is an important criterion which 

decides market value, attracts the consumers and makes rice production a profitable one for the farmers. 

For ensuring optimum rice grain quality, several post-harvest operations are required to be performed with 

utmost care. Delay or improper execution of any of them, can cause post-harvest rice grain loss and 

disparity between demand and supply. 

Post-Harvest Operations 
The major post-harvest operations in rice grains are mentioned below: 

Threshing: It is the process of removal of grains from straw or harvested rice plants. Before threshing, 

moisture content of straw is dried on the field. Threshing is done manually by beating against 

metal/wooden/bamboo frame or concrete floor. 2-3 beatings are sufficient to separate grains from each straw 

bundle. Care should be taken to avoid heavy handed beating which can cause grain cracking. Besides, 

threshing is done by bullock trampling, rubbing with human feet. Threshing can also be done mechanically. 

Pedal thresher is used for threshing. Now-a-days, combined harvesters are also used for threshing. For 

large scale rice cultivation, powder driven stationary thresher is used. Wide plastic sheets should be used 

to collect threshed grains. Threshing should be done on time preferably on the day of harvesting to avoid 

grain germination, grain yellowing, shattering loss of grain etc. 

Drying: It is done to reduce moisture content from the grains before milling and storage. Drying is 

important for better head rice recovery during milling and for maintenance of quality and longevity of 

grains during storage through reduction of biological respiration. Drying is done through spreading grain 

over concrete floor, mats, plastic sheets or bare ground under the sun (sun drying) or mechanically using 

dryer (through heated or natural air to reduce grain moisture) or through spraying chemicals (for instance, 

spraying common salt solution over paddy grains to reduce moisture content to half). 

For sun drying, grains are spread over plastic sheet at 4-5 cm thickness, followed by turning over with rake 

or hand/feet at every 30 minutes. Drying under shade is recommended to protect the grain from direct 

impacts from sunlight, rainfall and winds. During drying, surface temperature of the grains should be 

below 36°C. 

Mechanical drying is preferable over sun drying as mechanical drying requires less space and makes better 

quality and pure grains (no contamination by dust/foreign materials or loss through animals, wind or 

vehicles) without any dependence on weather. Delay in drying, lack of proper handling of dryer, improper 

temperature, air flow etc cause post-harvest losses in rice grains.  

Cleaning: Cleaning/winnowing is the process of removal of straw chaff, foreign particles, brokens, dirt, 

dust, immature/empty grains, sand, small stones, metal, chemical debris, straw, weed or other seeds 

admixture etc to increase milling efficiency, to reduce obstruction to machine and to decrease post-harvest 

grain loss. It is done through winnowing tray or mechanically through winnower, oscillating sieves and 

aspirator. 

Parboiling: Parboiling is a hydrothermal treatment applied to rough rice before milling to improve 

milling, nutritional and cooking qualities and longevity. It is done to soften outer layer and harden inner 
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layer of grain. Parboiling is a popular post-harvest operation practiced in India (Parboiling of 60% of total 

rice produced in India). It is done through soaking, steaming and drying. Parboiling is done once or 

sometime twice to ensure required quality. 
a. Single parboiling: Soaking of rough rice -------→Steaming for 20-30 minutes -------→Sun drying 
b. Double parboiling: Steaming of rough rice -------→Soaking in cold water for 24-36 hours -------
→Steaming again for half an hour -------→Sun drying. 

Hulling: It is the removal of husk from the grain (rough rice) to achieve brown rice. Hulling is done either 

manually using mortar-pestle, Dhenki, Chakki (hand stone) or mechanically using huller/sheller. Before 

hulling, grains are cleaned using winnowing device or through blowing air to remove debris.  Through 

hulling, 80-90% hulls are removed. Stone reel is used to separate hulls and grains. After hulling, grains 

are taken to machine which through shaking separate hulled grains from unhulled grains. Unhulled grains 

are taken along with next batch of rough rice in to the hulling machine for hulling. 

Milling: Milling is a process of removal of bran from grain to obtain white rice for human consumption. 

Milling is done either manually or using power driven machine. Manual milling using Dhenki, Chakki, 

mortar-pestle provides nutritionally richer grain as compared to mechanically milled grains. Losses during 

milling occur due to poor handling, machine inefficiency etc. 

Grading: Rice is graded visually based on the brokens, head rice, defectives, foreign matter, presence of 

paddy husk, whiteness, chalkiness, moisture content etc. 

Hulling %, milling %, head rice recovery, head yield % are expressed as: 

a. Hulling (%) = (Total brown rice/ Total rough rice) × 100. 

b. Milling (%) = (Total milled rice/ Total rough rice) × 100. 

c. Head rice recovery (%) = (Total head rice/Total rough rice) × 100. 

d. Head yield (%) = (Head rice recovery/ Milling recovery) × 100. 

Storage: Rice is finally stored in bags or containers or in bulk for protection against weather, pest etc for 

future use and to uniformly supply throughout the year or to supply in lean periods. Storage is done at 

producer’s level, trader’s level and organizational level. Care should be taken inside the storage to avoid 

grain discoloration, loss of nutritional properties, aroma etc due to weather conditions, insect/disease 

infestations and poor physical handling. 

Moisture content of the grains must be less than 14% for storage. Bags should be laid on rack 20 cm above 

the floor to avoid damping. If moisture content of grains inside the bag is high, mouth of the bag should be 

opened to release heat and vapour. Spreading of grains on plastic sheet is done for room drying. 

Pest Control Inside Storage 
Rodents, birds, termites, moulds, human beings are the most common pests of stored grains. Besides, some 

key stored rice grain pests are rice weevil (Sitophilus oryzae), khapra beetle (Trogoderma granarium), 

paddy borer beetle (Rhyzopertha dominica), grain moth (Sitotroga cerealella), saw toothed grain beetle 

(Oryzaephilus surinamensis),  rice moth (Corcyra cephalonica),  warehouse moth (Ephestia cautella) etc. 

Besides, stored rice grains can be infested by fungi species of Aspergillus and Penicillium. 

For better pest control, biological, cultural, chemical etc measurement approaches either alone or in an 

integrated way (Integrated pest management or IPM) are used. Few pest management options are 

presented below: 

1. Harvesting and threshing on time and proper drying for reduction of moisture content of rice grain before 

storage 

2. Adequate cleaning of grains before storage to remove any kind of pest and disease infestations 

3. Use of fumigants, insecticides, fungicides, rodenticides, traps etc 

4. Use of containers or packaging materials or storage floor etc free from any contamination 

5. Thermal or chemical disinfections inside the storage 

6. Use of parasites, predators, pheromones as biological control option 

7. Use of bags, plastic sheets, storage structures etc suitable for prevention of pests. 

8. Inspection, monitoring, security inside and around the storage etc to evaluate pest attack and to 

implement ideal measurements options. 
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Value Addition 
Value addition refers some manufacturing processes which increase value of primary agricultural 

commodity (i.e., rice) (Patil et al., 2018). The value may be seen in terms of money, quality (cooking, eating, 

nutritional and marketing qualities), consumers’ choice etc. Several value-added products of rice are boiled 

rice, parched rice, puffed rice, popped rice, flaked rice, popped paddy, liquid glucose from broken rice, rice 

starch, rice flour, cakes/bread, cookies, vermicelli, rice noodles, cosmetics, rice milk, snacks, papad/crackers, 

baby foods, rice bran oil, baked goods, breakfast cereal, ready mix cooking dishes, fermented beverages, 

semolina, sweets, desserts etc. 

Conclusion 
Proper care during post-harvest operations leads to better rice grain quality and market value which not 

only help the farmers to get a profitable production but also satisfy consumers’ choices.  Conversely, poor 

handling of rice after its harvest leads to qualitative and quantitative losses in rice production. Therefore, 

post-harvest operations in rice grains deserve equal importance or attention as given when crop is on the 

field from the farmers. However, ease of access of machinery or suitable technologies regarding the post- 

harvest operations in rice grains is still the needful for the farmers of many areas and addressing this issue 

in coming days, can ensure ideal rice grain quality after its harvest. 
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Introduction 
Indian oak tasar silk is produced by non-mulberry silkworm, Antheraea poroylei. The oak tasar silkworm 

is a temperate species feeds on different species of the leaves of oak tree Quercus species found only in the 

states of Arunachal Pradesh, Assam, Himachal Pradesh, Jammu and Kashmir, Manipur, Meghalya, 

Nagaland and Uttarkhand, is an important source of oak tasar silk, a rough and coarse silk usually with 

natural shades of beige. Recently, the oak tasar cocoon production was drastically reduced due to certain 

virulent disease in oak tasar silkworms. The infection led to the significant mortality of the batches of oak 

tasar silkworms and the damage caused by this disease decreases cocoon crop production up to 80%. Some 

of the diseases transmitted through mother moth. Therefore, it is very essential to avoid the transmission 

of disease during grainage activities itself. The seed sector is important for the development of the silk 

industry. A Grainage activity usually takes place during January/February for preponed spring crop, April 

for spring crop and in August for autumn crop. Quality of oak tasar seed and efficiency of grainage depend 

on the quality of the cocoons, selection of healthy seed cocoon, effective microscopic examination and 

production of dfl’s. 

Grainage (Seed Production) Techniques in Oak Tasar 
1. Cocoons harvested during Spring/summer/monsoon and autumn were kept in the form of garland in 

hanging condition in preservation room at high altitude area. 

2. Select the cocoons for grainage activities based on size, type, weight, hardness etc. 

3. Cocoon weight between 6 to 10 grms to be selected for grainage activities. 

4. During selection care to be taken to maintain ratio of male and female will be approximately equal. 

5. Test the pupa before start of grainage activities to ensure disease free layings. 

6. Selected seed cocoons must be exposed to Hygro-photo-thermic treatment (i.e. Humidity 75-80%, 

photoperiod 16-17 hours using 40 watt Tube Light and Temperature 25 ± 2o C ) for diapauses termination. 

7. To enhance the coupling, retain 30% male cocoons for 10 days at normal room temperature and re-

consign them later for synchronizing with emergence of female moths. It results in maximum coupling up 

to 98 %. 

8. Provide resting period of 2 to 4 hours to the moths after their emergence and allow 10 hours coupling 

period. It increases the fecundity up to 179 in spring and 223 in autumn crop with higher hatching of 85 

and 90 %, respectively. 

9. After de-coupling, place the female moths in small paper box of size Lenght-3.5’’, Width-4.5’’ and Height-

2.5’’ (Inch) for oviposition. It yields higher fecundity. 

10. After cleaning of eggs with soap solution, disinfect them by treating in a mixture of equal volume of 

Hydrochloric Acid (3%) and Formaldehyde (3%) or Hydrochloric Acid (3%) and Sodium hypochlorite (3%) 

solution. 

11. To delay the hatching, preserve the dfl’s at 4-6oC for 20 days. 

12. Regular cleaning and disinfection of grainage and egg laying room by lime and bleaching powder 

solution is must before, during and after grainage activities. 

Schedule of Grainage (Seed Production) Activities Based on Rearing Season 
Sl. No. Rearing season  Grainage timing  Activities 

1. Pre-poned crop (Early 

spring) 

January-February Selected seed cocoons must be 

exposed to Hygro-photo-thermic 
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treatment. Moth emergence will 

start after 20 days 

2. Spring crop  February-March Selected seed cocoons must be 

exposed to Hygro-photo-thermic 

treatment. Moth emergence will 

start after 20 days 

3. Late spring/rainy 

season  

April  Selected seed cocoons must be 

exposed to natural temperature and 

humidity. Moth emergence will 

start after 10 days 

Reference 
1. Mishra P.N., Sinha B.R., Chakravorti S., Khan M.A, Ramakant and Khroo V.K., (2004). Oak  

2. tasar culture and its prospects for future development in North West Himalayas. Proc. National workshop on Potential 

strategies for sustainable development of Vanya silks in  

3. Himalayan States. 

4. Tasar technology compendium: Tropical and temperate tasar culture (2018). Temperate tasar  

5. silkworm seed production:27-28. 

Procedure or Steps in Grainage (Seed Production) Activities 

   
1. Garlanding of cocoon/ 

Preservation 
2. Female moth 3. Male moth 

   

4.Coupling of moths 5. Single moth laying 6. Collection of egg 

   

7. Microscopic examination 
of mother moth 

8. Egg washing 9. Drying of eggs under 
shade 
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Introduction 
The global population is increasing every day. Aquaculture is a major food business with the potential to 

serve the growing population. Therefore, it is necessary to scale up and expand aquaculture activities, as 

feed is the costliest input into aquaculture. Consequently, only 20-30% of feed used in aquaculture is 

assimilated by organisms, with the remainder accumulating as waste. In an enclosed system, the 

accumulated waste contains NH4
+ -N and/or NO2–N, which are toxic to the culture animals. By 

manipulating the C/N ratio with biofloc technology, these toxic wastes can be efficiently converted into 

valuable nutrients. So, in order to maximize production, it is necessary to reduce feeding costs. 

Aquaculture, however, is hindered by the lack of water and land. Therefore, there is an immediate need 

and demand for new sustainable technologies and the solution to those problems is biofloc technology. 

An Innovative Technology 
Biofloc technology has become more popular because it allows for high fish density with little or no water 

exchange, instead of relying on aeration and agitation of water to create aggregations of aerobic biota and 

microbial flocs heterotrophs (i.e., bacteria, microalgae, protozoa, rotifers, feces, food remains and dead 

animals) (Avnimelech, 2007; De Schryver et. al., 2008). Bioflocs systems improve water quality by 

producing value-added protein microbes for aquatic organisms. By recycling nutrients, food scraps and fish 

waste, this technology was used in aquaculture to reduce feed costs and ammonia into the system. 

Microbes and their Role in Biofloc System 
Green water biofloc systems are biofloc systems that are exposed to natural light. A complex mixture of 

algal and bacterial processes controls the water quality in such systems. Brown water biofloc systems 

operate in enclosed buildings where natural light is not available and bacterial processes controls the water 

quality. Photo-autotrophic microbes, such as algae, and heterotropic microbes, like ciliates, nematodes, 

bacteria, rotifers and protozoans are usually linked with flocs (De Schryver et. al., 2008). The 

microbiological community is highly significant in the biofloc system. This approach is based on the 

production of micro-organisms in situ, which serves as three major functions:  

1. Water quality is sustained by the uptake of nitrogen compounds generating in situ microbial protein. 

2. Nutrition, growing culture feasibility by reducing feed conversion ratio (FCR) and a reduction in feed 

costs. 

3. Pathogen competition. 

Reasons to Maintain C/N Ratio 
The maintenance of the C/N ratio is critical for controlling organic nitrogen accumulation and the 

production of microbial communities in water (Emerenciano et. al., 2017). When the C:N ratio is high 

enough to produce bacterial cells, inorganic nitrogen is converted into organic nitrogen. To reduce the need 

for artificial feed, the practise of increasing C: N ratios greater than 10:1 by utilising various low-cost 

carbon sources that are locally available is common in biofloc waters (Crab et. al., 2010). Aside from 

lowering feed costs, using biofloc components reduces the amount of protein in the feed.  

The heterotrophic bacteria are in charge of capturing nitrogenous compounds released by fish and utilising 

them in their growth, thereby eliminating ammonium and nitrite toxicity (Azim and Little, 2008). Thus, 

the microbial protein produced in the system is consumed by cultured species as part of their diet, and the 
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nitrogen content of the system is assimilated by the cultured species. The diversity of microbes associated 

with biofloc is determined by the carbon source and the cultured species. 

Potentiality of Biofloc 
This technology is zero water exchange oriented, which means that water exchange is not required in the 

culture ponds; thus, less water input is required, which is not only economical for farmers, but it will also 

minimise pathogenic entry of animals through water and certify for more biosecurity in the fish culture. It 

also guarantees fewer environmental impacts and footprints. (Wasielesky et. al., 2006). This technology 

enables animals to be reared at a higher stocking density while using effective feed management (Crab et. 

al., 2010). 

Benefits of Biofloc Culture System 
1. It reduces environmental impact (Reduces water pollution and the risk of introduction and spread of 

pathogens) 

2. Improves land and water use efficiency 

3. Limited or zero water exchange and higher biosecurity 

4. Higher efficiency (It strengthen survival rate, growth performance, feed conversion in the culture 

systems) 

5. Low outlay feed production and an environmentally friendly culture system 

6. Reduction in the usage of protein rich feed and price of standard feed. 

Disadvantages of Biofloc Technology 
1. Increased energy requirement for mixing and aeration. 

2. Diminish feedback time because water respiration rates are enlarged. 

3. Start-up period required. 

4. Increased pollution potential from nitrate accumulation. 

5. Inconsistent and seasonal performance for sunlight-exposed systems. 

Conclusion 
Microbes play an important role in biofloc systems. It is associated with floc after consumption, which helps 

to improve digestion, reduces FCR, and heterotrophic bacteria, which together with probiotic bacteria, 

inhibit the development of potential pathogen bacteria. Furthermore, the use of biofloc technology improves 

various aspects of culture, such as higher growth rates, increased survival, improved water quality, reduced 

water usage, and disease reduction. Thus, microorganisms play an important role in biofloc systems; 

therefore, more research into the identification of microbes that can be found in biofloc systems is required. 
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Preface 
In recent years, the adoption of digital technologies in precision agriculture has been adjusting the ways in 

which ranchers treat crops and manage fields. One doesn’t have to be an expert to see how the technology 

has changed the concept of farming making it more productive, profitable, effective, secure, and simple. 

Among other technologies, ranchers have picked six they deem to be the best: 

Consequently, modern ranches get huge advantages from the ever-evolving digital agriculture. These 

advantages include reduced consumption of water, nutrients, and fertilizer, reduced undesirable impact on 

the surrounding ecosystem, reduced chemical runoff into local groundwater and rivers, better proficiency, 

scaled down costs, and many more. In that way, business becomes profitable, keen, and sustainable. Let’s 

discuss some of these agricultural technologies. 

GIS and GPS: Based Agriculture 
Meanwhile ranches are location-based, GIS (Geographic information system) software turn into an 

incredibly useful device in terms of precision farming. While using GIS software, ranchers can map current 

and future changes in precipitation, temperature, crop yields, plant health, and so on. It additionally 

empowers the utilization of GPS (Global Positioning System) based applications in accordance of savvy 

apparatus to optimize fertilizer and pesticide application; given that ranchers don’t need to treat the whole 

ranch, yet just arrangement with specific site, they can accomplish protection of cash, exertion, and time. 

Another prodigious advantage of GIS-based agriculture is the application of satellites and drones to 

assemble valuable data on vegetation, soil conditions, climate, and terrain from a bird’s-eye view. Such 

data significantly improves the exactness of judgement-making. 

Satellite Imagery: Based Data 
Forecasting yields, as well as leading almost real-time field monitoring, with a view to recognise a variety 

of intimidations with satellite data in provision has never been so natural. The sensors can give imagery 

in several spectra, permitting for the application of numerous spectral indices, for example the Normalized 

1. GIS Software and GPS 
Agriculture 2. Satellite Imagery Data 3. Drone and other aerial imagery

4. Robotic efforts 5. Farming software and online data 5. Merging datasets



 

 
Volume 3 - Issue 6 - June 2021       278 | P a g e  
 

Difference Vegetation Index (NDVI). NDVI permits for the recognition of vegetation content, the number 

of wilting plants, and overall plant strength. Next is the Canopy Chlorophyll Content Index (CCCI) that 

services with nutrient application. Before, the Normalized Difference Red Edge (NDRE) perceives Nitrogen 

content. And finally, the Altered Soil-Adjusted Vegetation Index (MSAVI) is intended to diminish soil 

foundation sway at the earliest developmental phases of plants; the list goes on. 

Drones: Based Data 
With the help of drones’ ranchers have a chance to describe crop biomass, plant growth, the presence of 

weeds, and water immersion on certain field regions with high precision. They convey better and precise 

information with higher resolution in comparison to satellites. When they are locally operated, they provide 

significant data considerably quicker than scouts. Drones are also considered to be unrivalled aides in the 

battle against insects; the invasion is prevented by applying the insecticide on the hazard areas using 

drones, all while reducing the likelihood of direct contact leading to chemical poisoning. Regardless of the 

way that drones are not difficult to handle and are capable of collecting large quantities of data within 

short time frames, there are still challenges when utilizing them consistently as they don’t come low-priced. 

Drones are almost helpless where mapping or monitoring of large zones is required, and it is smarter to 

implement the technology with satellite monitoring among already mapped zones, where explicit zones 

should be cross-checked. 

Robot: Based Agriculture 
Robotics is an increasingly key part of that scientific stable. Robots pick apples, gather strawberries, 

harvest lettuce and strip away weeds. Robotic greenhouses are sprouting up thousands of miles away from 

traditional ranch land regions, growing vegetables in the backyards of high-consumption urban markets. 

This all comes at a time when producers face an extreme, long-term labour shortage and the worldwide 

population is expected to grow from 7.7 billion to 9.7 billion in 30 years, resulting in a significant increase 

in food demand there is a possibility. 

Farming Software: Online Based Data (The Key to Precision Farming) 
To simplify field observation, EOS has designed Crop Monitoring – a digital Platform that employs satellite 

monitoring in direction to speed up a rancher’s decision-making so that he does not failure a critical point 

of field treatment. Here are some of the features available in the platform: 

1. Tracking crop health: This index monitors the amount of chlorophyll in plants which makes it possible 

to get information about their condition. When you have higher NDVI values, you have healthier 

vegetation, since the more chlorophyll available to the plant, the healthier it is. 

2. Scouting app: It is both a mobile and desktop app that employs digital field maps. While using this 

app, a rancher is able to allocate multiple tasks to scouts in few clicks. Add a farm site, drop a pin, set a 

task. Once the task is allocated, a scout travels right to the selected site and checks problem areas at the 

site, observes pest activity, performs weed management activities etc., instantly making records in the app. 

This permits inspection of the problem areas only when required, thereby saving enough time to take 

essential preventative actions. 

3. Weather analytics: By analysing weather data in-line with the data on plant condition gotten from 

satellite imagery, ranchers can precisely apply irrigation and prevent frost or heat injury. Perhaps, one of 

the best approaches to avoid drought problems is drip irrigation with automatic or manual valve control, 

therefore the rancher can apply the required amount of water to dry areas. 

4. Fact that it is based on satellite imagery (Strongest benefit): It helps to analyse field conditions 

or the state of specific site and extract vital information on-the-fly, thus boosting up optimal reaction time 

as well as making unfailing decisions – what crops to plant, when to harvest, how to efficiently plan for the 

next spell, what quantity of nutrients and fertilizers apply, and many more. 

Merging Dataset 
Occasionally Crop Monitoring has to mash numerous data sets in order to get desirable visions for your 

farm crops. For a start, the operator is able to compare the performance of his crops with the average 

performance of all crops in the given district. To face this task, multiple datasets attained from all of the 
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field crops in your district are compared. For now, such comparisons are only available using the NDVI 

vegetation index, but in the adjoining future we will increase the analytical opportunities of the platform 

by adding novel indices. 

The next important feature that hires numerous data sets is weather data analysis. It is comprised of the 

following options: 

1. “Winter kill” alerts you about low temperatures that threaten your winter crops. 

2. “Cold stress” highlights the days when the temperature dropped below -6℃ to evaluate the damage to 

early crops from frost. 

3. “Heat stress” reflects the days with temperatures above +30℃ to assess the damage from heat stress. 

4. The feature provides the ability to monitor precipitation and temperature as well. 

Inference 
Promising agricultural technologies are moving into the future by leaps and bounds. They offer a generous 

assistance for ranchers in their endeavour for enhancing inputs, make simpler ranch management, and 

rising productivity. Amplified yields, just as decrease care costs, help boost revenues. With regards to keen 

resolutions, precision agriculture offers a Swiss armed force blade of farming practices for today’s, and 

upcoming ranchers. 

Reference 
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Introduction 
Canopy management is the ‘art’ of fruit growing it is much more than cutting off a few branches to optimize 

fruit crop, thoughtful canopy management is one of the most important subjects to master, and the best 

way to master it is through practice. Canopy in a fruit tree refers to its physical composition comprising of 

stem, branches, shoots and leaves. The canopy density is determined by the number and size of the leaves, 

architecture of stem, branches and shoots. Canopy management of the fruit tree deals with the development 

and maintenance of their structure in relation to the size and shape for the maximum productivity and 

quality “canopy design and shape influence light interception with assured fruit production 

resulting higher monetary returns to growers.” 

Role of Canopy Management in Fruit Crops 
1. Light is an important factor in production of fruit. It has a role in flower induction as well as in fruit 

development through carbohydrate synthesis. While increased assimilates in the shoots for flowering, high 

yield of quality fruits is attributed to high light interception and distribution in the tree canopy. 

2. Light interception is influenced by plant density, canopy shape, canopy leaf area index and can be raised 

by increasing the density of foliage in the canopy, the height of the tree and number of tress per hectare. 

Light intensity decreases, within the tree canopy as the outer portion shades the inner canopy. Light 

exposure influences flower bud differentiation, fruit set, fruit colour and quality.                          

3. In the canopy management, major emphasis is usually required to reduce the excessive canopy shading 

and increase the air circulation in the fruiting region.                                                

4. Trees have a set amount of energy (created through photosynthesis) that they can use to grow based on 

external and internal cues, they will produce either reproductive growth or vegetative growth. Canopy 

management manipulates the allocation of the tree’s resources to favor one kind of growth over another 

creating the right balance is crucial.     

5. Ideal canopy architecture should fulfill as many as possible principles involved in canopy management. 

i.e., the canopy size should be dwarf, spreading and open in mango and guava.      

6. In order to obtain more yield per unit area of the land, it is desirable to have the required surface area 

per canopy volume by increasing the canopy height. But due to inconvenience in carryingout the cultural 

operations including harvest, the canopy height should be at manageable level. 

Trees’ canopy grows in different ways 
1. Primary Growth: Growth in length of limbs this form of growth results from the activity of the ‘apical 

meristem’, which creates undifferentiated.                                       

2. Secondary Growth: Growth outwards and in diameter i.e., thickening of the limbs.  When managing 

the canopy, it’s important to know what age of wood you’re working with. This is referred to in years, e.g., 

one year old wood, two-year-old wood.                                         

3. Current Season Growth: The new shoot growth expanding from the last terminal bud. At the end of 

the season, when the tree goes dormant, it sets up a new terminal bud at the end of the growth.   

Fruiting Habit of Fruit Crops 
1. Pome Fruits: (Apple, Pear) will only produce fruit on three-year-old wood or older. New shoots become 

year 1 wood. The cells will differentiate in year 2, developing small spurs which will eventually bear fruit. 

This wood overwinters, and blooms in year 3. Good fruit production will occur on 4–5-year-old wood.  



 

 
Volume 3 - Issue 6 - June 2021       281 | P a g e  
 

2. Stone Fruits: (Plum, Peach, Cherry) produce fruit on two-year-old wood. Buds grow in late summer, 

after the harvest, rather than in early spring.                  

3. Tropical and Sub- tropical fruit:  There is no complete cessation of growth at any particular time of 

the year. However, the growth is drastically slowed down during winter months trees undergo some sort of 

dormancy or rest during winter months. At the end of winter in February-March, the buds start to grow at 

a rapid rate and trees may bear a new vegetative flush. Usually, the growing buds are positioned either 

laterally on branches or at their tips. They can be formed in the previous growing season and remain 

dormant over the winter for four months or more.        

Growth Habits of  Fruit Crops 
Growth Habit: The growth habit of a tree is its natural inclination towards a certain canopy shape. There 

are two basic growth habits. 

 
1. Acrotonic 

Acrotonic: Strong growth at the top of the tree, at the expense of weaker growth on lower levels. Red 

Delicious apple has this tendency due to apical dominance.      

Basitonic: Lower branches are stronger and outgrow the top of the tree. Braeburn apple trees have this 

tendency. There are also a number of growth habits in between, such as columnar or conical shaped 

canopies. When managing a canopy, we generally seek to develop a conical shape where the top of the tree 

is narrower than the bottom. 

 
2. Basitonic 

Practices for Canopy Management 
1. Training of Fruit Trees: After planting the fruit plants in the orchard, the training starts from day 

one. Initially few branches arising from rootstock portion and 10-15 cm above the union are removed at the 

time of planting. When vines are staked or tied over a trelly or pergola in a certain fashion or some of the 

parts are removed with a view to give it a desired shape, the operation is called training.  

The training is done with the following objectives:              

a. To admit light up to centre of the tree and provide sufficient movement of air across the plant. 

b. To increase photosynthetic activity by exposing leaves to the sun .    

c. To provide strong scaffold system this could bear the heavy load of fruits, without limb breakage. 

d. To make hoeing, spraying, irrigation and other cultural practices at a nominal cost.   

e. To get balanced distribution of fruit over the tree. 

2. Pruning of Fruit Trees: Normally pruning is an invigorating process. Many at times it is carried out 

to encourage new growth and fruiting.  Pruning is defined as the removal of unwanted parts, like shoots, 

branches roots to allow the fast growth in the remaining parts. Time of pruning in different fruit plants 

differ from fruit to fruit.  Normally deciduous fruits trees are pruned when complete dormant after shedding 
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of leaves.  Pruning of pear, peach and plum should be done in December-January, whereas phalsa and 

grapes needs to be pruned end January-February first week. Ber which is summer deciduous should be 

pruned in May-June.          

Pruning is done with the following objectives:                            

a. To remove the apical dominance for encouraging branching.  

b. To remove unproductive over crowded branches.  

c. To remove diseased and dead wood branches.  

d. To encourage vegetative growth.  

e. To control the overall size of the fruit tree.  

f. To regulate fruiting for regular cropping.  

g. To give particular training. 

Training Systems for Fruits Crops 
1. Central Leader System: The central leader is allowed to grow uninterrupted. The secondary's grow on 

the central axis on all directions. The fruit tree grows in a natural way tree trunks become very strong due 

to the spread of many scaffolds and secondaries. This system is most suited to litchi and mango. 

 

2. Modified Leader System: The central leader is allowed to grow to produce 3-4 side branches, then it 

is headed back at 75 cm height for low headed and at 90 cm for high headed plants. In the next year, the 

top bud sprouts to take the shape of the central leader, which is again headed back after getting 2-3 

scaffolds at the last scaffold giving it an open centre. This can be done after 2-3 years of removal of the 

central leader that is why the system of training is called modified leader system of training. 

 
Espalier Architecture 

3. Open-centre System: The plants are planted in the orchard and simultaneously headed back to 75 cm 

height.  The well placed 4-5 side branches are allowed to develop on the main axis. The selected scaffolds 

are made to produce secondaries and tertiaries just like in modified leader system. 

4. Espalier Architecture: A great method for saving space when growing dwarf trees-training limited 

branches horizontally. 

Pruning Systems of Fruit Crops 
1. Disbudding: The optional process of gradually removing the buds that grow on the plant’s stem in order 

to enhance the lifespan and development of the remaining buds. Disbudding is a distinct and important 
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form of pruning, applied to all trained fruit trees. The time to carry out disbudding of fruit trees is in spring 

and early summer before. A few unwanted shoots being removed every few days. Care must be taken not 

to tear off strips of bark; it is safest to pinch them off with finger and thumb, rather than to tear them with 

a pulling, jerking action. 

2. Heading Back: This type of pruning can be done both evergreen and deciduous trees to remove apical 

dominance and encourage side branching. For peaches which bear on new growth, this type of pruning is 

an annual feature for getting regular fruiting. Normally 1/3 of the top shoot is removed every year during 

pruning. However, in some fruits like phalsa the whole bush is headed back to the ground level to develop 

sufficient number of branches for bearing regularly. 

 
3. Thinning Out: When there is a bushy growth of side shoots on the secondaries or tertiaries, some of the 

branches are removed entirely from point of emergence without leaving any stub. It results in providing 

light and aeration in the tree. Thinning out encourages fast growth of the remaining terminals.  This gives 

the tree a leggy growth to get best results from pruning a mix of heading back and thinning out will be best 

for long-term production of quality fruits from peaches. 

 

4. Renovating old trees: In some cases, it may seem desirable to attempt to reduce the size and improve 

the structure of trees that are large and old but otherwise in good condition. Though all the advantages of 

a density planting are obviously not possible, reducing the size of such trees should provide some of the 

benefits, such as easier management and harvesting and improved fruit quality. Very rarely are the results 

completely satisfactory to be at all effective, such trees must be severely topped and headed back on the 

sides, with removal of an inordinate amount of the total bearing surface. 

5. Bending of Scaffolds: To manage the canopy and get early fruiting from trees with long juvenile period, 

the bending of branches has been successfully practiced in pear.  The bending of flexible scaffolds downward 

can be carried out by tieing the scaffolds to the trunk of the same tree or on to pegs in the basin of the tree.  

Bending of scaffolds provides the advantage of geotropism. Bending also helps in the sprouting of buds to 

produce good number of secondaries on a scaffold.  The bending of scaffolds can be carried out in Guava, 

Mango and litchi in addition to pear. 

Advanced Method of Controlling Some Fruits Tree Canopy 
1. Use of genetically dwarf scion cultivars: 

Crop  Genetically dwarf cultivars  Desirable features  

Apple Spur bearing varieties Wijik Mc Intosh 

and Golden Delicious 

Bear on short stems, spurs; grow to 60-70% the 

standard cultivar in vigour and bear more spurs 

and yield more  

Peach  Redheaven  Dwarfing and high yielding  
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Cherry  Compact Lambert, Meteor and  North 

star 

High yielding, self-fruitful, dwarf  

 

2. Use of dwarfing Cultivars and rootstocks: 

Crop Dwarfing cultivar/ rootstocks  

Apple  M-9, M-26, M27, MM-111, MM-106, Bud.9, Bud.146, P-22 and Ottawa 3 

Pear  EM Quince A &C  

Peach  SiberianC, St Julien X P.besseyi and Rubira  

Plum  Pixy  

Cherry  Colt, Charger and Rubira  

Lemon  Meyer lemon, Ponderosa lemon, Kagzi kalan lemon 

Guava  Psidium friedrichsthalianum, Aneuploid no. 82 

Citrus relative Kumquats 

Citrus hybrid Limequats  

Mango  Vellaikolumban, Amarapalli 

Mandarins  Kwanowase, Anaseullis, Satsuma mandarin  

Oranges  Gladokokoryl  

3. Use of growth retardants: Various growth retardant have been used torestrict the vegetative growth 

of the plant. Among them the commercially adopted are, CCC, Ancymidal, Paclobutrazol, B-9 (Phosphon 

D) and chloramqute. 

 

 
PBZ treated Control 

4. High density planting: It enables profitable cropping, high regular yields and improved farm 

management practices, leading to higher productivity. Use of growth retardants which restricts tree growth 

and encourages early flower induction, have also been found helpful for these high-density planting 

systems.  High density planting technique is a modern method of fruit cultivation involving planting of 

fruit trees densely, allowing small or dwarf trees with modified canopy for better light interception and 

distribution. First planted in Europe at the end of 1960.  Irrigation and fertigation are automatically 

controlled. Such system produces precocious cropping, high and regular yields of good quality fruits and 

low labor requirement to meet ever rising production costs.              

5. Induction of viral infection: Though still not popular and emerged as commercially but tree size can 

be reduced by inducing viral infection like in apple, virus free rootstocks series East Malling long ashton 

(EMLA) are vigorous than their infected counterparts. 

Tools for Canopy Management 
Loppers: Find a pair with a bypass blade instead of anvil cutters-this will ensure that you slice the branch 

instead of crushing it. A commercial grade pair such as these ones by Corona are best. 
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Secateur: Secateurs are handy for tip pruning and cutting out shoots and suckers. They should be kept 

sharp at all times. Regular cleaning and a drop of oil prevents the blades from sticking. 

 

Tree Saw: Best for big old trees with branches that are too big for loppers. Most tree saws cut on the pull. 

 

Ladder: A ladder is the best way to get up into a taller tree and see what you’re doing. It will save you 

from reaching up and straining. 

 

Hand Shears: These are good for young trees with low, thinner branches. These should be made of good 

steel and should be kept sharp using a wet stone. 

 

Conclusions 
High yield and high fruit quality can be achieved with a good orchard canopy when the orchard has good 

light distribution throughout the tree canopy and there is a balance between vegetative growth and 

cropping.  Proper training and pruning is essential for canopy management. Dwarf root stocks and varieties 

are pre-requisites for high density planting. Cultural practices need to be integrated for higher production 

and quality. Growth retardants along with pruning and proper spacing should be used. Successful growers 

will maintain a balance between vegetative growth and cropping by regularly renewing the fruiting wood 

on the tree, moderate levels of nitrogen and proper crop load management. 
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Introduction 
Mutations are sudden unpredictable heritable changes without any intermediate stage in characteristics 

of organism. In molecular terms, mutation is defined as the permanent and relatively rare change in the 

sequence of nucleotides. Mutations may be chromosomal, cytoplasmic or gene mutation or point mutation. 

Mutation was first discovered by Wright in 1791 in male lamb which had short legs. Later on, mutation 

was discovered and studied in Oenothera by Hugo de Vries in 1900, Morgan in Drosophilla (white-eyed 

mutant) in 1910, and by several others in various organisms.  

The term “mutation” was coined by de Vries. Mutations can be induced by some physical and chemical 

agents, called mutagens. Mutagens greatly enhance the frequency of mutations. Mutagenic action of X-ray 

was first discovered by Muller in 1927, and that of nitrogen mustards by Averbach and Robson in 1946. 

In Vitro Mutagenesis 
Tissue culture makes it more efficient by allowing the handling of large populations and by increasing 

mutation induction efficiency, possibility of mutant recovery and speediness of cloning selected variants. 

Some vegetatively-propagated species are recalcitrant to plant regeneration, which can be a limit for the 

application of gene transfer biotechnology, but not for mutation induction breeding. Mutagenesis offers the 

possibility of altering only one or a few characters of an already first-rate cultivar, while preserving the 

overall characteristics. Traits induced by mutagenesis include plant size, blooming time and fruit ripening, 

fruit color, self-compatibility, self-thinning, and resistance to pathogens (Predieri, 2001). The combination 

of in vitro culture and mutagenesis is relatively inexpensive, simple and efficient (Ahloowalia, 1998).  

The use of induced mutations has played a key role in the important of superior plant varieties. More than 

3000 important mutant varieties released for commercial cultivars. Compared to cross breeding methods, 

mutagenesis has the ability to modify only a very few characters in promising cultivars without altering 

the genetic background. Mutagenesis using in vitro plant cell and tissue culture offers a feasible method in 

generating novel genetic variability. 

Mutagens 
1. Biological mutagens: Transposons, Virus, Bacteria and T-DNA   

2. Physical mutagens: Fast neutrons, UV ray, X-ray, gamma-ray, Alpha particles and Radioactive decays 

3. Chemical mutagens: 

a. Deaminating agents: Nitrous Acid. 

b. Alkalyting agents: N-Methyl-N-Nitrosourea (MNU), 1,2:3,4-diepoxybutane (DEB), Ethyl methane 

sulfonate (EMS), Ethylnitrosourea, Nitrosamines, Mustard gas and Vinyl chloride. 

c. Reactive oxyzen species(ROS): Superoxide, Hydrogen peroxide and Hydroxyl radicals. 

d. Base analogues: 5-Bromouracil (5BU). 

e. Inter-chelating agents: Ethidium bromide and Proflavin. 

d. Metals: Arsenic, Cadmium, Chromium and Nickel. 

Stages at which Mutation Occur 
Mutation can occur at any stage during the life cycle of a living organism. 

1. Before the formation of gametes. 

2. In gametes. 
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3. In zygotes. 

4. In normal body cell or somatic cell. 

 

In Vitro Cultures Over Conventional Mutagenesis 
1. Availability of large mutagenized population.  

2. Intra-somatic selection in conventional propagating materials.  

3. Complex nature of apical meristems and propagating materials.  

4. High mutation frequency.  

5. Uniform mutagen treatment.  

6. Application of selective agents to homogenous population.  

7. Requirement of less space to handle large population.  

8. Disease free plant materials. 

In Vitro Cultures for Mutation 
The different plant materials that can be mutagenized include rooted stem, cuttings, detached leaves, 

dormant buds, shoot apices, axillary buds and tubers. The aim of using in vitro for mutagenesis is that 

large populations of cells can be treated and screened. Callus and cell suspension cultures show good 

regeneration potential after mutagenesis. Among different in vitro methods somatic embryogenesis is the 

most useful tool for mutagenesis.  

A number of subcultures can be performed in a short period of time to select and increase mutagenized 

population. In vitro subcultures are carried through M1(irradiated plants) for three and in some 4-6 cycles. 

Haploid callus cultures derived from microspores/ovules are also the choicest targets. The advantage of 

microspore-based system is recessive trait expression and less somaclonal variations.  

Most attributed problem ‘intra-somatic selection’ can be mitigated by in vitro mutagenesis. Intra-somatic 

selection or diplontic selection: competition that occurs between lethal and sub lethal cells when seeds and 

vegetative materials are irradiated. Higher doses of irradiations may affect the regeneration of the cells. 

Crops Improved through Induced Mutation and Traits Improved 

Sl. No. Crop Mutagen Trait alteration 

1 Rapeseed EMS Increased oleic acid, reduced poly 

unsat, fats 

2 Rapeseed EMS Sulfonyl urea resistance 

3 Rice Gamma Dwarf, high yield 

4 Rice Gamma Thermosensitive. GMS 

5 Flax EMS Cooking oil quality 

6 Sunflower X-ray High oleic acid, high palmitic acid 

7 Apple Gamma, EMS Skin color, rust resistance, fruit color 
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8 Pear Gamma Disease resistance 

9 Grapefruit X-ray Flesh color, selflessness 

10 Pineapple In vitro Spineless 

11 Papaya (PUSA nanha) Gamma Shortness 

12 Orange Gamma Seedless 

13 Sour cherry  X-ray Fruit set 

14 Banana Gamma Earliness 

15 Raspberry ENH Disease resistance 

Applications 
The first commercial success with induced mutations was reported in 1934 with the release of a new tobacco 

cultivar ‘Chlorina’ through X-ray irradiation. The Indian dwarf wheat’s which contain the dwarfing gene 

was from a Japanese cultivar ‘Norin- 10’, which itself was a mutant. Many varieties of barley contain 

artificially mutated genes which contribute to reduction in height, increase in yield, insensitivity to day 

length and resistance to mildew diseases. 

Sharbati Sonara and Pusa Lerma are two amber grain colour mutants of wheat produced from the red 

grained Sonara 64 and Lerma Rojo 64A, respectively. 

Induced mutations have also become recently important in developing parents useful in hybridization 

programmes. Forty-five rice cultivars have been developed, either by direct radiation or by crossing with 

induced mutants. Many crop plants are propagated vegetatively even though they can bear seed. Potato, 

tapioca and sugarcane are classical examples of such crops. The characters improved through mutation 

breeding include flowering time, flower shape, fruit shape, changes in oil content, and protein quality. 

In fruit crops, mutagenesis has already been used to introduce many useful traits affecting plant size, 

blooming time and fruit ripening, fruit color, self-compatibility, self-thinning, and resistance to pathogens. 

Demerits 
1. Most induced mutations are undesirable and have no value to the breeder. Many induced mutations are 

lethal. 

2. The mutation rate is extremely low and a very large number of plants must be screened to identify the 

few individuals that may have desirable mutations.  

3. It is equally difficult to grow such useful mutants and include them in breeding programmes. 

4. The stability of a mutant must be thoroughly tested as some mutants have a tendency to revert. 

5. Most induced mutations are recessive; these have to be in double dose to be expressed phenotypically. 

6. Unless mutations are induced in gametes, especially in pollen, they will not be easily incorporated into 

the breeding line. 

Conclusions 
Despite its potential and the vast amount of research already performed on the subject, the combination of 

mutation induction and in vitro techniques has not yet been fully exploited for crops and  fruit breeding 

purposes. In recent years, most of the scientific effort and funding has been devoted to molecular biology 

research. This has led to substantial advances in plant genetics and physiology, and has created numerous 

opportunities for crop improvement. The application of molecular techniques to different crops and fruit 

tree improvement could expand the use of mutation induction methods by providing a deeper knowledge of 

genes and genomes and by developing genetic maps and suitable markers for selection. 
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Bio-fertilizer has been identified as an alternative for increasing soil fertility and crop production in 

sustainable farming. The exploitation of beneficial microbes as bio-fertilizers has become of paramount 

importance in agricultural sector due to their potential role in food safety and sustainable crop production. 

Bio-fertilizer can be an important component of integrated nutrients management. Microorganisms that 

are commonly used as bio-fertilizer components include; nitrogen fixers (N-fixer), potassium and 

phosphorus solubilizers, growth promoting rhizobacteria (PGPRs), endo and ecto mycorrhizal fungi, 

cyanobacteria and other useful microscopic organisms. To cater the growing demand the institutes had 

focused to produce more liquid biofertilisers instead of solid carrier based for easy availability. 

Fertilizer requirement and production in India Projection(Metric tonnes): 

Year 2011 2031 2051  

Requirement  22.2 27.3 31.3 

Production 15.8 20.9 23.9 

Gap 6.4 6.4 7.2 

ICAR- IARI, New Delhi 
The Division of Microbiology pioneered the development and commercialization of biofertilizers 

(Rhizobium, Azotobacter, Azospirillum, phosphate solubilizers, AM fungi and BGA) that provided the input 

for practicing organic agriculture in India. The preparation and quality control of peat-

based Rhizobium inoculants have been standardized for the first time in India at the Division.  

The Division developed AM inoculum for all crops especially horticultural crops and nursery grown 

vegetables and commercialized under the trade name ‘Nutrilink’. It mobilizes phosphorus and trace 

elements like zinc, iron, copper, cobalt, magnesium, molybdenum. Microbial consortia were developed using 

efficient strains of Trichoderma viride, Aspergillus nidulans, Phanerochaete chrysosporium, 

and Aspergillus awamori for quality improvisation and accelerated composting. Liquid bioinoculants 

for Azotobacter chroococcum and phosphate solubilizing bacteria with a shelf-life of 30 months were 

developed. The technology was licensed and commercialized for use in agriculture. 

Indian Council of Agricultural Research (ICAR) under “Network project on Soil Biodiversity- Biofertilizers 

project” has developed improved and efficient strains of biofertilizers specific to different crops and soil 

types. Biofertilizers can improve yields by 10-25% in most of the cases when used along with chemical 

fertilizers. 

ICAR- Anand Agricultural University (AAU) 
Developed a liquid formulation of Bio-fertilizers that are having useful microorganisms, which fix 

atmospheric nitrogen and solubilise insoluble phosphates and make it available for the plants. LBFs are 

sold to farmers under the brand name “Anubhav liquid Bio-fertilizers” by the University. Anubhav LBF is 

based on native cultures of bacteria viz., Azotobacter chroococcum, Azospirillum lipoferum and Bacillus 

coagulans.  

BPDU is a special project at AAU, Anand under the World Bank funded scheme of National Agricultural 

Innovation Project (NAIP) of  ICAR, New Delhi. The response of Gujarat farmers on use of LBF in different 

crops such as Cotton, Banana, Potato, Rose, Turmeric, Papaya etc. reported better yield and quality. 
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Government of India Assistance Under Various Schemes 
Supply of quality biofertiliser mother strains from ICAR institutions for production of biofertilisers etc. 

have been initiated. States were also asked to ensure quality of biofertilisers promoted under organic 

farming schemes. Demonstrations are conducted by NCOF and ICAR to educate farmers on biofertilizers.  

Government is providing financial assistance of   Rs. 31,000/ha/3years and Rs 7500/ha/3years for organic 

conversion, organic inputs, including biofertilisers under Paramparagat Krishi Vikas Yojana (PKVY) and 

Mission Organic Value Chain Development North East Region (MOVCDNER)  respectively. 

Government under Capital Investment Subsidy Scheme (CISS) of Soil Health Management Scheme (SHM) 

of National Mission of Sustainable Agriculture (NMSA) is providing assistance for   Setting up of State of 

art liquid/ carrier-based Bio-fertilizer/ Similarly, for individuals/ private agencies assistance up to 25% of 

cost limited to Rs.40 lakh/unit   as capital investment is provided through NABARD. 

As per data provided by NABARD, 61 Biofertilizer/ Fruit and vegetable compost production units   were 

established under CISS in different states. Similarly funding for 10 biofertiliser production units and 16 

organic/biofertiliser testing labs. 

Icar-Indian Institute of Horticultural Research (IIHR), Hessaraghatta, Bengaluru, 

Karnataka 
Arka microbial consortium (₹300/Kg) is a carrier-based product which contains n fixing, P & Zn solubilizing 

and plant growth promoting microbes as a single formulation. the novelty of this technology is that farmers 

need not apply N fixing, phosphorous solubilizing and growth promoting bacterial inoculants individually. 

It can be conveniently, applied either through seed, soil, water and nursery media like coco-peat. Other 

products such as arka microbial decomposer (₹200/Kg), Tricho plus (₹160/Kg) and Pseudo powder (₹160/Kg) 

are also available online. 

Icar-National Bureau of Agriculturally Important Microorganisms (NBAIM), 

Kushmaur, U.P 
Bio NPK: A unique formulation that consists of a nitrogen fixing (Azotobacter chroococcum), P-solubilizing 

(Paenibacillus tylopili) and K–solubilizing (Bacillus decolorationis) bacteria. Inoculation with Bio NPK 

providing formulation increases the yield by 10-15% and curtails the use of costly chemical fertilizers by 

25-30%. 

BIOGROW: A consortium consisting of P solubilizing bacteria, siderophore and IAA producing bacteria for 

vegetable crops particularly solanaceous crops. In tomato, 25-30% increase in yield was recorded in 

treatment inoculated with Biogrow. 
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Biophos and BioPhos+: Bio Phos and Bio Phos+ are liquid formulations of P- solubilizing bacteria 

containing Paenibacillus tylopili and Kluyvera cryocrescens respectively. Inoculation of P solubilizer helps 

to augment 15 to 20 kg P2O5 ha-1. Bio Zinc, Bio Potash, etc. 

IFFCO & KRIBHCO 
Liquid Consortia (NPK): P&K components of NPK Liquid Bio Fertilizers produce organic acids which 

help in dissolving insoluble soil phosphorous & potash as well as applied NPK/DAP/ (SSP)/ (MOP) etc. 

fertilizers in soil and make their uptake easy by crop plants. Other commercial products such as Phosphate 

Solubilizing (PSB), Acetobacter, Azospirillum, Azotobacter, Rhizobium, Potash Mobilizing (KMB), Zinc 

Solubilizing (ZSB) are available in market.  

KRIBHCO has record production of 7.59 lakh litres of Biofertilzer (2019-20).  

IFFCO common Price Structure for all types of Liquid Biofertilisers is as under 200 ml (₹60), 500 ml (₹110) 

and 1 lit (₹200) available to farmers. 

Advantages of Use of Biofertilizers 
1. Low cost, effective, environmentally friendly and renewable source of plant nutrients to supplement 

fertilisers. 

2. Liquid Bio-fertilizers have a distinct advantage in terms of cost saving on chemical fertilizers in addition 

to yield advantage. 

3. Enhancement in yield up to 5-10% on average. 

4. Shelf life of 1 year. 

5. Easy to use and transport. 

6. Better efficiency compared to chemical fertilizers. 

7. Suitable to drip irrigation and greenhouse. 
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Among the innovative techniques of micro propagation, the concept of somatic embryogenesis with 

synthetic (artificial) seed or Synseeds (Murashige, 1977) production or artificial seed techniques is very 

important. Many fruit crops are difficult to multiply by conventional method and improvement through 

traditional breeding method. Artificial seed technology is one of the most important tools to breeders and 

scientists of plant tissue culture. 

It has offered powerful advantages for large scale mass propagation of elite plant species. In general, 

synthetic seeds are defined as artificially encapsulated somatic embryos, shoot tips, axillary buds or any 

other meristematic tissue, used for sowing as a seed and possess the ability to convert into whole plant 

under in vitro and in vivo conditions and keep its potential also after storage (Capuano et al., 1998). 

However, the term 'synthetic seed' should not be confused with commercial seeds of a synthetic cultivar 

which is defined as an advanced generation of an open pollinated population composed of a group of selected 

inbred clones or hybrids. 

A plant derived from a somatic embryo is sometimes referred to as an 'embling' (kaur et al., 2019). An 

implementation of artificial seed technology to somatic embryogenesis or the regeneration of embryos is 

based on the vegetative tissues as an efficient technique that allows for mass propagation in a large-scale 

production of selected genotype (Ara et al., 2000). The aim and scope for switching towards artificial seed 

technology was forth fact that the cost-effective mass propagation of elite plant genotypes will be promoted. 

There would also be channel for new transgenic plants produced through biotechnological techniques to be 

transferred directly to the greenhouse or field. The artificial seed technology has been applied to a number 

of plant species belonging to angiosperms synthetic seed is encapsulated plant propagules (somatic 

embryo/shoot bud) in a suitable matrix, containing substances like nutrients, growth regulators, herbicides, 

insecticides, fungicides and mycorrhizae which will help to grow into a complete plantlet. It is a potential 

technique for plant multiplication and preservation. This technology may be value in breeding programs 

and allow the propagation of many elite genotype- derived plants in short time. 

Synthetic vs Natural Seeds 
Synthetic seeds Natural seeds 

Produce from asexual process Produce from sexual process 

Do not involve the fusion of gametes Involve the fusion of male and female gametes 

Produce from the vegetative cells Produce from the germ cells 

Contains genetic constituents from single parent Contains genetic constituents from both parents 

No genetic recombination take place Genetic recombination takes place 

Why Synthetic Seeds? 
Development of micropropagation techniques will ensure abundant supply of the desired plant species. In 

some crop species seed propagation has not been successful. This is mainly due to heterozygosity of seed, 

minute seed size, presence of reduced endosperm and the requirement of seed with mycorrhizal fungi 

association for germination (eg. orchids), and also in some seedless varieties of crop plants like grapes, 

watermelon, etc. Some of these species can be propagated by vegetative means. However, in vivo vegetative 

propagation techniques are time consuming and expensive. Development of artificial seed production 

technology is currently considered as an effective and efficient alternate method of propagation in several 

commercially important agronomic and horticultural crops. 
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Parts of a Typical Synthetic Seed 
A typical synthetic seed has the following parts such as: 

1. Plant propagule (somatic embryo or shoot bud) somatic embryos are bipolar structures with both apical 

and basal meristematic regions, which are capable of forming shoot and root, respectively. 

2. Matrix, is a gelling material encapsulating plant propagules which incorporate nutrients, biofertlizers, 

pesticides, nitrogen - fixing bacteria, antibiotics or other essential additives. 

3. Seed shell these are the artificial seed coats prepared with complex mixture of alginate-gelatin which 

was used to develop the coat system for encapsulation. 

Somatic Embryos 
The process of embryo development from a somatic cell is called somatic embryogenesis. Under certain 

exceptional conditions, the cells behave like a zygote and develop into embryo like structure in culture in 

vitro. Since embryo like structures derived from the somatic cells of plant, is known as somatic embryos. 

Encapsulating Agents 
Several gels like agar, alginate, carboxy methyl cellulose, carrageenan, gelrite, guargum, sodium pectate, 

tragacanth gum, etc. were tested for synthetic seed production, out of which alginate encapsulation was 

found to be more suitable and practicable for synthetic seed production. Alginate hydrogel is frequently 

selected as a matrix for synthetic seed because of its moderate viscosity and low spinnability of solution, 

low toxicity for somatic embryos and quick gellation, low cost and bio-compatibility characteristics. Alginate 

as a straight chain, hydrophilic colloidal polyuronic acid composed of hydro-β-D mannuronic acid residues 

with 1-4 linkages. The major principle involved in the alginate encapsulation process is that sodium 

alginate droplets containing the somatic embryos when dropped into the CaCl2.2H2O solution form round 

and firm bead due to ion-exchange between Na+ in sodium alginate with Ca+ in CaCl2.2H2O solution. The 

use of agar as gel matrix was deliberately avoided as it is considered inferior to alginate with respect to 

long term storage. Alginate was chosen because it enhances capsule formation and also the rigidity of 

alginate beads provides better protection (than agar) to the encased somatic embryos against mechanical 

injury. 

Importance of Encapsulation of Matured Somatic Embryos 
1. Non damaging to the somatic embryos. 

2. Durable during storage, transportation and planting. 

3. Protect the embryo while allowing the germination and conversion. 

4. Containment’s nutrients, microorganisms necessary for germination. 

5. Enable the formation of mono- embryonic synthetic seeds. 

6. Sowable using farm machinery. 

Synthetic Endosperm 
It is believed that the encapsulated synthetic seeds should contain nutrients and plant growth regulators 

to serve as synthetic endosperm to the encapsulated propagules which results in increase in the efficiency 

of viability and germination of synthetic seeds. The quality of artificial seeds depends on the temporal, 

qualitative, quantitative supply of growth regulators and nutrients along with an optimal physical 

environment. Somatic embryos lack seed coat (testa) and endosperm that provide protection and nutrition 

for zygotic embryos in developing seeds. 

To augment these deficiencies, addition of nutrients and growth regulators to the encapsulation matrix is 

desired, which serves as an artificial endosperm. Addition of adjuvant of nutrients and growth regulators 

to the encapsulation matrix results in increase in efficiency of germination and viability of encapsulated 

somatic embryos. These synthetic seeds can be stored for a longer period of time even up to 6 months 

without losing viability, especially when stored at 4°C. Investigators reported that the addition of 

fungicides pesticides, fertilizers, microorganisms (Rhizobia), mycorrhiza fungus, marine cyanobacterial 

extracts bactericides and activated charcoal to the encapsulation solution will protect the encapsulated 

propagules from micro-organisms, to reduce the release of toxic compounds and to enhance the germination 

capacity of seed. 
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Technique for Production of Synthetic Seeds 
Basic hindrance to synthetic seed technology was primarily based on the fact that the somatic embryos lack 

important accessory tissues, i.e., endosperm and protective coatings that make them inconvenient to store 

and handle (Redenbaugh et al., 1993). Furthermore, they are generally regarded to lack a quiescent resting 

phase and to be incapable of undergoing dehydration. The primary goal of synthetic seed research was, 

therefore, to produce somatic embryos that resemble more closely the seed embryos in storage and handling 

characteristics so that they can be utilized as a unit for clonal plant propagation and germplasm 

conservation. In achieving such a goal, the technology of encapsulation has evolved as the first major step 

for production of synthetic seeds. Later it was thought that the encapsulated synthetic seed should also 

contain growth nutrients, plant growth promoting microorganisms (e.g., mycorrhizae), and/or other 

biological components necessary for optimal embryo-to-plant development. A number of patents covering 

the development of seed analogues have been issued (Redenbaugh and Walker, 1990). However, success of 

the synthetic seed technology is constrained due to scarcity and undesirable qualities of somatic embryos 

making it difficult for their development into plants. The choice of coating material for making synseeds is 

also an important aspect for synseed production. The propagules (embryos/ axillary buds/ shoot tips) are 

carefully isolated from aseptic in vitro cultures and blot dried on sterilized filter paper, and is then mixed 

in sodium alginate prepared in nutrient medium. The propagules are then picked up manually by forceps 

and dropped into a solution of calcium chloride for about 40 minutes. After the incubation period, the beads 

(synthetic seeds) are recovered by decanting the calcium chloride solution and washing them in sterile 

water for 3 to 4 times before culturing on nutrient medium or on different substrates such as filter paper, 

cotton or soil for their growth and conversion to plants. Based on technology established so far, two types 

of synthetic seeds are known: hydrated and desiccated (Redenbaugh et al., 1984). Hydrated artificial seeds 

consist of somatic embryos individually encapsulated in a hydrogel. To produce hydrated synthetic seeds, 

the somatic embryos are mixed with sodium alginate gel (0.5–5.0% w/v) and dropped into a calcium salt 

solution [CaCl2 (30–100 mM), Ca (NO3)2 (30–100 mM)] where ion-exchange reaction occurs and sodium ions 

are replaced by calcium ions forming calcium alginate beads or capsules surrounding the somatic embryos. 

The size of the capsule is controlled by varying the inner diameter of the pipette nozzle. Hardening of the 

calcium alginate is modulated with the concentrations of sodium alginate and calcium chloride as well as 

the duration of complexing. Usually 2% sodium alginate (C6H9NaO7) gel with a complexing solution 

containing 100 mM Ca2+ is used and is found to be satisfactory however, it may vary. The desiccated 

synthetic seeds are produced from somatic embryos either naked or encapsulated in poly-oxyethylene glycol 

(Polyoxr ) followed by their desiccation. Desiccation can be achieved either slowly over a period of one or 

two weeks sequentially using chambers of decreasing relative humidity, or rapidly by unsealing the petri 

dishes and leaving them on the bench overnight to dry. Such types of synseeds are produced only in plant 

species whose somatic embryos are desiccation- tolerant. On the contrary, hydrated synthetic seeds are 

produced in those plant species where the somatic embryos are recalcitrant and sensitive to desiccation 

(Sahoo et al., 2012). 

Steps of Synthetic Seed Production 
Selection of plant materials 

 
Establishment of somatic embryogenesis 

 
Induction of somatic embryogenesis 

 
Maturation of somatic embryo 

 
Encapsulation of somatic embryos 

 
Evolution of embryoid and plant conversion 
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Planting in fields/ green house 

 

Importance of Artificial Seeds 
1. Determine role of endosperm in embryo development and germination. 

2. It reduces problem of seed dormancy. 

3. Artificial seeds can be also used in the proliferation of male or female sterile plants for hybrid seed 

production 

4. Artificial seed production through the use of somatic embryos is an important technique for transgenic 

plants, where a single gene can be placed in a somatic cell and then this gene will be located in all the 

plants produced from this cell. Therefore, artificial seeds could be an efficient technology used for 

reproduction of transgenic plants especially for fruit tree genetic engineering.  

5. It can be produced at any time and any season of a year. 

6. Also helpful in preserving germplasm. 

7. Artificial seeds are produced using tissue culture techniques that are aseptic, are free of pathogens, 

giving great advantages to these materials for transport across frontiers and for avoiding the spread of 

plant diseases. 

8. Artificial seeds are more durable for handling, transportation, and storage. 

9. Also a useful technique as a clonal propagation system in terms of preservation of the genetic uniformity 

of plants. 

10. Straight delivery to the field, low cost, and fast reproduction of plants propagation with the low cost, 

high volume capabilities of seed propagation. These seeds can be produced within a short time whereas 

natural seed are the end product of complex reproductive process and wait for a long time for developing a 

new variety.  

11. Artificial seeds can open new vistas for land restoration and the rehabilitation of wild lands (rangelands, 

grasslands, forests, abandoned mine lands, etc.) affected by overgrazing or climate change. Unfortunately, 

because of the abovementioned problems, the seed bank in the soil and the natural seed production of the 

mother plants cannot recover the loss of naturally reserved seeds year after year of pressure. Therefore, 

mass production of embryos or embryogenic calluses and their use for artificial seed production are 

important for the future of land restoration (Hail et al., 2017). 

Limitations 
1. Production and storage of synthetic seed is cost effective hence the production technique itself becomes 

costlier. 

2. Production of viable micropopagules useful in synthetic seed production is less. 

3. Anomalous and asynchronous development of somatic embryos 

4. Poor germination due to lack supply of nutrients, insufficient oxygen, microbe invasion and mechanical 

damage of somatic embryos. 
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5. Lack of dormancy and stress tolerance in somatic embryos that limit the storage of synthetic seeds. 

6. All the embryos cannot mature at a time hence that makes them inefficient for germination and 

conversion in to normal plants. 

7. The technology of synthetic seed is limited due to poor conversion of even apparently normally matured 

somatic embryos and other micropopagules into plantlets (Ara et al., 2000). 

8. Special skills are required to carry out the work. 

Problems 
Artificial seeds that are stable for several months require the procedures for making the embryos quiescent. 

There is need to be protected against desiccation. Recovery of plants is very low due to incomplete embryo 

formation or difficulties in creating an artificial endosperm. The embryo must be protected against 

microorganisms. 

Conclusion 
Synthetic seeds technique is a rapid tool of plant regeneration because of its wide use in conservation and 

delivery of tissue cultured plants. Protocols of encapsulation were already optimized for various plant 

species, but the commercial scale production of synthetic seeds was restricted to few species only due to 

several major problems, such as: asynchronous development of somatic embryos, improper maturation of 

somatic embryos, poor conversion rate of somatic embryos, lack of dormancy, and limited production of 

viable mature somatic embryos. Such investigations need a lot of efforts to perfect this technology and to 

make it available on a commercial scale. In other cases where synthetic seeds were developed by 

encapsulating vegetative propagules, in vitro raised plantlets were used as the source of explants. So, 

optimized micropropagation systems would be required prior to synthetic seed development. In some plant 

species (trees) conversion of synthetic seeds into plantlets is another major problem for commercial 

application. Better understanding about manipulations in the composition of synthetic endosperm, 

explants size, media composition, change in the formulation of medium and type of medium, optimization 

of growth regulators and addition of other additives to the synthetic endosperm are required to enhance 

the germination frequency of encapsulated propagules. However further detailed research is needed mainly 

for. However further study and research related to the improvement of technology can help in the 

improvement in conversion frequency of synthetic seeds and subsequent plantlet growth in soil and global 

acceptance of synthetic seeds. 
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Summary of Article 
Makhana is known by many names. Lotus Seeds, Fox Nut, Euryale Ferox, Gorgon nut etc. These seeds are 

basically from the plant that falls in the Nelumbo genus. These seeds are of great value in the Asian 

medicine and cuisine. These seeds are commonly shelled, dried and then sold in the market. These lotus 

seeds are found commercially and in brown peel or white categories. The brown peel lotus seed is reaped 

once the head of the kernel of lotus is nearly or fully ripe, however, the white kind of lotus seed is reaped 

when the kernel head is fully green but has fully developed seeds. The seeds and the skin of the white lotus 

seed are always removed. The brown peel Lotus seeds are brownish in color as the fully developed seeds 

have adhered to the skin making it gross brown. These are very hard and can only be separated by splitting 

the seeds in half. 

Nutritional Value of Makhana 
A typical synthetic seed has the following parts such as: 

1. Plant propagule (somatic embryo or shoot bud) somatic embryos are bipolar structures with both apical 

and basal meristematic regions, which are capable of forming shoot and root, respectively. 

2. Matrix, is a gelling material encapsulating plant propagules which incorporate nutrients, biofertlizers, 

pesticides, nitrogen - fixing bacteria, antibiotics or other essential additives. 

3. Seed shell these are the artificial seed coats prepared with complex mixture of alginate-gelatin which 

was used to develop the coat system for encapsulation. 

Somatic Embryos 
Lotus seeds are low in cholesterol, saturated fat and sodium. They are an extremely good source of 

manganese, potassium, magnesium, thiamin, protein and phosphorus. 100 grams of lotus seed will give 

you 350 calories, which means about 65 grams of carbs, 18 grams protein, and 1.9 to 2.5 grams of fat. 

The remaining is made up of water, potassium, sodium, phosphorus and calcium. These are high in fiber, 

which helps maintaining the excretory tract in proper order. It helps to eliminate all the spleen from the 

body and keeps it clean from the unnecessary cholesterol, therefore, maintaining the body’s cholesterol 

level (Mani and Chatterjee, 2019). 

The potassium content is a great advantage for heart as it reduces the risk of heat stroke and hypertension. 

It is helpful in flushing out excess water and sodium from the body. It is of a great help in case there are 

muscle contractions, which can lead to cramps. The thiamine content in lotus seeds is helpful in sustaining 

the healthy cognitive functions of the nerves. Lotus seed intake helps in the generation of Acetylcholine 

which is required for the purpose of neurotransmission. 

Health Benefits of Makhana 
Anti-ageing: The first and foremost advantage of consuming lotus seeds is that it acts as an anti-aging 

agent. The enzymes that exist in these Lotus seeds are expected to obstruct the aging process. The enzymes 

that assist in fixing and preserving the impaired proteins are found in the lotus seed in high quantity 

Healthy protein: Lotus seeds are known as a great source of protein which is extremely beneficial to the 

body. Doctors even recommend the intake of lotus seeds to combat protein deficiency in the blood 
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Low glycemic index: Lotus seed’s excellent property is that it is low on GI, so it will slowly and gradually 

release the energy levels to your body so that you remain energetic throughout the day. It will keep away 

stress and keep your mind hale and healthy 

Heart diseases: Lotus seed contains an abundant amount of magnesium which is the highest channel 

blocker and significantly improves the blood and oxygen. They also help in the flow of other important 

nutrients. Low magnesium levels can put your body to the risk of heart attacks. Its consumption leads to a 

dramatic change in the heart condition as the content of folate and magnesium reduce the risk of diseases 

linked with coronary heart diseases 

Weight loss: Food items that have low glycemic index leave you feeling full and satisfied, eventually 

leading to weight loss 

Alternative medicine: As per traditional Chinese medicine, Makhana is extremely beneficial to 

strengthen the kidneys and spleen. Additionally, it helps in disorders like erectile dysfunction and arthritis. 

It is full of antioxidant properties which aid in digestion and rejuvenates the entire respiratory system and 

prevents excessive and frequent urination 

Insomnia: These Lotus seed have the ability to regulate and handle the unnerving condition of insomnia 

as it has a naturally sedative consequence 

Diabetes: The metabolic disorder accompanied by high blood sugar levels is diabetes which is the result 

of inappropriate working of the pancreas, which discharges the insulin hormone. Lotus seed contains vital 

proteins and starch which is great for the health of a diabetic 

Diarrhea: It is extremely helpful in getting rid of diarrhea. Lotus seeds are known to stop prolonged 

diarrhea since it contains a high quantity of caustic quality which if consumed, can even improve the 

appetite 

Enhance Sexual Performance: Consuming lotus seed can enhance the sex life of men due to the increase 

of sperm quantity whereas in women, it greatly helps in increasing the fertility 

Beneficial for blood pressure: A person suffering from hypertension, stress and blood pressure can be 

extremely benefitted by consuming Makhana as the high potassium helps in decreasing the same 

Arthritis: Calcium is very crucial for healthy bones and teeth. It is also very important to carry on various 

biochemical reactions in our bodies. Makhana too has a significant amount of Calcium which makes it a 

great option for strengthening bones. Mixing it with Moringa leaves powder or Curry leaves powder or 

Sesame Seeds powder makes it richer in Calcium. A meal made with these can be taken by people suffering 

from Arthritis to get some relief from joint pains. 

Anti-Inflammatory Properties: Makhana is rich in flavonoids and alkaloids. Flavonoids are important 

antioxidants promoting anti-viral, anti-cancer, anti-inflammatory, and anti-allergy (eczema, Sinusitis, hay 

fever, and Asthma) health benefits. Alkaloids are involved in many endocrine functions in the body. They 

are therapeutically used as antidepressants and reduce insomnia. 

Consuming Makhana on regular basis can benefit you from all the above health benefits. It keeps your skin 

wrinkle-free and young. It also prevents the greying of hair. 

Improve Cognitive Functions: Apart from good antioxidants, Phool Makhana is a good source of 

Vitamin B1 (Thiamine). Together, Antioxidants and Vitamin B1, improve the generation of Acetylcholine, 

which plays a prime role in neuro transmission. Consuming them maintains the cognitive function of the 

nerves. 

Detoxifier: Makhana antioxidants help in detoxifying the Spleen Organ which is involved in the formation 

and removal of Red Blood Cells.  It also improves kidney function, as a diuretic and useful for Gout patients. 

Research shows that Makhana’s antioxidant property helps in curing Diabetic Nephropathy. 

Improves Digestion: Makhana can help in improving symptoms associated with an Upset stomach like 

Indigestion and Constipation. People suffering from IBS -C, with constipation can include them in 

moderation to improve their health. 
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Can Cure Cancer: Research Study shows that organic compound Neferine, present in the lotus seed, has 

the potential to kill and hinder the spread of Lung cell Cancer. More research is going on Makhana/Lotus 

Seeds for curing Cancer. 

Side-Effects & Allergies of Makhana 
Lotus seeds have to be consumed in moderation as the excessive consumption may lead to side effects for 

some people. Some of the side effects that have come to light are allergies, gastrointestinal issues, spike in 

insulin levels etc. There could be lotus seed allergies possible in many people, so if you feel uneasy or any 

other symptom, you can consult your physician and discontinue its usage for a while. People suffering from 

diabetes should consult their dietician and physician before consuming Lotus seed. It tends to bring down 

the blood sugar levels. Excessive consumption of lotus seed may lead to constipation, flatulence and 

bloating. So, in case you are already constipated, do not consume it under any circumstances. If the patients 

are already on treatment, they should consult their physician before consuming lotus seeds as they are 

anti-arrhythmic. 
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A large range of individuals have mobile phones which may act as a game changer for knowledge 

assortment and dissemination of knowledge among the big farming community in India. The sustainable 

development, agricultural growth and rising incomes for farmers and digitisation is a very important 

variable for quick growth in this sector. Mobile services and therefore the web-based facility keep the 

farmers updated with relevant data associated with farming. All this needs revolution in scientific 

technology development, agricultural extension services and a significant network of promoting, storage 

and distribution. 

Introduction 
In India more agriculture growth is required for overall growth of the economy and conjointly to equip the 

people employment and food security to majority population. Approximately 45 per cent ICT projects of the 

whole world have been implemented in India and also maximum number of information kiosks has been 

employed in rural India. According to Dr. APJ Abdul Kalam to provide good nutrition and plenty of food to 

all Indians, food grains production needs to be enhanced to 360 million tons by 2020 so that along with 

sufficient domestic consumption have sufficient margin for food exports and aid other countries. The data 

disseminated facilitates the farmers to make a decision, a way to cultivate and to reap, what post-harvest 

management practices to follow, when and where to market the produce etc. 

Scope for Digitization in India 
To meet the challenges of global climate change use of ICT in agriculture is important than non-mandatory 

and might prove prommissable to boost the conditions of small holder farmers. E- agriculture release 

opportunities for non- ancient players within the agriculture worth chain. Better data will allow 

government as well as non-government organisations to design farmer-friendly policies and planned 

interventions. It provides reliable data for research and policy-making, and the fill the current information 

gap. It conjointly brings transparency in agricultural offer chains, removing the large difference that exists 

and guaranteeing adequate financial gain to the farmers. 

The Government has created 3 portals like farmer portal, Kisan call center and m-kisan portal to assist 

farmers take decisions in varied agro climate conditions for improved farming. Technology is vital in 

increasing growth through providing higher services and innovative delivery models. Crop health may be 

measured from pest infestation levels to wetness readings of the crop to satellite imagery of the warehouses. 

Mobile telecommunication is connected to satellites and knowledge delivered to centralized servers that is 

instrumental in changing grain into monetized assets. This sort of hi-tech intervention can enable money 

establishments to use agri-crop because the primary collateral is useful in promoting capital inclusion. 
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Introduction 
Embryo production, both in vivo and in vitro, is a reproductive technology generally used to improve the 

number of offspring from superior animals and disseminate germplasm worldwide. It is an important 

amenity for rapid animal development that allows for the exploitation of donors with compensable 

anatomical disabilities and sub-fertile conditions, for safeguarding germplasm from threatened species and 

domestic breeds and for reducing disease exposure and transmission. The technology involves super 

ovulation, an important step in increasing oocyte production from superior donors and the ability to produce 

more embryos than would otherwise be possible in natural reproduction. Both in vivo and in vitro 

techniques are discussed here. 

In Vivo Production of Embryos 
The embryos are produced either by single ovulation and embryo transfer technology or by multiple 

ovulation and embryo transfer technology. 

1. Single Ovulation and Embryo Transfer (SOET): It involves production of embryos in vivo without 

super ovulatory treatments. The objective behind this was to harness the natural cycle to produce embryos 

following natural or artificial insemination. It involves, only a single ovulation, and therefore only one 

embryo, can be expected per flushing. There is no need of exogenous hormones in this procedure. In this 

procedure, high-quality embryos can be harvested.  The limiting factor for the efficiency of the flushing 

session is oestrous cycle of the animals. On the basis of efficiency of collection and success of transfers, per 

year 3-6 calves can be produced by a donor.  

2. Multiple Ovulation and Embryo Transfer (MOET): MOET involves super ovulation, estrus 

synchronization among recipient, artificial insemination of donor, short-term in vitro culture of embryos, 

embryo recovery from donor and embryo transfer into recipients. MOET involves creating a herd of elite 

males and females and intensive selection and testing in the herd. Selecting elite males and females at 

early age is based on family information i.e., sibling, progeny or pedigree selection. Thus, the generation 

interval is considerably reduced and resulting in increased genetic gain. Superovulation is carried out in 

donors using hormonal preparations mainly follicle stimulating hormones (FSH) or pregnant mare’s serum 

gonadotrophin (PMSG). In superovulation, there is increase in number of follicles and release of numerous 

ova from multiple follicles and hence double insemination with semen from superior bull is to be carried 

out. This is followed by flushing of embryos on day 6 or 7 in cattle and on day 5 or 6 in buffalo. Surgical and 

non-surgical methods of flushing of embryos have been followed. Foley’s or Rusch catheter is used for non-

surgical flushing. A suitable flushing medium is flushed in and out of the uterus to harvest the embryos. 

The conception rate following embryo transfer in cattle and buffaloes is around 35-45%, and the main 

limiting factor for the ETT is that this technique involves costly hormones, labour intensive protocols and 

expertise in addition to the poor estrus expression and palpable characteristics of the ovarian structures 

and poor super ovulatory response and pregnancy outcomes, especially in buffaloes. 

Types of MOET Nucleus Scheme 
1. Juvenile MOET Scheme: The scheme represents selection of bulls and cows at early age before first 

breeding on the basis of information of dam and sire (record of dam, full sibs and half sibs). The generation 

interval in this scheme is 2 years. 

2. Adult MOET Scheme: Bulls and cows are selected after the first lactation record. Selection criteria for 

male and female are same i.e., full sibs, half sibs and dams record except their own lactation records. The 

generation interval in this scheme is 3.75 years. 
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3. Hybrid MOET Scheme: Females are selected on the basis of first lactation record while breeding males 

are selected on the basis of progeny testing. 

Advantages of In-Vivo Production of Embryos 
1. A high quality adult cow is able to donate ova for embryo transfer. 

2. Increased animal fertility. 

3. No surgery required. 

4. The whole process can be easily done on the farm. 

5. The embryos can be frozen and stored in a laboratory or embryo banks for future use. 

Disadvantages of In Vivo Production of Embryos 
1. It is expensive. 

2. Requires high level of management. 

3. Not all donors can respond well to the treatment. 

4. It requires skilled operator. 

5. It has low success rate. 

6. Future generation may not be normal. 

7. Transmission of embryos to the contraceptive mother can cause infection. 

In Vitro Production of Embryos 
It involves in vitro maturation (IVM), in vitro fertilization (IVF) and in vitro culture (IVC), which is also 

collectively called as IVMFC. The first calf produced by this technique was in 1981. In vitro maturation, 

fertilization and culture have provided an excellent source of embryos for embryo transfer, cloning, 

transgenesis, and other advanced in vitro techniques. It has also allowed the analysis of the developmental 

potential of embryos, pattern of gene expression, epigenetic modifications and cytogenetic disorders in 

various domestic species and has been used as a model for human embryogenesis studies. The major 

constraint is that the production efficiency of embryos through in vitro technique is low, i.e., only 30-40% 

blastocyst develops from oocytes after IVMFC.  

1. Oocyte recovery: This involves oocyte collection from slaughterhouse ovaries or from live animals 

followed by maturation and fertilization in vitro for the production of viable embryos. After that, one or a 

combination of methods of follicular aspiration, dissection or ovarian slicing is used. Presence and 

appearance of a multi-layer compact cumulus mass and homogeneous cytoplasm within the oocyte are the 

criteria for the selection of oocytes for IVM. Transvaginal ultrasound guided oocyte recovery (TVOR) also 

known as ovum pick up (OPU) are used for oocyte recovery from live animals for in vitro maturation and 

fertilization. Ovum pick up involves, recover oocytes repeatedly from superior female animals without 

slaughtering and disturbing their natural reproductive cycle. By using of hormones FSH and GnRH oocyte 

recovery can be increased. 

2. In vitro maturation: For maturation of immature oocytes aspirated from ovaries collected from 

slaughtered or live animals get influenced to a large degree by the maturation media and supplements. 

The various media used in IVM are tissue culture medium 199 (TCM 199), Ham's F10, Waymouth's MB 

media, DPBS or DMEM. Among these TCM 199 is widely used.  Hormones i.e., FSH, FSH-P, LH, estradiol, 

hCG are usually added to IVM media. 

3. In vitro fertilization: In in vitro fertilization, oocytes are usually incubated with pre-capacitated 

sperm. The incubation time of oocytes with spermatozoa in a fertilization medium varies between 6 hours 

to 24 hour and up to 48 hours. Capacitation of spermatozoa is necessary before incubation of oocytes and 

spermatozoa in a fertilization medium. For capacitating cattle spermatozoa heparin, follicular fluid or 

calcium ionophore-A23183 is used. However, for the buffalo only heparin at a dose rate of 10µg/ml is used. 

Capacitation in buffalo sperms can be assessed by chlortetracycline fluorescence assay (CTC) or Pisum 

sativum agglutinin fluorescence assay (FITC-PSA). The generally recommended sperm concentration for 

IVF is 2 million sperms per ml. For buffalo oocytes, Tyrode's modified medium (TALP) or Brackett and 

Oliphant (BO) medium are used as basic fertilization medium. Fertilization in vitro is carried out in 

fertilization drops of a fertilization medium covered with sterile oil and incubated in a CO2 incubator at 

temperatures and humidity similar to those used for IVM. The methods of determination of successful 
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fertilization are either staining of oocytes with 1% orcein in 45% acetic acid to locate the male and female 

pro-nucleus or observing the cleavage of fertilized oocytes 2 days post insemination.  

4. In vitro culture of cleaved embryos: Changing needs of the developing bovine embryo generally 

create 8-16 cell developmental block which is a culture induced phenomenon that is irreversible but does 

not result in immediate embryonic death. Due to general lack of understanding as to what caused this 

developmental block, and a few but highly variable results obtained, led to the advent of co-culture systems 

in cattle. Such a co-culture system with buffalo oviductal epithelial cells (BOEC) has been widely used in 

the buffalo and known to increase embryo development to the morula and blastocyst stages. However, the 

proportion of cleaved embryos that develop to the blastocyst stage is still around 20-35%. A recent study 

utilized either cumulus cell monolayer or amniotic fluid of a developing 3-day chick embryo for co-culture 

of 2-4 cell zygotes. The number of zygotes that reached the expanded blastocyst stage was 10% for both the 

culture systems. In vitro culture system requires substantial improvement in farm animals. 

Advantages of In Vitro Production of Embryos 
1. Rapid expansion of animal population. 

2. Rapid genetic progression. 

3. Increased farm income through foetal sale. 

4. Less chances of transmission of disease. 

5. Gene pool rescue from dead / frozen animals. 

6. Maintenance of low value lines. 

7. Genetic manipulation is easy as animal avoidance and foetal harvesting are avoided. 

8. Large amounts of zygote can be made at low cost. 

9. Less hormones are used. 

Disadvantages of In Vitro Production of Embryos 
1. It does not work in the event of poor mating eggs from females. 

2. Complications may arise during retrieval of eggs. 

3. Risk of multiple pregnancies. 

4. The method is expensive. 

Conclusion 
The embryo can be produced by two ways such as, in vivo and in vitro method of embryo production. In vivo 

method requires superior genetic makeup of animal to produce superior quality of embryos. The method is 

however accompanied with major drawbacks like, low success rate and higher level of management. 

Besides, in in vitro method, embryos are produced by elite animals that are non-productive in their natural 

services. The in vitro method produces lesser chances of disease transmission and rapid expansion of extinct 

animal species, thus making it better than the in vivo method. 
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Introduction 
The concept of ‘middle-income trap’ is becoming increasingly popular in the recent times and is used to 

describe the phenomena of sustained economic slowdown of developing economies. It refers to the 

phenomenon where rapidly growing economies stagnate at middle-income levels and fail to transit into 

high-income economies. It is a relatively recent phenomenon that was first explored by Gill and Kharas in 

the World Bank study "An East Asian Renaissance: Ideas for Economic Growth" in 2007. When countries 

are unable to compete with low-income and low-wage economies in manufacturing exports on the one hand, 

and find it difficult to compete with advanced economies in high-skill technologies on the other, they are 

said to be stuck in the middle-income trap. South Africa and Brazil are examples of such countries that 

couldn’t make a timely transition from resource-driven growth to productivity-driven growth (Kharas and 

Kohli, 2011).  

The concept of middle-income trap has been derived from the classification of countries by the World Bank 

in terms of per capita income. The World Bank classifies the world's economies majorly into four income 

categories viz., high, upper-middle, lower-middle, and low. This classification is updated every year on July 

1st. 

Table: Categorisation of countries in terms of PCI by World Bank using its GNI Atlas method: 

Category  Per-Capita Income (2019-20) 

Low Income Countries (LICs) $1035 or less 

Lower Middle-Income Countries (LMICs) $ 1,036 – 4,045 

Upper Middle-Income Countries (UMICs) $ 4,046 - 12,535 

High Income Countries (HICs) $  12,536 and more 

Source: World Bank 

Classification Method 
The classification of different economies is done using the Atlas method which is based on Gross National 

Income (GNI) per capita (current US $). Gross National Income or GNI is the money value of all the 

products and services produced in a country during a given year. It includes both the country's Gross 

Domestic Product (GDP) as well as income earned from foreign sources. This method utilizes the GNI of 

previous year for calculation.  

This classification of countries done by the World Bank is mainly determined by two factors: 

1. Economic growth, inflation, exchange rates and population level of a country are some of the factors that 

can change a country’s GNI per capita. Also, revisions in national accounting methods and data 

manipulation can have significant impact on GNI per capita. 

2. To keep the income classification thresholds fixed, they are adjusted annually for inflation using the SDR 

deflator. The Special Drawing Rights (SDR) deflator is a weighted average of the GDP deflators of China, 

Japan, the United Kingdom, the United States, and the Euro Area. 

Causes of Middle-Income Traps 
Various research and theories, including descriptive and statistical data, have been proposed to justify the 

presence of middle-income traps. The factors that have been identified as major causes for falling into the 

trap includes diminishing returns to physical capital, increase in labour cost, insufficient quality of human 

capital, inadequate contract enforcement and intellectual property protection, lack of access to advanced 
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infrastructure, skewed incentives and talent misallocation and lack of access to finance. These different 

factors differ among themselves for the reasons but on the whole, they all contribute towards the slowdown 

in productivity. 

Conclusion 
Middle income trap is said to exist when the countries make substantial progress in reducing extreme 

poverty and experiencing structural change and development but then find it difficult to transit from being 

a middle-income country to fully-developed country with high-income status. Despite the fact that each 

country's development path is special, the general prescription remains the same. Therefore, policymakers 

should review their growth strategies objectively in order to identify the most successful ways to accelerate 

productivity growth, which is crucial for promoting, nourishing, and sustaining long-term economic growth. 
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CRISPR-Cas9 (Clustered Regularly Interspaced Short Palindromic Sequences) system as bacterial immune 

system and magnificent tool for plant editing which are a family of DNA sequences found in the genomes 

of bacteria and archaea. The CRISPR-Cas9 system is an RNA-mediated sequence-specific adaptive immune 

system of the prokaryotes, which provide protection against bacteriophages and viruses.  

CRISPRs were first discovered downstream of the alkaline phosphatase isozyme gene (iap) in Escherichia 

coli (Ishino et al., 1987). Palindromic repeats are separated by short (32 to 36 bp) sequences derived from 

the DNA of viruses that have previously infected the cell or its predecessors. These virus-derived sequences 

integrated into the bacterial genome provide a memory system of previous virus infection. 

Once integrated into the genome, CRISPRs are transcribed and the virus-derived sequences form short 

guide RNAs that are bound by CRISPR associated protein 9 (Cas9) which is a DNA endonuclease. In 

bacteria and archaea, the natural role of the CRISPR-Cas9 system is to provide adaptive antiviral 

immunity against DNA viruses. Binary complexes formed by guide RNA-Cas9 recognize and cleave DNA 

of incoming viruses with sequence similarity to the guide RNA. 

 
Figure 1: Adaptive immune system of bacteria against bacteriophages 

Components of CRISPR/Cas9 
1. The important components in the system include Cas9 and gRNA.  

2. The nuclease Cas9 acts as a molecular scissors to cut the DNA strands.  

3. The gRNA directs the Cas9 to cleave the DNA at a specific position.  

4. Protospacer Adjacent Motif (PAM) –is required for a Cas nuclease to cut and is generally found 3-4 

nucleotides downstream from the cut site and localized on the non-target DNA strand, directly downstream 

of the target DNA sequence. 
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Figure 2: Components of CRISPR-Cas9 

Applications of CRISPR/Cas9 (Arora and Narula.,2017) 
1. Site specific DNA integration (Gene knock in-HR, Gene knock in- NHEJ, Native gene GFP fusion, Split 

Cas9). 

2. Gene expression regulation (Transcriptional and Post transcriptional). 

3. Genome wide functional screening (Repression, Activation, Enhancer). 

4. Chromosome structure/number manipulations (Deletion, Insertion, Translocation). 

5. Virus resistance (Cleavage of Viral genome, genome cleaning of virus, RNP removal). 

6. Transgene free modifications (Viral encoded editing, RNP editing, Crossing/selfing). 

Flow Chart Representing CRISPR/Cas9 Mediated Plant Genome Editing 

 
Figure 3: Procedure of Plant genome editing in flow chart 
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Examples of CRISPR/Cas9-Mediated Genome Editing in Crop Plants Cultivated in the 

Tropical Climates for Development of Tolerance to Abiotic and Biotic Stresses (Haque 

Et Al., 2018) 

 

 

Conclusion 
1. The novel technology CRISPR/Cas 9 has the potential to expedite the development of pest resistance in 

many crops without the need for extensive backcrossing and genetic manipulation with wild sources of 

resistance. 



 

 
Volume 3 - Issue 6 - June 2021       309 | P a g e  
 

2. It has the multiple uses in genome manipulation i. e., gene repression, Suppression of the gene promoter, 

gene inactivation etc., through the knockout or knockdown of the gene. 

3. Requires less time in introducing a resistant variety and also doesn’t harm the environment. 
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Introduction 
Weed management is the process of limiting weed infestations, so that crops can be grown profitably or 

other operations can be conducted effectively. Weed management is a part of crop protection where the 

yield losses will be around 40-45 per cent only due to weeds if they are not managed well. Since the level of 

yield losses are more as compared to pest and diseases, so we have to take care of crops from the infestation 

of weeds. The earlier method of weeding was hand tools where the Jethro Tull introduced the concept of 

horse hoeing husbandry. Later in 1900 mechanical method of weeding was came into existence followed by 

chemical method in 1950 and biochemical method in 1990. At present the digital / artificial intelligent 

technologies like robotic weed management is overtaking the conventional methods of weeding. ROBOT: 

Random Optical Binary Oscillating Technology. A robot is an artificial mechanical agent with 

electromechanical system. This device runs on software programming and various sensing devices 

ultimately making all complicated tasks easy to perform. 

Why Robotic Weed Management? 
1. Increasing number of herbicide-resistant weeds  

2. The future of herbicide-based weed management programs is uncertain  

3. No new mechanism of action in past 30 years 

4. Limited availability of effective herbicides  

5. High labor used in the crop production. 

Robotic Weed Control Promises A Step-Change in Agricultural Productivity by 
1. Reducing the dependency on labors. 

2. Reducing herbicide usage with efficient selective application to weed targets.  

3. Improving the efficacy of weed control would have enormous economic impact.  

4. Efficient technology to overcome weed management in organic farming systems. 

5. They can work in hazardous environments. 

6. They can work continuously without fatigue. 

7. Precision work.  

8. Increased productivity, safety, efficiency, quality and consistency. 

9. Complete multiple process at a time. 

10. Can do repetitive tasks. 

11. Facilitates over time operations. 

12. Sustain domestic agriculture. 

How robotic weed management works? 
1. Detection: Methods of detection:  

a. Image-based.   

b. Spectrum-based. 

c. Spectral image-based ground and aerial photography. 

The weed detection system has four major steps in fuzzy real time classifier viz.: 

a. Color based greenness identification 

b. Texture extraction 

c. Feature vector generation 

d. Classification 
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Note: The fuzzy real time classifier system considers the surface texture of the leaf parts (venation) rather 

than the size and shape of the individual leaf. 

2.  Mapping:  

a. It is a process of tapping locations, positions and density of weed species using facet of robotic 

vision. 

b. Used to record weed infestation and distribution Ex: Patchy condition. 

c. 19 species of weed can be recognized by the machines by colour pigmentation. (Tang et al., 2000). 

3.  Guidance: 

a. GPS Guidance: Real-time kinematic (RTK), global positioning systems (GPS) technology for auto-

guidance of the tractor.  

b. The use of auto steering shows that the working conditions of the operator is improved 

significantly in terms of reduced strain and improved work quality. 

4.  Control mechanisms: Control of arms, rotovators, valves, speed of the vehicle/robot, etc. to ultimately 

cause the effect i.e., action on weeds. 

Hoeing v/s Spray 
1. Robotic hoeing: The sensing need is for accurate detection and localization of the crop plants’ centroids 

(center of plant symmetry). 

2. Robotic weed spraying: The sensing need is for an accurate map of the location of the weed foliage for 

minimizing accidental targeting of the crop. 

Drones - The Flying Robots 
There are many drones for weed management which are known as the flying robots. Few models of flying 

robots which are there for weed control are mentioned in Figure 1. Blue river lettucebot2 (Blue River 

Technology/ See and Spray Technology) is recommended mainly for weed control in cotton crop on a large 

scale with saving of 90 per cent of the herbicide and 80 per cent cost over conventional method (Benoit et 

al., 2012). 

 
Fig. 1: Different types of flying robots for weed management in crop production 
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Disadvantages 
1. Limited access to the technology. 

2. It requires high cost of research, development, training, programming, installation and maintenance. 

3. A periodic human presence in the field. 

4. In future it could change emotional appeal to agriculture. 

5. Lack of access for poor farmers. 

6. They lack capability to respond in emergencies. 

7. They cannot easily adopt to unusual conditions like human being. 

8. Robots run with power but in India power cut is the major in farming region. 

9. They need technical workers for operation. 

10. It promotes unemployment. 

11. Weeds are used as fodder in India. 

Challenges 
1. Weed recognition and field mapping is necessary for an appropriate early automatic weed control. 

2. The reflectance characteristics of crops and weeds are generally similar in their early growth stages, 

thus imposing additional difficulties to discriminate between them (Lopez-Granados, 2011; Perez-Ortiz et 

al., 2016). 

3. Moreover, weeds can grow in small patches in the early season, which also adds challenges and requires 

high resolution imagery to detect them. 

4. Intra-row weeding is very uneasy and difficult task because it requires the location of the crop to be 

known so that the blades can be piloted effectively. 

5. Detection and mapping in mixed cropping is difficult. 

Conclusion 
It seems to be the right time to move forward towards a modern and sustainable agriculture that is capable 

of showing the full power of data-driven management to face the challenges posed by the weeds. In order 

to take the most advantages from robots, deep training needs to be delivered to users, ideally young farmers 

eager to learn and apply modern technologies to agriculture and granting a generational renewal still to 

come. Further, off road equipment manufacturers will play a key role in this move if agricultural robots 

are considered as the next smarter generation of farm machines. 
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Nematode Infection in the Host 
The plant in a given environment may be susceptible to one but resistant to another pathotype of the same 

parasite (Nematode). Under slightly different conditions (e.g., soil type, humidity, or temperature, resistant 

genes and morphologicial characters) it may be resistant to both pathotypes. 

 

Two Types of Resistance 
1. Active resistance- Post infectional resistance. 

2. Passive resistance- Pre infectional resistance. 

Passive Resistance- Pre Infectional-Resistance 
Passive or preinfectional resistance is conditioned by anatomical, physiological, and chemical barriers, 

which may hinder the invasion of the nematode or disturb its ontogenesis. There are two types of 

mechanism of passive resistance. 

1. The plant may produce toxins that kill the nematodes. 

2. Resistance may depend upon the fact that not every plant contains substances necessary for the 

development and reproduction of a certain nematode species, or contains them in an insufficient amount. 

Thus, this resistance is expressed by the failure of females to reach maturity. 

 

Examples 
1. Asparagus officinalis produces asparaguisic acid for the control of  - Trichodorus christiei. 

2. Tagetes patula and T. erecta  released  terthienyl and derivatives of bithienyl- Meloidogyne  spp and 

Pratylenchus spp populations.  

3. Eragrostis curvula is resistant to four species of Meloidogyne spp due to a high concentration of 

pyrocatechol in its roots. (Giebel, 1982). 

Active Resistance 
Active or post infectional resistance operates in host plants due to contact with parasites. This resistance 

is based on plant tissue hypersensitivity to nematode infection. The host-parasite interaction stimulates in 

the host definite biochemical reactions that cause histological changes, i.e. host cell necrosis. These necrosis 

form around the nematode, walling it off and either delaying development or causing the nematode to die. 
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Resistant Host and Susceptible Host 
Resistant host: 

a. The plant cell wall is the first physical barrier encountered by pathogens including plant parasitic 

nematodes (PPNs), fungi, bacteria, and viruses.  

b. Once the physical barrier is crossed by the pathogen, the host cytoplasm serves as the 

battleground where a war is fought between host and pathogen molecules. Next to the cell wall, 

there are membrane-localized pattern recognition receptors (PRRs) that recognize often conserved 

pathogen/microbe-associated molecular patterns (PAMPs/MAMPs) such as proteins, lipids, 

carbohydrates, and cell wall derivatives.  

c. As a consequence of the recognition of PAMPs/MAMPs, PRRs initiate a conserved downstream 

cellular signaling cascade referred to as PAMP-triggered immunity (PTI) inside the cytoplasm of 

the host cell. 

d. The responses include the activation of mitogen-activated protein kinases (MAPKs), the 

production of reactive oxygen species (ROS), and the induction of signaling pathways via salicylic 

acid (SA) and jasmonic acid (JA). 

Susceptible host: Susceptible host response to nematode invasion into three categories:  

a. Cell damage due to penetration is not conspicuous except for some cell separation. 

b. Only some cells are changed, exhibiting conspicuous lesions, necroses, or discolorations. 

c. Galls, multinucleate syncytia, or giant cells are formed, various degrees of hyperplasia and 

hypertrophy occur, and meristematic activity declines. 

Conclusion 
Several metabolic compounds varied from resistant and susceptible hosts. Those compounds will give the 

resistance to the host. Derive the resistant compounds from molecular approach and insert in  to the 

susceptible host and increase the resistant mechanisms. 
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Introduction 
Plastics have become one of the most ubiquitous materials used globally since their production started in 

1930s and 1940s. Considering the large-scale use of plastics in agriculture the term “plasticulture” has 

been coined which refers to the use of plastics products in agriculture. Polyethylene films have the potential 

to accumulate more organic contaminants than other type of plastics including polypropylene and poly 

vinyle chloride (PVC). Thus, even in case of their removal from the field, plastic film mulches (PFMs) are 

usually contaminated so much with debris, chemicals and soil that recycling also becomes very difficult. 

Despite of unprecedented success in management, treatment and recycling worldwide, the major segment 

of plastic waste still possibly ends up in dumpsites or is burned openly which release CO and CO2. 

Considering the greater dependency of agriculture on plastics and in turn the potential threats posed by 

its associated soil, water and environmental pollution, some interventions and remediation strategies are 

very much required to mitigate the risk associated with plastic pollution. 

Application Areas of Plasticulture Technologies in Agriculture 
Water management: 

a. Lining of canals, ponds and reservoirs with plastics films. 

b. Micro-irrigation (drip and Sprinkler irrigation). 

c. PVC and HDPE pipes used for water conveyance. 

d. Sub-surface drainage. 

Nursery Management: 

a. Nursery bags, Pro-trays, Plastic plugs, Coco-pits, Hanging baskets, Trays etc. 

b. Surface cover cultivation. 

c. Soil solarisation. 

d. Plastic mulching. 

Controlled environment agriculture: 

a. Greenhouses. 

b. Shade net houses. 

c. Low tunnels. 

d. Plant protection nets. 

Post-harvest Management: 

a. Plastics crates, bins, boxes, leno bags, unit packaging products etc. 

b. Controlled Atmospheric Packaging (CAP) & Modified Atmospheric Packaging (MAP). 

Advantages of Plasticulture in Agriculture 
Plasticulture applications are considered the most important indirect agriculture inputs which results in 

following advantages: 

1. Intensive cropping on small land area. 

2. Helps in crop and environment protection.  

3. Less input requirement, precise application of inputs and more input use efficiency. 

4. Excessive uses of inputs (fertilizers and pesticides) can be avoided. 

5. Easy to relocate and dismantled in case of low tunnel with low cost of operation. 

6. Higher yield and better-quality produce. 

7. Balanced plant nutrition and plant protection, which can never be achieved in the open field conditions. 
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8. Some of the low-cost technologies and design of polyhouse reduce the cost of production 

9. Shade nets helps to grow many off-season crops where conventional farming is too difficult.  

10. Mulching helps in soil moisture conservation, regulation of temperature in root zone, weed control and 

reduce damage to produce. 

11. Enhances photosynthesis by light reflected back to leaves, insect pest management.  

12. Drying of agriculture produce. 

13. Storage and packaging, transportation of agriculture produces. 

14. Use of innovative packaging solutions help in increasing shelf-life of fruits and vegetables.  

15. In controlled environment structures offseason cultivation of vegetables crops, flowers and high value 

crops, nursery and seedling raising and can be used in the area of aquaculture. 

Many scientists have worked on plasticulture in agriculture and I would like to quote few scientific studies 

here. Consistently lower aphid number was observed in watermelon on clear mulches plots compared with 

black and white films which had fewer aphids than bare soil. The maximum aphid population was caught 

on the control plot at 35 days after transplanting having 61 aphids/trap, whereas the plots mulched with 

clear polyethylene had only six aphids (Farias and Orazco, 1997). An increase in yield of papaya, mango 

and banana under plastic film mulched treatment (64.24, 45.23 and 33.95 %, respectively) over unmulched 

treatment. Further, there was increase in yield of broccoli, cabbage and tomato to the tune of 60.74, 39.16 

and 37.26 per cent respectively (Patil Shirish et al., 2013). Sajid Hussain et al. (2015) reported that, 

maximum grain yield in spring maize was produced in in furrow irrigated raised bed sowing with mulch 

(FIRBM) followed by flood irrigated flat sowing with plastic mulch (5 Mg ha-1). Mulching significantly 

increased the grain yield up to 6.25 per cent in FIRBM. Maximum water use efficiency of 12.5 kg ha-mm-

1 was measured in FIRBM and 11.33 kg ha-mm-1 in flood irrigated flat sowing with plastic mulch. Tyagi 

and Kulmi (2019) opined that, application of 30-micron silver on black plastic mulch in chili resulted in 

higher gross and net returns 4,55,400 and 2,87, 856 ha-1) and benefit cost ratio (92.71) as compared to 

without mulch.  

Plastics can play a major role in energy conservation because they require minimum energy in production 

and conversion to finished products. Plastics have definite advantages over conventional materials because 

it has several properties:  

a. Higher strength / weight ratio. 

b. Superior electrical properties. 

c. Superior thermal insulation properties. 

d. Excellent corrosion resistance. 

e. Superior flexibility. 

f. Impermeability to water. 

g. Resistance to chemicals. 

h. Less friction due to smoother surface. 

Environmental Concerns 
As with the concern in other sector, there are issues with their application in agriculture also which are as 

follows: 

1. Over time, film residue can decrease soil porosity and air circulation, change microbial communities and 

potentially lower farmland fertility. 

2. Fragments of plastic film have shown to release potentially carcinogenic phthalate acid esters into the 

soil, where they can be taken up in vegetables and pose a human health risk when the food is consumed.  

3. Plastic film fragments left in the fields can also accumulate pesticides and other toxins applied to crop 

which is special risk for goat, sheep and other livestock grazing on crop stalks.  

4. The plastic pollution that makes its way into rivers and oceans which can be toxic for aquatic life. Plastic 

film mulch is not easy to recover and reuse. 

5. Microplastics can interact with soil fauna, affecting their health and soil functions. 

6. Chlorinated plastic can release harmful chemicals into the surrounding soil, which can seep into 

groundwater or other surrounding water sources and also the ecosystem. 

Use of heavy metals like Aluminium, Bromine, Cadmium and Arsenic which are used as additives in 

polymer products causes breast cancer, apoptosis, DNA methylation and gastrointestinal damage, 
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respectively (Claudia et al., 2020). Jing et al., (2020) opined that, the presence of microplastics severely 

reduces soil quality, migration and trophic transfer of microplastics in heavily contaminated soils, 

particularly those in waste water irrigated and plastic film covered areas, pose substantial risk to the 

ecosystem. 

Mitigation Options / Alternatives 
1. Use of organic mulch (alternative natural materials obtained from plants and animals). Ex: conventional 

alternatives to plastics viz., paper, cotton and wood as well as less obvious solutions includes algae, fungi 

and pineapple leaves. 

2. Use of newer generation bio-polymers which are plastics made from biomass sources. 

3. Use of biodegradable mulches. 

4. Adoption of traditional resource management principles of reuse, reduce and recycle. 

There are some research findings which are alternatives for plasticulure in agriculture. The green alga 

Scenedesmus dimorphus shows the average percentage of degradation by 3.74 per cent and blue green alga 

Anabaena spiroides showing 8.18 per cent followed by diatom Navicula pupula contributing about 4.44 per 

cent (Kumar et al., 2017). Compared to the double ridge furrow fully mulched soil with white plastic film 

(DRWP) treatment, the reduction in grain  and biomass yield with double ridge furrow fully mulched soil 

with black plastic film (DRBP) was less than that of maize straw strip mulching with alternating strips of 

mulched and non-mulched soil and maize planted in non-mulched strips (MSSM), grain and biomass yields 

of MSSM were significantly reduced by 21.77 per cent and 18.47 per cent in 2017 and by 15.08 per cent and 

6.49 per cent in 2018, respectively (Xuemei Lan et al., 2020). 

Conclusion 
1. Although there are lot of positive effects of plastics in agriculture, the environmental and health risks 

are to be given prime importance.  

2. Biodegradable mulch is one of the promising alternatives that has almost identical mechanical properties 

to polyethylene film and can biodegrade after use.  

3. Microalgae are efficient in colonizing and biodegrading the surface of the polythene sheets.  

4. Devising strategies to cope with menace of plastic pollution must be based on the concept of 5-R’s, i. e., 

to reduce, reuse, recycle, rethink and restrain. 

Future Prospects 
1. Impact of plastic film mulch on the biochemical components of the crop plants should be identified before 

long-term adaptation.  

2. Studies on the screening of effective microbial strains which produce an array of hydrolytic enzymes are 

essential to eliminate the plastic pollution from the environment. 

3. There is need to explore ways to incorporate biodegradable mulches into the soil and application of 

products to accelerate microbial degradation. 
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Abstract 
Apiculture which is the process of rearing of Honey bee for various products such as Honey, Wax, Propolis 

etc. There are several species which can be reared but among those Temperate European bee and Indian 

Bee are reared most. Honey bee comes under the order Hymenoptera Family Apidae and having class 

Insecta as like other members of Class Insecta, Honey Bee also having three segmented body i.e., Head, 

Thorax and Abdomen. 

There are three castes of Honey Bee among those Queen lays eggs and workers performs other tasks related 

to collection of food and management of hive. Honey Bee provides many products as well as services, most 

important work they perform is the pollination of many angiospermic and cultivated plants even 80-90 % 

of pollination is only done by Honey Bee which is having 15-20 times more value as compared to returns 

from honey and other products, other than this indirect profit bees also provides direct benefits, many 

products such as Honey, Royal jelly, Venom etc which makes the Apiculture more profitable to farmers or 

bee keepers. 

Keyword: Apiculture, Honey bee, Apis cerana, Apidae, Bee keeping. 

Introduction 
Apart from crop production, horticulture production, dairy production, there are other businesses in India 

to promote agricultural production, which are helpful in boosting the economy of India, one of them is 

Apiculture, which we can earn millions of rupees by installing from small to big level it also plays an 

important role in providing employment to the unemployed people. 

Apiculture is a business that is very less expensive and can be used by every class farmer or landless farmer 

to boost their income. We can get various types of substances like honey, beeswax, bee propolis, bee venom 

etc. by the bee. And by selling them in the market, you can get income of millions. Apart from these, 

apiculture also plays an important role in increasing agricultural production and horticultural production, 

as the bee carries out pollination activity in the flowers, which leads to an additional one-fourth increase 

in crop production. 

Apiculture 
Apiculture is depicted as rearing and management of honey bees in artificial hive by humans for production 

of honey, bee venom, bee wax, propolis and royal jelly. 

Honey Bee 
Honey bee is the most vital insect among all beneficial insects. It can be illustrated as social insect because 

it assembles livelihood for family members by creating colony. We can extract various auspicious 

substances like- honey, wax, bee venom, propolis, royal jelly etc. which are superficial for human beings. 

Scientific Classification of Honey Bee 

Kingdom    Animalia  

Phylum       Arthropoda  

Class           Insecta  

Order          Hymenoptera               

Family        Apidae  

Genus         Apis 

Species       cerana  
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Castes of Honey Bee 
Honey bee is beneficial and widely known as social insect. It is habitual to live in colonies. Castes of honey 

bee consists of 30,000-50,000 members comprises a single queen, 200-300 drones and others are workers. 

Queen is a fertile female bee; worker is a sterile female and the drone is a male insect. 

1. Queen: Only one queen is found in a colony. A laying queen is the longest bee in the colony (15-20 mm 

length). It has larger thorax than worker. Her function is to lay eggs. All the members of colony are the 

birth gifts of queen, so, it is known as mother queen. She can mate with the drone, in the air once or more 

than one time in her life-time and lays eggs throughout her total lifecycle. She is nurtured by a mass 

number of nurse bees with exclusively nutritious food known as royal jelly. A good queen can lay 1500-2000 

eggs per day and about 15 lakh eggs are laid in her life times which are fertilized and unfertilized eggs. 

Fertilized eggs produce workers and unfertilized eggs produce drones. Queen lives for 2 to 5 year and when 

it is weak or unable to lay eggs it is replaced by one of the daughter queens. 

2. Drone: Male bee is usually known as drone, whose main role is mating with queen. Size of drone is 

smaller than queen, which is 15-17mm in length. Drones are around 200-300 in a hive. They do not colonize 

as a permanent member. They produce from the unfertilized eggs. When there is a shortage of food in the 

hive in the winter season, the workers throw them out of the hive. Due to which they die due to cold and 

lack of food. 

3. Worker: Workers are very important member of honey bee colony. All the work of comb is done by it 

only. There are known as undeveloped females, which are usually obtained from the fertilized eggs but 

uncertainly they remain sterile due to lack of royal jelly. 

Characteristics of a Worker Bee 
1. It is smaller than queen when comparison is among their size and they usually depict a sting on its 

terminal end of abdomen. 

2. For collecting pollens they have modified beautifully featured Hind legs. 

3. Flattened and spoon shaped mandibles are significantly used for molding the wax for prestigious comb 

building. 

Function of Worker Honey Bee 
Cleaning of the hive, feeding of larvae & raising queen cells when required. Construct the combs, Protection 

of comb, secrete bee wax, secrete bee venom through sting, Collect the nectar and convert it into honey, 

Collection of pollen and water, Worker helps in production of propolis, Produce the royal jelly for feeding 

queens and young larvae and The workers also feed the drones but when not needed, they are thrown out 

of hive. 

Biology/Life Cycle of Honey Bee 
The stages of development of honey bees are: egg, larva, pupa and adult: 

Nuptial flight: Daughter of queen usually takes nuptial flight in day time which is accompanied by drones. 

Drones follow the Queen propitiously. These drones fight among themselves and at the end one of the 

remaining drone mates with the daughter of the queen. After successful mating queen daughter lay eggs 

and then she becomes mother of those eggs. In each honey bee comb cell, an egg is laid by the queen. 

Egg: In each comb cell, an egg is laid by the queen. The eggs are long, oval, and light brown in color. They 

produce eggs in 3-4 days. 

Larva: Queens and workers get birth from fertilized eggs while drones are born from unfertilized eggs. 

The grubs are cylindrical and light yellow in color; they are fed with royal jelly for 2-3 days after that they 

are provided honey and nectar. The grub period lasts for 5-6 days. 

Pupa: Pupa takes place in cocoon and pupates inside the cell. The pupal period is up to 7-14 days (it 

depends upon the type of adult who produced). 

Adult: The time required for different types of adults in different stages is given below: 

S. No. Castes Egg  Grub  Pupa  Total  

1. Queen 3 days  5-5.5 days  7.7.5  days 15-16 days  
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2. Worker 3 days  5-6 days  10-10.5 days 18-28 days  

3. Drone 3 days  6-6.5 days  14-14.5 days 23-24 days  

Economic Importance of Apiculture 
Honey bee provided are different type products like-Provide honey, Provides wax, Pollination, Bee Royal 

jelly, Bee Propolis, Bee venom. 

1. Provides honey: Honey is a light brown viscous liquid produced by honey bees. Honey is a mixture of 

sugars such as fructose (38.5%), glucose (31%), sucrose (1.3%) and maltose (7.1%). To produce honey, honey 

bees suck nectar from flowers with the help of their proboscis and gloss and gather in the comb. Saliva is 

also added in minor concentration to the nectar during the sucking process. This collected material is filled 

into the honey chambers, known as raw honey and then it is dried with the help of wings so that it can 

become honey. When it is ready opening of honey chamber gets closed with the wax. 

Importance of Honey as a medicine: 

a. Honey is very nutritious food that has medicinal value. 

b. It is majorly used in Ayurvedic medicine. 

c. Fever can be eliminated by taking it. 

d. Blood can be purified by its use. 

e. This is also used to treat mental weakness/mental fatigue and tuberculosis. 

f. Apart from this, honey is used to treat stomach diseases, heart disorders, eye diseases and 

Cosmetic items. 

2. Provide Wax: It is secreted by the worker honey bees. Wax is producing by wax glands situated in the 

ventral side of the abdomen of worker honey bees. This dries up and accumulates above the hive, by which 

the walls of the hive are made. 

Importance and Uses of Bee wax: 

a. Wax secreted by bees is very expensive and useful. 

b. The Honey wax is also useful to human being. From this; cream, lipsticks, beauty lotions polish, 

carbon paper and various models are prepared.  

c. It is commonly use in laboratories to prepare blocks of tissue where it’s mixed with common wax. 

d. It is used in electric insulator and lithography. 

e. We can get more income by selling bee wax to any private cosmetic medicine companies. 

3. Pollination: Pollinators are insects that transfer pollen from the anthers to the stigma of a flower, 

enabling the flower to form seed and fruit. Honey bees play very important role in the pollination and the 

gardens which are not visited by bees bear comparatively less fruits. All bee species aid in pollination. 

Value of honey bees in pollination is 15-20 times higher than that of the honey and wax it produces. 80-90 

% pollination is done by the bees in the plants. 

Per cent increase in yield due to bee pollination in different crops: 

S. No. Crops Percent increase in yield due to pollination 

1. Mustard 43% 

2. Sunflower 32-48% 

3. Cotton 17-19% 

4. Lucerne 112% 

5. Onion 93% 

6. Apple 44% 

7. Cardamom 21-37% 

4. Bee Royal jelly: It is also a beneficial and expensive substance, which is secreted by the worker honey 

bee that is used for the nutrition of larvae, as well as adult queens. Primary secretion of royal jelly is done 

by "hypopharyngeal salivary glands" of worker bees. This type food of feeding for the development of queen 

morphology, including the fully developed ovaries needed to lay eggs. It is a rich source of proteins, 

minerals, vitamins, fats and other substances. 

Importance and Uses of Bee Royal jelly: 

a. It is also used in the control of various human diseases. 
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b. It primarily reduces the risk of heart disease by reducing cholesterol levels in humans. 

c. It is also important for treating eyes. 

d. It helps in diminishing the side effects that occur during the treatment of cancer. 

e. It plays an important role in healing old wounds and repairing skin. 

f. It is also used primarily in the treatment of bacterial and fungal infections. 

g. Royal jelly is available in the market in the form of capsules, cream, soft gels etc. 

5. Bee Propolis: Bee Propolis is not primarily secreted from the body of the bee. Propolis is a resinous 

material of waxy consistency that worker honey bees produce by mixing saliva and bee wax with exudates 

gathered from tree buds, sap flows, and other botanical sources and water. Its color varies depending on 

botanical sources & it is commonly dark brown. It is used as sealant for unwanted open space in the hive. 

It is used for small gaps (0.24in) while larger spaces are usually filled with bee wax. It is sticky at and 

above 20°C, while at lower temperature it becomes hard. 

Importance of Bee Propolis as a medicine: 

a. We can use honey propolis as a medicine for common cold and sore throat. 

b. It is effective in eliminating mouth ulcers. 

c. It proves effective in the control of skin diseases. 

d. It increases gynecological treatment and fertility in women. 

f. It is important in the treatment of fungal and ringworm. 

6. Bee venom: Bee venom is a colorless acidic liquid that is secreted from the acid glands of worker bees. 

When bee feels threat, she secretes it through a sting. It contains inflammatory compound including 

enzymes, sugar, minerals, and amino acids. Honeybee venom contains a toxic protein called Melitttin, 

which is antifungal, anti-bacterial & anti-Cancer. Bee venom is the most expensive of all bee substances. 

A kilogram of bee venom costs up to Rs. 70 lakhs, which is bought by various types of pharma- medicinal 

company. Bee venom can be the best source of income. 

Importance of Bee Propolis as a medicine: 

a. Bee venom is used for currying pains at joints. 

b. Use in Skin therapy. 

c. Bee venom is useful to lower blood pressure and cholesterol levels. 

d. It can be used in the form of pain relief tablets/injections. 
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Introduction 
Livestock industry is an important part of agriculture in India and it is considered as backbone of 

agriculture as it contributes 25.6 per cent to total agriculture, 4.11 per cent to GDP and 16 per cent to the 

income of small house hold. There is a large demand for green and dry fodder from livestock industry but, 

the scope of increasing the cultivated area under forages is rather limited, because of mounting pressure 

on need for food and commercial crops. Hence, the fodder production has to be increased per unit area per 

unit time. The present fodder resources in the country can meet only 45 to 50 per cent of the requirement 

and the magnitude of fodder deficit vary from state to state. By practicing the de-topping in commercial 

grain maize, we can increase the fodder production, quality and it also reduces the deficit of fodder to some 

extent.  

Amongst the various annual fodder crops grown in different seasons, maize has an edge over other 

cultivated fodder crops due to its high production potential, wider adaptability, quick growing nature, 

succulency, palatability and excellent fodder quality. It is free from toxicants and can be safely fed to 

animals at any stage of crop growth. Its fodder contains about 8.62 to 10.32 per cent crude protein, 29.92 

to 31.38 per cent crude fibre, 1.27 to 1.35 per cent ether extractable fats (EEF) and 8.45 to 9.24 per cent 

total ash (TA) (Ibrahim et al., 2012). Use of high yielding varieties/ hybrids along with improved agronomic 

practices are helpful in boosting the forage yield. Among the several agronomic practices, de-topping is one 

of the practices, practiced by maize growers. De-topping refers to nipping or the removal of terminal portion. 

Advantages of De-Topping in Maize 
1. De-topping helps to improve the yield through greater functioning of remaining leaves by: 

a. Arresting unnecessary growth. 

b. Decreasing mutual shading of leaves. 

c. Enhancing light interception. 

d. Increasing nutrient uptake. 

e. Decreasing competition between the top portion of plant and cob for available plant nutrients. 

f. Diverting plant nutrients to the reproductive part which aids in better source-sink relationship 

and better cob development. 

2. Provide quick green fodder in case of emergency. 

3. Provide green fodder to animals without sacrificing the grain yield. 

4. It will provide the nutritious fodder. 

5. Helps to increases the milk yield of milch animals. 

6. Helps to avoid lodging problem in case of excessive vegetative growth in fertile soils. 

7. It helps in maize based cropping system – Farmers are practicing in maize based inter cropping system 

to avoid the shading effect of maize leaves and to increase the light penetration and nutrient availability 

to inter crop. 

8. In hybrid seed production helps to produce good quality seeds – In seed production plot there is a 

possibility to mixing of pollen from same plant which leads to inbreeding depression as maize is a cross 

pollinating crop. By practicing the de-topping, we can avoid the mixing of pollen and we can also get 

additional green fodder. 

Because of all these reasons de-topping became one of the most economical way of increasing the yield and 

acts as platform for short period supply of green fodder to the livestock. 
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Suitable Time, Height and Method for De-Topping in Maize 
1. Removal of top leaves can be done after completion of photosynthetic activity and during grain filling 

stage such as 80-85 days after sowing. 

2. We can cut the maize top at 10th inter node from the bottom after complete grain filling. 

3. We can remove all the leaves above the maize cob after completion of grain filling stage. 

4. De-topping either at 20 or 30 days after silking is better for getting higher grain yield over 10 days after 

silking. 

Defoliation at 10 days after silking is optimum in comparison to silk initiation or 50 per cent silking stage 

in South African Tall fodder maize (Umashankara, 2007). In another experiment at Mandya, Karnataka it 

was found that de-topping by removing top two leaves at 20 days after silking was better (Amulya, 2018). 

De-topping at 47, 50, 52-55 DAS resulted in similar effect in baby corn. It was better than detasseling in 

getting higher green cob yield (Rathika, 2014). This stage also coincides with the 9, 10 and 11th inter node 

development of maize plants. In maize and finger millet relay intercropping system de-topping is done 

when the outer husk of the ear turns brown, just before maturity to get green fodder during monsoon and 

to reduce the shading effect maize to intercropped finger millet (Subedi, 1996). 

Production Potential 
In practical point of view if we adopt a de-topping practice in only 0.05 per cent of total maize cultivated 

area in India (9.86 m t), we can bring 4,930 ha area under de-topping. From this area estimated green 

fodder production is 49,300 t (10 t ha-1). It helps to meet the little demand of livestock industry.  

In case of farmer’s field, by practicing the de-topping in 5 guntas of his 1-acre area they can get 0.5 t of 

green fodder yield without affecting the grain yield which is sufficient to meet demand of his own farm 

animal and increases the milk yield. 

Conclusion 
1. De-topping of maize will increase the green fodder yield with little or no reduction in stover and grain 

yield. 

2. There will not be much difference in the grain yield produced by de-topping and no de-topping treatment. 

3. De-topping at 20 or 30 days after silking or after physiological maturity of the crop provides short supply 

of fodder. 
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Introduction 
Forensic Entomology plays a significant role in the investigation of deaths. It is a branch of forensic science 

that deals with the study of insects for forensic analysis. Forensic Entomology is the application of 

zoological principles for gaining forensic insights. Study of insects and other arthropods found on and near 

a cadaver are crucial to estimating the post mortem interval. Post mortem interval i.e., the time that has 

elapsed since the death of a living being is vital in probing the death of humans and animals. Post mortem 

interval is estimated by a scientific evaluation of the insects present at the scene and on the body. It also 

requires a thorough examination of the environment in which the corpse is found to study the succession 

patterns of the insects. Forensic Entomology is particularly useful for conducting forensic investigations in 

legal and criminal cases. It is mostly applied for investigation of a death, it is also helpful in detection of 

drugs and poisons, determination of the location of an incident and estimation of the time of infliction of 

wounds. 

Application of Forensic Entomology for Investigations Other than Death 
1. Food Infestation Cases: Food production facilities where Integrated Pest Management procedures are 

not followed can be quite enticing for pests. Cases involving the contamination of food products with insect 

debris call for the involvement of a forensic entomologist to investigate and provide litigation support. 

2. Presence of Drugs: An analysis of the bodies, feces and dead skins of insects feeding on carrion and 

cadavers helps forensic entomologist determine the presence and type of drugs or poison in the body. 

3. DNA Extraction: Blood-sucking insects consume blood that makes it possible for a forensic scientist to 

use it for extraction of DNA. This is helpful in cases where the assailant leaves a bite-mark evidence. 

Techniques Used in Forensic Entomological Investigation 
Scanning Electron Microscopy: The insect larvae, eggs, and other minute body parts can be examined, 

observed, and identified using scanning electron microscopy can be useful in the determination of the post-

mortem interval of time since death. This technique can provide information about different morphological 

features of the insect life cycle. 

Potassium Permanganate Staining: It is a low-cost technique. This 1% potassium permanganate 

solution is used along with the normal saline. The collected entomological evidence is rinsed in the solution. 

The samples are observed under a light microscope. 

The features like identification of the stage of the life cycle of the insect, shape, size, length, and width of 

the stages can be determined by this method. All these features contribute to the determination of the 

species of insects and time since death. 

DNA Profiling: The DNA profiling of the insect samples can be useful in the determination of the species. 

This process can help in determining the time since death as well as the place of death. As the more complex 

the insect form, the more time has passed since death also different regions of the world are associated 

with the diversity of different insects common to a particular place or location. 

Uses of Insects in Forensic Entomology 
The following insects are used in forensic entomology: 

Flies: Flies are the first insects that are attracted to a corpse. Their offspring, maggots, feed on moist 

cadavers. Following are the flies that have relation to forensic entomology. 
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Blow Flies: Blow flies are the first insect to the application of forensic entomology in Song Ci’s book. These 

metallic looking flies have the ability to smell decaying flesh from up to 16 km away. That’s called as having 

some real olfactory senses. 

Flesh Flies: Flesh flies breeding site is decaying corpses, garbage, dung or any other decaying material. A 

few species, however, lay their eggs in the exposed wounds of mammals. Being viviparous in nature, flesh 

flies often give birth on decaying human and animal corpses. 

House Flies: This is most common type of flies. It is act as a vector of many serious diseases. 

Cheese Flies: These flies are mostly found in animal products and fungi. Their larvae most infest smoked 

fish, cured meat, cheese and decaying animals. The presence of cheese fly larvae is crucial for estimating 

the time of death for humans. 

Beetles: Beetles generally infest a corpse in the later stages of decomposition compared to flies. Beetles 

are replaced by moth flies in drier conditions. 

Dermestid Beetles: Also called as skin or hide beetles, they infest a decomposing cadaver only once the 

soft tissues have been devoured by other organisms. They thrive on the skin and hair and are one of the 

most common insects collected by forensic entomologists from human corpses. 

Bone Beetles: These are also collected from corpses in the later stages of decomposition. Beetles belonging 

to this family (Cleridae) feed on decaying flesh, leaving the skeletal remains immaculately clean. 

Carrion Beetles: The larva of this beetles is known to thrive on vertebrate carcasses while the adults 

devour maggots. These chaps are quite a patron of social service as they have a tendency to dig and inter 

small carcasses underground. 

Hide Beetles: These feed on decaying carcasses and dry animal products such as bacon, dog treats, dried 

fish, cheese, and They usually form clusters around resources where feeding and mating are likely to 

happen. 

Rove Beetles: Rove beetles are different from carrion beetles in a way that they feed on cadavers or 

carcasses and not on decaying flesh (carrion). They thrive on maggots and other insect larvae present on 

carrions. 

Scarab Beetles: Scarab beetles belong to the Scarabaeidae family that also includes dung beetles which 

are generally found on or under carrion and corpses. They feed on fungi, dung or decaying flesh and act as 

a cleanup crew for the animal kingdom. 

Sap Beetles: These beetles are mostly found near fermenting or decaying plant fluids such as rotting 

melons or tree sap. Some sap beetles though infest carcasses also and are very crucial in forensic 

entomology. 

Clown Beetles: Also known as Hister beetles, these beetles are smart players. They usually hide under 

the carcass during the day to emerge at night and feed on maggots or dermestid beetle larvae thriving on 

it. 

Dung Beetles: These beetles thrive and feed on carrion. Their larvae feed on decaying fungi, manure and 

vertebrate carcasses at any stage of the decomposition. 

Mites: Macrocheles mites feed on carcasses in the early stages of the decomposition whereas Tyroglyphidae 

and Oribatidae mites thrive on dry skin later in the decomposition process. 

Moths: The larvae of moths that are active primarily during twilight and daytime feed on the hair of 

mammalian corpses and are amongst the last animals joining in the decomposition of a corpse. 
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Introduction 
Nematodes parasitizing plant tissues cause mechanical damage with their stylets. Presumably, they also 

secrete hydrolytic enzymes from their esophageal glands which dissolve cell walls, enabling intracellular 

and intercellular movement of endoparasites which act as "digestive enzymes," digesting solid components 

of cells that can be imbibed by the parasite. 

Examples 
Strong lysis of cell walls in stems invaded by Ditylenchus dipsaci and in roots invaded by Meloidogyne spp. 

and Heterodera spp. does not seem to be only the result of the activity of enzymes secreted by nematodes. 

What Happens to the Plants? 
1. The result of host metabolism disturbance some additional plant endohydrolases are activated or 

cellulose biosynthesis is disturbed. Such a high hydrolytic activity favours the rapid destruction of cell walls 

and protoplasts of the host plant. 

2. Many hydrolases have been found in nematodes .The most common are cellulase, protease, and amylase. 

These hydrolases are the primary reason for metabolic changes caused by nematodes. Enzyme activities in 

nematodes are probably influenced by parasitic activities. 

3. The hydrolytic nematode enzymes that destroy host cells may activate plant endohydrolases.  

4. In this manner the total hydrolytic activity at the feeding site can increase. Treatment of plant tissues 

with pectolytic and cellulolytic enzymes involves the activity of oxidoreductases. 

5. The area invaded by M. incognita and G. rostochiensis hydrolase, oxidase and dehydrogenase activity 

was found to increase. 

6. The oxidoreductases seem to be connected with susceptible-resistant response of plant tissues, as they 

are able to modify many physiologically active host cell components such as phenols, auxins and amino 

acids. In general, oxidation leads to maturation, differentiation, and senescense of cells. 

7. On the other hand, reduction leads to cell division. Young and active cells are characterized by high 

"reducing power". It is possible to assume that redox potential in cells may determine the plant tissue 

response to nematode infection. 

Enzymes Nematode species 

Pectinmethyl esterase  Ditylenchus triformis, D. myceliophagus  and  

D. dipsaci alfalfa race  

Nonspecific esterases  Meloidogyne javanica  and M. hapla  

Alkaline phosphatase  Meloidogyne spp.  

Acid phosphatase  D. triformis, Meloidogyne spp and Tylenchulus semipenetrans  

Amylase  Aphelenchoides sacchari, T. semipenetrans,  

D. dipsaci, D. destructor, D. triformis, Heterodera schachtii, 

Globodera rostoechiensis  and M. javanica  

Chitinase  D. dipsaci, D. myceliophagus and D. destructor  

Cellulase A. avenae, A. sacchari, D. dipsaci,  

D. myceliophagus, D. triformis, Radopholus, similis, 

Helicotylenchus nannus, Pratylenchus penetrans,  

P. zeae, H. trifolii, H. schachtii, M. arenaria,  

M. incognita  and T. semipenetrans  
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Polygalacturonase  A. avenae, P. zeae, D. dipsaci, D. myceliophagus  and  

D. destructor  

Invertase  A. sacchari, M. arenaria, R. similis  and P. penetrans  

β-Glucosidase  P. penetrans, Aphelenchoides fragariae and G. rostochiensis 

Conclusion 
Blocks this nematode enzymatic activity and increase the resistance mechanisms in the plants. 
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Introduction 
Canopy management is the ‘art’ of fruit growing it is much more than cutting off a few branches to optimize 

fruit crop, thoughtful canopy management is one of the most important subjects to master, and the best 

way to master it is through practice. Canopy in a fruit tree refers to its physical composition comprising of 

stem, branches, shoots and leaves. The canopy density is determined by the number and size of the leaves, 

architecture of stem, branches and shoots. Canopy management of the fruit tree deals with the development 

and maintenance of their structure in relation to the size and shape for the maximum productivity and 

quality “canopy design and shape influence light interception with assured fruit production 

resulting higher monetary returns to growers.” 

Role of Canopy Management in Fruit Crops 
1. Light is an important factor in production of fruit. It has a role in flower induction as well as in fruit 

development through carbohydrate synthesis. While increased assimilates in the shoots for flowering, high 

yield of quality fruits is attributed to high light interception and distribution in the tree canopy. 

2. Light interception is influenced by plant density, canopy shape, canopy leaf area index and can be raised 

by increasing the density of foliage in the canopy, the height of the tree and number of tress per hectare. 

Light intensity decreases, within the tree canopy as the outer portion shades the inner canopy. Light 

exposure influences flower bud differentiation, fruit set, fruit colour and quality.                          

3. In the canopy management, major emphasis is usually required to reduce the excessive canopy shading 

and increase the air circulation in the fruiting region.                                                

4. Trees have a set amount of energy (created through photosynthesis) that they can use to grow based on 

external and internal cues, they will produce either reproductive growth or vegetative growth. Canopy 

management manipulates the allocation of the tree’s resources to favor one kind of growth over another 

creating the right balance is crucial.     

5. Ideal canopy architecture should fulfill as many as possible principles involved in canopy management. 

i.e., the canopy size should be dwarf, spreading and open in mango and guava.      

6. In order to obtain more yield per unit area of the land, it is desirable to have the required surface area 

per canopy volume by increasing the canopy height. But due to inconvenience in carryingout the cultural 

operations including harvest, the canopy height should be at manageable level. 

Trees’ canopy grows in different ways 
1. Primary Growth: Growth in length of limbs this form of growth results from the activity of the ‘apical 

meristem’, which creates undifferentiated.                                       

2. Secondary Growth: Growth outwards and in diameter i.e., thickening of the limbs.  When managing 

the canopy, it’s important to know what age of wood you’re working with. This is referred to in years, e.g., 

one year old wood, two-year-old wood.                                         

3. Current Season Growth: The new shoot growth expanding from the last terminal bud. At the end of 

the season, when the tree goes dormant, it sets up a new terminal bud at the end of the growth.   

Fruiting Habit of Fruit Crops 
1. Pome Fruits: (Apple, Pear) will only produce fruit on three-year-old wood or older. New shoots become 

year 1 wood. The cells will differentiate in year 2, developing small spurs which will eventually bear fruit. 

This wood overwinters, and blooms in year 3. Good fruit production will occur on 4–5-year-old wood.  
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2. Stone Fruits: (Plum, Peach, Cherry) produce fruit on two-year-old wood. Buds grow in late summer, 

after the harvest, rather than in early spring.                  

3. Tropical and Sub- tropical fruit:  There is no complete cessation of growth at any particular time of 

the year. However, the growth is drastically slowed down during winter months trees undergo some sort of 

dormancy or rest during winter months. At the end of winter in February-March, the buds start to grow at 

a rapid rate and trees may bear a new vegetative flush. Usually, the growing buds are positioned either 

laterally on branches or at their tips. They can be formed in the previous growing season and remain 

dormant over the winter for four months or more.        

Growth Habits of  Fruit Crops 
Growth Habit: The growth habit of a tree is its natural inclination towards a certain canopy shape. There 

are two basic growth habits. 

 
1. Acrotonic 

Acrotonic: Strong growth at the top of the tree, at the expense of weaker growth on lower levels. Red 

Delicious apple has this tendency due to apical dominance.      

Basitonic: Lower branches are stronger and outgrow the top of the tree. Braeburn apple trees have this 

tendency. There are also a number of growth habits in between, such as columnar or conical shaped 

canopies. When managing a canopy, we generally seek to develop a conical shape where the top of the tree 

is narrower than the bottom. 

 
2. Basitonic 

Practices for Canopy Management 
1. Training of Fruit Trees: After planting the fruit plants in the orchard, the training starts from day 

one. Initially few branches arising from rootstock portion and 10-15 cm above the union are removed at the 

time of planting. When vines are staked or tied over a trelly or pergola in a certain fashion or some of the 

parts are removed with a view to give it a desired shape, the operation is called training.  

The training is done with the following objectives:              

a. To admit light up to centre of the tree and provide sufficient movement of air across the plant. 

b. To increase photosynthetic activity by exposing leaves to the sun .    

c. To provide strong scaffold system this could bear the heavy load of fruits, without limb breakage. 

d. To make hoeing, spraying, irrigation and other cultural practices at a nominal cost.   

e. To get balanced distribution of fruit over the tree. 

2. Pruning of Fruit Trees: Normally pruning is an invigorating process. Many at times it is carried out 

to encourage new growth and fruiting.  Pruning is defined as the removal of unwanted parts, like shoots, 

branches roots to allow the fast growth in the remaining parts. Time of pruning in different fruit plants 

differ from fruit to fruit.  Normally deciduous fruits trees are pruned when complete dormant after shedding 
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of leaves.  Pruning of pear, peach and plum should be done in December-January, whereas phalsa and 

grapes needs to be pruned end January-February first week. Ber which is summer deciduous should be 

pruned in May-June.          

Pruning is done with the following objectives:                            

a. To remove the apical dominance for encouraging branching.  

b. To remove unproductive over crowded branches.  

c. To remove diseased and dead wood branches.  

d. To encourage vegetative growth.  

e. To control the overall size of the fruit tree.  

f. To regulate fruiting for regular cropping.  

g. To give particular training. 

Training Systems for Fruits Crops 
1. Central Leader System: The central leader is allowed to grow uninterrupted. The secondary's grow on 

the central axis on all directions. The fruit tree grows in a natural way tree trunks become very strong due 

to the spread of many scaffolds and secondaries. This system is most suited to litchi and mango. 

 

2. Modified Leader System: The central leader is allowed to grow to produce 3-4 side branches, then it 

is headed back at 75 cm height for low headed and at 90 cm for high headed plants. In the next year, the 

top bud sprouts to take the shape of the central leader, which is again headed back after getting 2-3 

scaffolds at the last scaffold giving it an open centre. This can be done after 2-3 years of removal of the 

central leader that is why the system of training is called modified leader system of training. 

 
Espalier Architecture 

3. Open-centre System: The plants are planted in the orchard and simultaneously headed back to 75 cm 

height.  The well placed 4-5 side branches are allowed to develop on the main axis. The selected scaffolds 

are made to produce secondaries and tertiaries just like in modified leader system. 

4. Espalier Architecture: A great method for saving space when growing dwarf trees-training limited 

branches horizontally. 

Pruning Systems of Fruit Crops 
1. Disbudding: The optional process of gradually removing the buds that grow on the plant’s stem in order 

to enhance the lifespan and development of the remaining buds. Disbudding is a distinct and important 
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form of pruning, applied to all trained fruit trees. The time to carry out disbudding of fruit trees is in spring 

and early summer before. A few unwanted shoots being removed every few days. Care must be taken not 

to tear off strips of bark; it is safest to pinch them off with finger and thumb, rather than to tear them with 

a pulling, jerking action. 

2. Heading Back: This type of pruning can be done both evergreen and deciduous trees to remove apical 

dominance and encourage side branching. For peaches which bear on new growth, this type of pruning is 

an annual feature for getting regular fruiting. Normally 1/3 of the top shoot is removed every year during 

pruning. However, in some fruits like phalsa the whole bush is headed back to the ground level to develop 

sufficient number of branches for bearing regularly. 

 
3. Thinning Out: When there is a bushy growth of side shoots on the secondaries or tertiaries, some of the 

branches are removed entirely from point of emergence without leaving any stub. It results in providing 

light and aeration in the tree. Thinning out encourages fast growth of the remaining terminals.  This gives 

the tree a leggy growth to get best results from pruning a mix of heading back and thinning out will be best 

for long-term production of quality fruits from peaches. 

 

4. Renovating old trees: In some cases, it may seem desirable to attempt to reduce the size and improve 

the structure of trees that are large and old but otherwise in good condition. Though all the advantages of 

a density planting are obviously not possible, reducing the size of such trees should provide some of the 

benefits, such as easier management and harvesting and improved fruit quality. Very rarely are the results 

completely satisfactory to be at all effective, such trees must be severely topped and headed back on the 

sides, with removal of an inordinate amount of the total bearing surface. 

5. Bending of Scaffolds: To manage the canopy and get early fruiting from trees with long juvenile period, 

the bending of branches has been successfully practiced in pear.  The bending of flexible scaffolds downward 

can be carried out by tieing the scaffolds to the trunk of the same tree or on to pegs in the basin of the tree.  

Bending of scaffolds provides the advantage of geotropism. Bending also helps in the sprouting of buds to 

produce good number of secondaries on a scaffold.  The bending of scaffolds can be carried out in Guava, 

Mango and litchi in addition to pear. 

Advanced Method of Controlling Some Fruits Tree Canopy 
1. Use of genetically dwarf scion cultivars: 

Crop  Genetically dwarf cultivars  Desirable features  

Apple Spur bearing varieties Wijik Mc Intosh 

and Golden Delicious 

Bear on short stems, spurs; grow to 60-70% the 

standard cultivar in vigour and bear more spurs 

and yield more  

Peach  Redheaven  Dwarfing and high yielding  
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Cherry  Compact Lambert, Meteor and  North 

star 

High yielding, self-fruitful, dwarf  

 

2. Use of dwarfing Cultivars and rootstocks: 

Crop Dwarfing cultivar/ rootstocks  

Apple  M-9, M-26, M27, MM-111, MM-106, Bud.9, Bud.146, P-22 and Ottawa 3 

Pear  EM Quince A &C  

Peach  SiberianC, St Julien X P.besseyi and Rubira  

Plum  Pixy  

Cherry  Colt, Charger and Rubira  

Lemon  Meyer lemon, Ponderosa lemon, Kagzi kalan lemon 

Guava  Psidium friedrichsthalianum, Aneuploid no. 82 

Citrus relative Kumquats 

Citrus hybrid Limequats  

Mango  Vellaikolumban, Amarapalli 

Mandarins  Kwanowase, Anaseullis, Satsuma mandarin  

Oranges  Gladokokoryl  

3. Use of growth retardants: Various growth retardant have been used torestrict the vegetative growth 

of the plant. Among them the commercially adopted are, CCC, Ancymidal, Paclobutrazol, B-9 (Phosphon 

D) and chloramqute. 

 

 
PBZ treated Control 

4. High density planting: It enables profitable cropping, high regular yields and improved farm 

management practices, leading to higher productivity. Use of growth retardants which restricts tree growth 

and encourages early flower induction, have also been found helpful for these high-density planting 

systems.  High density planting technique is a modern method of fruit cultivation involving planting of 

fruit trees densely, allowing small or dwarf trees with modified canopy for better light interception and 

distribution. First planted in Europe at the end of 1960.  Irrigation and fertigation are automatically 

controlled. Such system produces precocious cropping, high and regular yields of good quality fruits and 

low labor requirement to meet ever rising production costs.              

5. Induction of viral infection: Though still not popular and emerged as commercially but tree size can 

be reduced by inducing viral infection like in apple, virus free rootstocks series East Malling long ashton 

(EMLA) are vigorous than their infected counterparts. 

Tools for Canopy Management 
Loppers: Find a pair with a bypass blade instead of anvil cutters-this will ensure that you slice the branch 

instead of crushing it. A commercial grade pair such as these ones by Corona are best. 
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Secateur: Secateurs are handy for tip pruning and cutting out shoots and suckers. They should be kept 

sharp at all times. Regular cleaning and a drop of oil prevents the blades from sticking. 

 

Tree Saw: Best for big old trees with branches that are too big for loppers. Most tree saws cut on the pull. 

 

Ladder: A ladder is the best way to get up into a taller tree and see what you’re doing. It will save you 

from reaching up and straining. 

 

Hand Shears: These are good for young trees with low, thinner branches. These should be made of good 

steel and should be kept sharp using a wet stone. 

 

Conclusions 
High yield and high fruit quality can be achieved with a good orchard canopy when the orchard has good 

light distribution throughout the tree canopy and there is a balance between vegetative growth and 

cropping.  Proper training and pruning are essential for canopy management. Dwarf root stocks and 

varieties are pre-requisites for high density planting. Cultural practices need to be integrated for higher 

production and quality. Growth retardants along with pruning and proper spacing should be used. 

Successful growers will maintain a balance between vegetative growth and cropping by regularly renewing 

the fruiting wood on the tree, moderate levels of nitrogen and proper crop load management. 
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Abstract 
World agriculture in the 21st century will face three major challenges: how to feed a growing population, 

how to contribute to reducing the still high prevalence of rural poverty and how to respond to increased 

concerns about managing the natural resource base. Addressing these challenges requires development 

and scale-up of new, innovative, and environmentally friendly agricultural methods and technologies. For 

farmers today, efficiency and constant improvement is crucial. Incorporating new technology is one way for 

farmers to change the way they operate for the better – helping them to make better business decisions, be 

more efficient and produce a better product. The concept of vertical farming has come to urban areas and 

growers’ ability to refine methodologies is turning the practice into a regular occurrence. A key benefit of 

vertical farms is that they grow food in a safer environment, protected from unstable weather patterns and 

natural disasters that can impact outdoor farms. 

Keywords: 21st century, agriculture, challenges, farmers, vertical farming. 

Introduction 
Population experts anticipate the addition of another roughly 3 billion people to the planet’s population by 

the mid-21st century. However, the amount of arable land has not changed appreciably in more than half 

a century. It is unlikely to increase much in the future because we are losing it due to urbanization, 

salinization, and desertification as fast as or faster than we are adding it (The Land Commodities Global 

Agriculture & Farmland Investment Report, 2009). Declining factor productivity, climate change, water 

scarcity, small size of farms, nutrient mining, multiple nutrient deficiencies, over exploitation of ground 

water resources, soil degradation due to intensive tillage practices and decreased soil organic carbon are 

some of the common concerns resulting in stagnation of productivity. Such concerns and problems posed 

by modern day agriculture have given birth to new concepts in farming, such as organic farming, natural 

farming, bio-dynamic agriculture, do-nothing agriculture, eco-farming, vertical farming etc. The essence of 

such farming practices simply implies, back to nature to maintain the long run productivity of the soil-

plant-animal continuum. In this context, indoor vertical farming is very significant and it can be defined 

as the practice of growing produce stacked one above another in a closed and controlled environment. By 

using growing shelves mounted vertically, it significantly reduces the amount of land space needed to grow 

plants compared to traditional farming methods. This type of growing is often associated with city and 

urban farming because of its ability to thrive in limited space. Vertical farms are unique as some setups 

don’t require soil for plants to grow. Most are either hydroponic, where vegetables are grown in a nutrient 

dense bowl of water, or aeroponic, where the plant roots are systematically sprayed with water and 

nutrients. From sustainable urban growth to maximizing crop yield with reduced labour costs, the 

advantages of indoor vertical farming are apparent. Vertical farming can control variables like light, 

humidity and water to precisely measure year-round, increasing food production with reliable harvests. 

The reduced water and energy usage optimizes energy conservation and vertical farms use up to 70% less 

water than traditional farms. Labour is also greatly reduced by using robots to handle harvesting, planting 

and logistics, solving the challenges farms face from the current labour shortage in the agriculture industry. 

What is Vertical Farming? 
Vertical farming is a method of producing crops that is quite different from what we normally think of as 

farming. Instead of crops being grown on vast fields, they are grown in vertically, or into the air. It is the 

practice of producing food on vertically inclined surfaces. This method produces foods in vertically stacked 

layers commonly integrated into other structures like a skyscraper, shipping container or repurposed 

warehouse instead of farming vegetables and other foods on a single level, such as in field or greenhouse. 
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Fig.: Vertical farming 

Vertical Farming or vertical agriculture facilitates viable agricultural production inside buildings, in the 

metropolitan areas of our cities. It is therefore a form of urban agriculture which is credited to Dickson 

Despommier, a professor of ecology at Columbia University, who came up with the idea of taking urban 

rooftop gardens a step further, and creating vertical farming towers in buildings, that would allow all of a 

building’s floors, not just the rooftop, to be used for producing crops. 

Advantages of Vertical Farming 
1. One of the most important objectives is to get maximum production by using minimum land. It manages 

to grow plants in almost every condition. Hence, there is no need to wait for a specific season to grow crops.  

2. It offers a plan to handle future food demands delivering each harvest with continuous improved quality. 

3. It allows crops to grow year-round making cultivation possible independent of weather conditions and 

seasons i.e., weather does not affect the crops or they are weatherproof. 

4. It uses significantly less water or saves up to 95% water. 

5. More organic crops can be grown and there is less exposure to chemicals and diseases. 

6. It can drastically reduce agricultural land use and food wastes or spoilage and bring maximum freshness 

into the city. 

7. Vertical farming saves on transport to the consumer; limits CO2; puts less strain on the climate and 

brings agriculture back into urban everyday life. 

8. Additionally, the food from vertical farms is usually sold locally, reducing transportation emissions and 

time from farm-to-table. This makes it easy to provide a fresh supply of produce without any delay or the 

farm-to-market process is reduced from days to just hours. 

9. By 2050, around 68% of the world population is expected to live in urban areas and the growing 

population will lead to an increased demand for food; hence, the efficient use of vertical farming may 

perhaps play a significant role in preparing for such a challenge.  

10. Indoor vertical farming can significantly lessen the occupational hazards associated with traditional 

farming. Farmers are not exposed to problems related to heavy farming equipments, diseases like malaria, 

poisonous chemicals etc.; animals and trees in inland areas are not disturbed; various environment related 

issues can be overcome by conserving natural resources and it is also good for biodiversity making it human 

and environmentally friendly.        

Disadvantages of Vertical Farming 
1. One of the major disadvantages associated with vertical farming is its cost. The major portion of 

investment relates to the purchasing of high-tech instruments.  

2. Economic feasibility of setting up a vertical farm hasn’t yet been possible to calculate. 

3. Vertical farming takes place in a controlled environment without presence of insects; therefore, 

pollination needs to be done manually, which will be labour intensive, difficult and costly.  

4. It also leaves behind some sort of carbon footprints. 

5. Vertical farming depends mostly on electricity for running all its mechanism. It relies too much on 

technology and one day of power loss would be devastating. 

6. By shifting farms from rural area to urban part of the cities, it may cause trouble to the rural areas by 

disrupting their economy. 

7. Vertical farming involves higher labour costs due to higher wages in urban centres and requirement of 

more skilled labour.  



 

 
Volume 3 - Issue 6 - June 2021       336 | P a g e  
 

8. Being a complex process it requires a lot of automation and electrical equipment and it is not an easy 

task for an ordinary person to handle this type of farming. 

Best Practices for Vertical Farming 

   
Fig.: Hydroponics Fig.: Aeroponics Fig.: Aquaponics 

1. Hydroponics: Hydroponics serves as the most viable system of growing plants without soil which is 

gaining attention of both domestic as well as commercial farmers. The basic concept is to grow plants in a 

nutrient rich solution by dipping roots of the plants in that solution. 

2. Aeroponics: It is the most advanced and efficient way of growing crops without soil and with a minimum 

amount of water approximately 90% less than conventional farming which is provided by the mist 

environment. In fact, the plants literally grow in air, with roots exposed.  

3. Aquaponics: The idea behind this system is to create an ecosystem where plants and fish can give 

benefits to each other suggesting that fishery in indoor ponds can make the water nutrient rich which 

serves as a food source for the plants growing in vertical farm. Besides, plants may clean and purify the 

water and make it available for fishes; hence, there is no need to recycle pond’s water frequently. 

Conclusion 
Vertical farming technologies are still relatively new. Companies are yet to successfully produce crops at 

scale and make it economically feasible to meet the growing food demand. It is worth noting, vertical 

farming is an innovative, revolutionary and arguably more sustainable method of growing crops. Unlike 

contemporary agricultural practices, it helps to yield more produce by utilizing minimum resources. 

Despite some of its disadvantages, vertical farming appears to be the ‘future of our agriculture’ and vertical 

farms are being heralded as the ‘farms of the future’. Vertical farms are also seen as a great way to deal 

with an urban phenomenon called ‘food deserts’ which refers to heavily populated areas lacking access to 

fresh foods like fruits and vegetables. 

Reference 
The Land Commodities Global Agriculture & Farmland Investment Report 2009 (Land Commodities Asset Management AG, Baar, 

Switzerland, 2009; www. landcommodities.com). 

  



 

 
Volume 3 - Issue 6 - June 2021       337 | P a g e  
 

Scientific Production Technology for Chilli 
Article ID: 11118 

Diksha Pundir1, Suneeta Singh2, Anil Kumar Saxena3 
1Research Scholar, Department of Horticulture, School of Agricultural Sciences, SGRR University, 

Dehradun- 248 001, Uttarakhand. 
2Assistant Professor & HOD, Department of Horticulture, School of Agricultural Sciences, SGRR 

University, Dehradun- 248 001, Uttarakhand. 
3Associate Professor, Department of Soil Science, School of Agricultural Sciences, SGRR University, 

Dehradun- 248 001, Uttarakhand. 

 
 

Abstract 
Chilli (Capsicum annuum L.) is one of the most valuable spice crops as well as important vegetable crop 

grown in India. It belongs to family solanceae. Chilli fruit is rich source of Vitamin A and Vitamin C, 

Proteins, Carotenoids and Pro vitamins E, P, B1, B2, and B3. Chilli thrives warm humid climate for growth. 

Chilli can be grown as a seasonal and annual crop. However, chilli can be grown in north and south parts 

of the country. The chilli plant grows well warm and humid climate. The high temperature may cause crop 

damage and low yield productivity.  

Keywords: Chilli, Vitamins, Proteins, Humid, Productivity. 

Introduction 
Chilli (Capsicum annuum L.) belong to a family solanaceae and genus capsicum. Chilli is one of the most 

valuable spices crop in India and its chromosome number is 2n=24.  It is originated in Tropical America. 

The chromosome no. of chilli is 2n=24. Temperature range on chilli cultivation is 25-35ᴼC. Chilli   is also 

known as hot pepper, was introduced into India from Brazil during 1584 by the Portuguese (Thamburaj 

and Singh, 2003).  The edible part of a chilli is the fruit. Chilli fruit is rich source of vitamin A and vitamin 

C. The green chilli contains Rutin which has medicinal value (Singh, 1987). 

History and Origin 
Chilli was introduced into Europe in 1493 by Christopher Columbus, who discovered in Tropical America. 

It believed to be native of Mexico and Peru; it was widely used by the people of Central and South America 

prior to Columbus’s discovery. 

It was spread so quickly in 1542, three  types of chilli were already introduced into India. Most European 

languages referred chilli as a kind of pepper, were made differentiate from pepper by new words for chilli. 

In 1630, some varieties of chillies are known as peppers. The chillies are divided into two spices: Capsicum 

annum L. and Capsicum frutences L. the berries of capsicum frutences also called hot peppers, are more 

pungent that those of capsicum annum, known as sweet peppers. Chillies are commercially grown in 

tropical region. 

The  archaeological  evidences  at  sites  located in a tropical lowland area of South Western Ecuador  that  

chilli  was  domesticated   more than 6000 years ago, chilli  is  the  oldest domesticated  food  in  the 

hemisphere and  first  cultivated  crops  in  the  Central and South Americas. The team of scientist who  

discovered  and say  the  spice  must  have been transported  over  the  Andes  to  Ecuador as  the chilli  

only  grew naturally  to east of  mountain rage. In panama, chilli used around 5,600years ago. Chilli  also  

found to  have been  used  at a site  occupied 4,000 years  ago  in  the  Peruvian  Andes. 

Importance and Uses 
Chilli is the most popular condiment   in India. The green chilli is rich source of Vitamin A and Vitamin C, 

Vitamin B6, Vitamins K and Minerals. The green chilli contains Rutin which has medicinal value (Singh, 

1987).  It also   is containing high amount of Vitamin A (292IU) and Vitamin C (111MG) Singh et al. (1995) 

and Joshi (1998). Chilli contain water 88% and food value per 100g  nutrition  contain Protein 2g, 

Carbohydrates 9g, Vitamin A 2g, Vitamin C 404%, Calcium 0.01mg, Potassium 3400mg and Iron 6%.        
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Botanical Description 
The botanical description of chilli as follows: 

Order: Solanales 

Family: Solanceae 

Genus: Capsicum. 

 

Chilli (Capsicum annuum L.)  belong   to a  family solanceae and genus capsicum. Chilli plant is an annual-

sub- herb and the fruit vary in colour, size, shape, texture and pungency. Chilli plants are herbaceous or 

semi-woody annuals or perennials. The leaves are ovate, sharp point, dark green colour and pale green on 

lower surface. The flowers are small, white or clusters of 2 or 3 in axils of the leaves. The fruit shape and 

size depending on the variety. 

Climate 
Chilli is a tropical and sub-tropical plant.  It can be up to an altitude of 2000m.  It requires warm, humid 

climate. Temperature rage 20- 25ᴼC is ideal for chilli growth. In other words, high temperature leads to 

deflowering and fruit will be very small. The ideal rainfall for chilli is 850-120mm.  Excessive rainfall 

causes defoliation and rotting of the plant. 

Soil 
Chilli needs moisture for growth. The chilli can be grown in well-drained soils, sandy loam with organic 

content. A soil pH between 6.5 and 7.5 is well situated for chilli cultivation. It cannot tolerate acidic or 

alkaline soil. 

Popular Varieties 
Released organization  Variety name Characteristics 

IARI, New Delhi 

 

Pusa Jwala 

Plants are dwarf, bushy, light 

green, fruits 9-10cm long, highly 

pungency, and ripe fruits light 

red. Average yield 85q/ha (green) 

and 18q/ha (dry). 

 

Pusa Sadabahar 

Plants are erect, perennial (2-

3yrs), 60-80cm tall, fruits 6-8cm 

long, highly pungency, ripe 

fruits dark red, bore in clusters 

with 6-14 fruits per clusters. 

Average yield 95q/ha(green) and 

20q/ha (dry) 
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IIHR, Bengaluru 

Arka Lohit 

Fruits dark green, deep red 

maturity (Capsanthin 0.21%), 

fruits highly Pungent. Suitable 

for irrigated and rainfed areas. 

Average yield 25t/q (green chilli) 

and 3t/hq (dry chilli) 

 

Arka Harita 

F1 hybrid, fruit are light with 

10cm and width 1cm. dark green 

colour. Resistant to powdery 

mildew and viruses. Average 

yield 38.2t/ha green chilli and 

5.86t/ha dry chilli.  

IIVR, Varanasi  

Kasha Anmol 

Plants are determinate, dwarf 

(60-7 0cm) with nodal 

pigmentation o stem and bear 

green attractive pendant fruits. 

Picking of fruits start at about 

55 days after transplanting. 

Average yield of this 200q/ha.  

 

Kasha Surkh 

Plants are semi-determinate (1-

1.2m), erect and nodal 

pigmentation o stem. Fruits are 

light green, straight, length 11-

12cm. Average yield is 240q/ha. 

G.B.U.A.&T, Pant Nagar 

 

Pant C-1 

This variety is easily 

distinguishable from the other 

varieties because of the upright 

fruiting pods. The pods are 

highly Puget, small size, broader 

at the base ad arrow the tip. The 

green pod yield of variety is 

75q/ha. The dry pod yield about 

15q/ha.   

TNAU, Coimbatore 

 

CO 1 

 

Fruits are log and red at 

ripening, seed coating 55%, 

samba type. Average yield 2t/ha. 
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CO 2 

 

Fruits are oblong and bright red 

on ripening: seed contain 60%, 

gundu type. Average yield 2t/ha. 

HAU, Hisar 

Hisar Shakti 

Fruits are upright in clusters, 

medium to log, highly Pungent. 

tolerant to fruit rot and powdery 

mildew. Average yield 170-

190q/ha. 

 

Hisar Vijay 

Early, fruit similar to Hisar 

Shakti but with blackish tinge 

on fruit surface under low 

temperature, tolerance like 

Hisar Shakti. Average yield 150-

170q/ha 

Advanced Cultural Practices 
Land preparation: The land for chilli cultivation is ploughed 2-3 times and to be a fine tilth. The stones, 

gravel and unwanted   material should be removed. Compost or FYM should be added or mixed well in the 

soil at least before sowing. At the last ploughing, applied some recommended fertilizer and manure to 

protect the crop from pests. 

Seed rate and sowing: Fresh chilli seeds are sown in nursery beds. The nursery bed is raised from ground 

level and prepared by compost and sand. The seeds are treated with Trichoderma and covered with thinly 

using sand. The seeds are germinated in 5-7days.  About 40- 45 days old seedling are ready to transplant 

in the main field. Seed rate varies from 2.5-3.0 kg/ acre.  

Sowing time: Sowing on seed depend on the climatic conditions, variety and season. Sowing can be 

cultivated both as Kharif and Rabi season. Sowing for Kharif crop is May to June and for Rabi crop 

September to October.  

Transplanting: 40-50 days old seedlings are used for transplantation. Seedlings are transplanted in 

shallow pits or ridges. Spacing of 60x60cm or 30x30cm is followed.  

Manures and Fertilizers: FYM or compost @10-11tonnes/hectare is applied at the time of field 

preparation. In chilli 100kg, 50kg P and 50 kg K should be applied per hectare. Fertilizers are applied in 

four equal doses. First applied at the time transplanting remaining doses are applied at 4th and 13’ week 

after transplanting. 

Irrigation: Irrigation serves as an important factor for the production of the crop. Excess use of water is 

harmful for crop as well as yield. Irrigation depends on season and soil type. First irrigation should be give 

immediately after transplanting. During winter seasons irrigation given 8-10 days and in summer season 

frequent irrigation given. 

Weeding and Earthing up: Weeds aer the serious problem of all crops. Generally, two weeding and 

hoeing are required to keep field free from weeds. The first weeding 20-25 days of sowing and other after 
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20-25days of first weeding. Earthing up is carried out ad when necessary. Weeds can be control by may 

methods which are divided into biological, cultural and mechanical control.  

Harvesting: Chilli is highly perishable in nature. Harvesting should be done at stage if full maturity. The  

fruit of  chilli  are  picked  when  they  are  fully mature,  full size and  bright green  colour. However, ripe 

fruit must be plucked regular intervals. Ripe fruit can be plucked 5-6 times. Harvesting should do by hand.          

Yield: Normally 15-20 to of green chilli are obtained from an acre. About 20-40% dry chilli is obtained 

depending upon cultivars and thickness of inner walls. 

Insect Pest Management 
Insects  Causes  Control 

1. Thrips (Scirtothrips 

dorsalis) 

The leaves and adult suck the sap of 

leaves, buds, flowers and cause curling of 

leaves.  

Spray Dimethonate 0.03% at 

15 days of intervals  

2.Aphids (Aphis gossypii) Suck the cell sap from leaves Spray Methyl Demeton 

0.025% 

3. Whitefly (Bemisia 

tabaci) 

Suck cell sap and spread leaf curl 

diseases.  

Malathion 0.1% 

4. Fruit borer (Spodoptera 

litura) 

Caterpillars feed gregariously on leaves 

and scrap them 

Spray Cypermethrin 0.05% at 

15 days intervals. 

Diseases Management 
1. Anthracnose or Die back  

(Colletotrichum capsici) 

It causes necrosis’ of twigs from 

downwards black dots are formed 

all over the necrotic surface of 

affected twigs. 

Treat with Thiram 75WP (0.3%). 

Pick the destroy part. 

2. Damping off  

(Pythium aphaidermatum) 

It affects the germination part of 

crop. 

Treat with captan g/kg seed) 

before sowing in nursery beds 

with captan 0.2%. 

3. Fruit root (Phytophthora 

spp.) 

Small water-soaked spots appear 

on fruits which rot them 

completely. 

Use diseases free seed for 

raising seedlings. 

4. Mosaic (transmitted by 

aphids) 

Mosaic mottling of leaves.  Remove all infected plants and 

weeds.  

5. Leaf curl (transmitted by 

whitefly) 

Curling of leaves and blistering 

of inter-veinal areas. 

Spray Dimethonate at 10 days of 

intervals.  

6. Spotted wilt (transmitted by 

thrips) 

Infected leaves show mosaic 

spots. 

Spray of Dimethonate at 10 days 

of intervals.  
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Abstract 
Shifting cultivation is also called Swidden cultivation or rotational farming as it is a form of land use 

characterized by alternation between a short span of cultivation and a comparatively long span of natural 

or improved fallow; regular, in most cases cyclical shifting of fields and the removal of fallow vegetation, 

normally though not exclusively by use of fire. It is often overlooked that shifting cultivation for most people 

and definitely for all indigenous people who practice it, is not simply a farming technique but a way of life. 

However, as it is so closely and precisely interlinked with the lives and cultures of indigenous people, state 

policies aim at regulating it – if not banning it outright – has an impact on indigenous people that goes far 

beyond mere economic intervention.  

Keywords: Economic, indigenous people, rotational farming, shifting cultivation, Swidden. 

Introduction 
The history of shifting cultivation can be traced back to around 8,000 BC in the Neolithic period, which 

witnessed a remarkable and revolutionary shift in humankind’s mode of food production, from hunter 

gatherers to food producers. Since the beginning, shifting cultivation has been characterised by rotation of 

fields rather than rotation of crops, the exclusive use of human labour, absence of draught animals and 

manuring, use of dibble stick or hoe, and short periods of occupancy alternating with long fallow periods to 

assist the regeneration of vegetation, culminating in secondary forests. In the hilly region of Arunachal 

Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland and Tripura, shifting cultivation, locally known 

as Jhum, continues to be a dominant mode of food production and the economic mainstay of many rural 

households. Initially this system of cultivation was firstly used in the hilly regions of Africa and America 

but in some parts of Sweden, it was started in the year of 1920. In India, shifting 

cultivation/jhum/jhumming is being practiced in hill areas of North Eastern Region, Sikkim, Bihar, Orissa, 

Andhra Pradesh, Madhya Pradesh, Tamil Nadu, Kerala, Karnataka, and Maharashtra where it is 

designated as slash and burn agriculture, migratory primitive agriculture, nomadic agriculture, hoe and 

burn, forest field rotation, land rotation agriculture etc. 

What is Shifting Cultivation? 
Shifting cultivation is referred to as the ancient form of agriculture in which a large amount of area is 

generally cultivated for few years and then abandoned for some time until the fertility of the land is restored 

naturally. Shifting cultivation in India is known as Jhum in Assam and other north-eastern hilly region; 

Punamkrishi is Kerala; Podu in Andhra Pradesh and Odisha; Bewar, Mashan, Penda and Beera in Madhya 

Pradesh. It is a farming system in which land under natural vegetation, usually forest is cleared by slash 

and burn method cultivated with common arable crops for a few years and then left unattended after 

harvesting. Traditionally the fallow period is 10-20 years but in recent times it is reduced to 2-5 years in 

many areas. Shifting cultivation is often practiced by primitive tribes in the forested highlands of the 

Amazon Basin, Congo Basin, etc. It is considered most destructive for forest areas. 

A variety of food crops like rice, maize, cassava is grown on the land mostly for subsistence purpose.  

1. It is a primary method or method of primitive cultivation that originated from the Neolithic period 

between 13,000 to 3,000 B.C.  

2. It is mainly practised by the tribal communities.  

3. Approximately 20 lakh hectares of forest are cleared every year by felling and burning the trees and 

shrubs.  
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4. Thereafter, the forest clearings are cultivated with very primitive and unreasonable practices for 2-3 

years and then the land is usually abandoned due to dwindling of soil fertility status or heavy soil erosion 

making the land unfit for cultivation. 

5. Paddy, buck wheat, maize, millets, tobacco, vegetables and banana are in general cultivated on the burnt 

forest clearings. 

 

 
Source: NEW PAPER: Economically viable forest restoration in shifting cultivation 

landscapes by Grantham Scholar (29th July, 2020) 

1. Dry deciduous forests are specifically suitable for Jhum cultivation.  

2. It is a wasteful practice of farming in difficult terrain/topographical situations where this method can 

certainly support a very sparse population of crops.  

3. At the time of sowing season the earth is covered with a layer of ashes.  

4. Seeds are generally scattered by broadcasting method and rarely sown in the layers of ashes.  

5. After sometimes the seeds produce roots and grow, nourished by an occasional shower of rain.  

6. The crops are scarce and of inferior quality.  

7. Within a span of few years the soil becomes completely deteriorated in absence of ploughing and 

manuring, and thereafter a new stretch of the forest is brought under the axe. 

Advantages of Shifting Cultivation 
1. The waste materials of the field such as bushes and weeds can be destroyed quickly by burning and can 

obtain the beneficial things for cultivation of crops.  

2. The crop growth may start earlier and within few days the crops may be ready to be harvested. 

3. There is no chance of destruction of crops by the occurrence of floods or grazing by animals. 

4. On the hills, the mountain streams can contribute the required water to the crops easily on a regular 

basis and at a reasonable rate. 

5. Small investment is needed and simple growing methods are followed. 

6. There is no need of animal labour and it may reduce the incidence of soil-borne diseases or can play a 

role in pest management.        

Disadvantages of Shifting Cultivation 
1. It has been characterized as inefficient, uneconomic, wasteful and unsustainable system of cultivation 

where farmers do not produce enough even for their own consumption. 

2. The most important disadvantage of the shifting cultivation is destruction of the forest and trees that 

are helpful to reduce soil erosion and also to maintain the sustainability of environment or ecological base. 

3. It has caused deforestation and as a consequence thereof, heavy soil erosion and floods.  
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4. It causes loss of flora and fauna including precious species of trees, shrubs, medicinal plants and minor 

forest products; additionally, valuable timber has been wastefully lost.  

5. The practitioners have to live with unsteady employment and poor livelihood options.  

6. By shifting cultivation, there is a loss of approximately 22 percent of top soil which is highly fertile and 

also this creates a serious problem in economic condition of people.  

7. It is destroying habitats or shelter of wild animals; depleting our life element, oxygen and besides, it is 

troublesome to move around all the time.  

8. Shifting cultivation leads to heavy flood in the rivers below; siltation to the tanks, nallas, river and 

reservoirs and disturbance to the ecology as well. 

Different Terms Used for Shifting Cultivation 

 Country/region Terms 

Asia Indonesia, Malaysia Ladang 

Java Jumar 

Vietnam Ray 

Thailand Tam-ray, Rai 

Laos Hay 

Philippines Hanumo 

Sri Lanka, Japan Chena 

Korea Karen 

Burma Taungya 

India Bewar, dhya, dippa, erka, jhum, kumri, penda, podu 

America Mexico Coamile 

Mexico, Central America Milpa 

Brazil Roca 

Africa Malagasy Republic Tavy 

Rhodesia, Tanzania Chitimene, Citimene 

Ghana Proka 

Source: Manshard, 1974. 

Conclusion 
The existing practice of shifting cultivation in tropical and subtropical countries has been identified as one 

of the anthropogenic and unscientific form of land use which is influencing the biodiversity to impede 

ecological balance of the region. Otherwise, jhuming has many benefits from livelihood point of view, but 

in long run it destroys the ecosystem balance because one inch soil formation in nature takes about 1000 

years and several inches of soil are washed out each year due to jhuming. It also results in large-scale 

deforestation, soil and nutrient loss thereby affecting the indigenous biodiversity to large extent.  Although 

shifting cultivation is a non-viable resource utilization practice, tribal communities are still clinging to this 

primitive practice to sustain themselves and their families. 

Reference 
Manshard, W. (1974). Tropical Agriculture, London: Longman. 
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Preface 
Agricultural development and food security have been the major concerns of India since independence. The 

emphasis given has, however, varied with the result that the development of the agricultural sector has 

witnessed its peaks and troughs intermittently. In olden days, agricultural technique was eco-friendly but 

didn't yield high crop comparing now. Anyway, that is enough for those people as there was less population. 

Those ranchers were seen as GOD but now it is in contrast. Only governments are respecting ranchers and 

that too only for those belong to their state or country. Even, rancher's families do not give respect if they 

have low income or if their crop failed. Some parents resisting their children in choosing agriculture as 

their career field due to their disrespectful towards ranchers but they do not understand that without 

rancher, it is impossible to survive in this world. It is horrible to see that even rancher do not prefer to see 

his son as rancher due to influence of this society. If we focus deeply in it, day by day ranchers are 

discouraging by this helpless society and we can understand that rancher's conditions are based on their 

experience and also on their determination. An idea of corporate farming is that let a corporate own a 

farming of a village. This would end the problem of investment, technology and other problems which 

government can't afford. Even FDI can be brought in this sector. This will enhance agriculture productivity, 

end stress among ranchers (land owner or not) and address the farm suicide very effectively. 

Need of the Day? 
We feel wealth and security of the country comes from its land and hence what is needed is sustainable, 

high-tech and high productivity agriculture which will be remunerative and help provide both food and 

energy security. Precision agriculture, which can provide precise inputs like water, fertilizer, insecticides 

at the right time to crops, can help bring in the next green revolution. We also feel that Precision agriculture 

may provide a platform for industrial corporate social responsibility (CSR) activity. After all, helping the 

rural poor improve their livelihood through high tech farming should qualify as a CSR activity. The Indian 

government can facilitate in this process by giving soft loans and sops to the industry so that they get more 

engaged in agriculture and PA activities. High tech Precision agriculture therefore can help in bringing 

next green revolution to India and can produce tremendous rural wealth in a sustainable and 

environmentally sound way. Ranchers and farms are the backbone of any country since they can produce 

food, fuel (agricultural residues) and wealth from the land. They should be helped by all members of society 

and developing Precision agriculture is a step in the right direction. 

Natural Farming 
Near a small village on the island of Shikoku in southern Japan, Masanobu Fukuoka has been developing 

a method of natural farming which could help to reverse the degenerative momentum of modern 

agriculture. Natural farming requires no machines, no chemicals, and very little weeding. Mr. Fukuoka 

also teaches the fundamental skills of agriculture. He emphasizes the importance of caring properly for 

tools and never tires of demonstrating their usefulness. As a young man, Mr. Fukuoka left his rural home 

and travelled to Yokohama to pursue a career as a microbiologist. He became a specialist in plant diseases 

and worked for some years in a laboratory as an agricultural customs inspector. It was at that time, while 

still a young man of twenty-five, that Mr. Fukuoka experienced the realization which was to form the basis 

of his life's work and which was to be the theme of this book, “The One-Straw Revolution”. He left his job 

and returned to his native village to test the soundness of his ideas by applying them in his own fields. 

Masanobu Fukuoka, in his book, One-straw Revolution, indicates four basic principles of natural farming: 

1. No ploughing  

2. No chemical fertilizers 

3. No weeding 
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4. No plant protection.  

In the documentary of Final Straw: Food, Earth, Happiness, he restates the core values of natural farming 

as: 

a. Do not plow the fields. 

b. Weeds and insects are not your enemies. 

c. There is no need to add fertilizers. 

d. Adjust the foods you grow based on your local climate and conditions. 

Zero Budget Natural Farming 
Small ranchers felt seeds, inputs, and markets were inaccessible and expensive for them. They were caught 

in a vicious cycle of debt, because of the high production costs, high interest rates for credit, the volatile 

market prices of crops, the rising costs of fuel, energy and private seeds. 

Debt is a problem for ranchers. ‘zero budget’ farming promises to end the reliance on loans by drastically 

cutting production costs. The word ‘budget’ refers to credit and expenses, thus the phrase 'Zero Budget' 

means without using any credit, and without spending any money on purchased inputs. 'Natural farming' 

means farming with Nature and without chemicals. 

“Zero Budget Natural Farming (ZBNF) or holistic agriculture is a method of agriculture that counters the 

commercial expenditure and things required for the growth of plant are present around the root zone”.        

Why ZBNF? 
1. To improve the well-being of 500,000 ranchers by. 

2. Reduces input costs. 

3. Increases yields, short run and the long run. 

4. Reduces risks. 

5. Reducing water requirement. 

6. Enhancing soil fertility. 

7. Promoting bio diversity. 

8. Higher price realization. 

9. Enhancing resilience to climate change – to withstand prolonged dry spells, and also heavy rains. 

Big Concept 
1. An approach towards sustainability 

2. Expense-free farming 

3. Farming up to 30 acres with one native cow 

4. Farming with minimum electricity and water consumption 

5. Producing quality, poison-free food 

6. Agriculture without external input 

7. Techniques of multi-crop cultivation for higher net income 

8. Reducing external labor requirement 

9. Farming in tune with nature 

10. Saving the ranchers from suicide themselves and leaving behind their families as beggars. 

Principles 
Some Unique Quality of ZBNF: In the Zero Budget Natural Farming nothing has to be purchased from 

the outside. All things required for the growth of the plant are available around the root zone of the plants. 

98 to 98.5% nutrients are taken from air, water & solar energy. Remaining 1.5% nutrients taken from the 

soil are also available free of cost as it is taken from the prosperous soil which is enriched with these 

nutrients. 

How is it possible to cultivate in any soil? 

a. Earth has all the requirements for the plants to grow. 

b. If weeds can come, crops also can grow. 

c. Use microorganisms to enrich your soil. (Jeevamrut) 

d. Activate the local earth worms dormant in your soil. 
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e. Make non available form or nutrients in soil to available form for the plants to grow. 

How in ZBNF we need no fertilizers? 

a. Bhumi Annapurna: Means soil is rich with all nutrients for plants to grow. 

b. We should take only those we use and leave the rest from the crops to soil it. 

c. Stop completely removing crop and burning down the crop remains. 

d. Jeevamrut 200 litres per acre per month is enough as a culture to convert the soil.  

Why no need for weeding in ZBNF? 

a. Mulching in the field will stop the growth of weeds. 

b. Inter crops will replace the growth of weeds. 

c. Weeds are used for enriching the soil components. 

d. Plants do not compete for the food. They coexist and live-in symbiosis.  

Why we do not need Pesticides and anti-infectants in ZBNF? 

a. Pests and infections won’t come to infect a healthy crop. 

b. Even if infected the healthy plant can have immunity to withstand their effect. 

c. Natural pest controls in the form of complementary crops and Asthras will help. 

d. Use of desi seeds strengthens the crops. 

Four Pillars of ZNBF 

1. Jivamrita / Jeevamrut: is a fermented microbial culture to increase the microbial and earthworm 

activity in the soil. During the 48-hour fermentation process, the bacteria in the cow dung and urine 

multiply by feeding the pulse flour in the solution. Virgin soil is added to inoculate native bacteria and 
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other organisms. Jeevamrut helps to prevent plant diseases. This is required in the first 3 years of the 

transition. 

a. Preparation: Take 200 lit of water + 10 Kg fresh cow dung + 10 lit aged cow urine + 2 Kg of 

Jaggery + 2 Kg of pulse flour + handful of soil from farm-bund. Stir and let it ferment for 48 hours. 

Now Jeevamrutha is ready. 

b. Application: 200 liters of Jeevamrutha is sufficient for one acre of land. Apply twice a month 

with irrigation water or as 10% foliar spray. 

2. Bijamrita / Beejamrut: is for treating seed, seedlings and planting material. It is effective in protecting 

young roots from fungus as well as from soil-borne and seedborne diseases. It is composed of local cow dung, 

a powerful natural fungicide, and cow urine, a strong anti-bacterial liquid, lime and soil. 

Bijamrita Application as a seed treatment:  Add Bijamrita to the seeds of any crop: coat them, 

mixing by hand; dry them well and use them for sowing. For leguminous seeds, just dip them quickly 

and let them dry. 

3. Acchadana – Mulching: According to Palekar, there are three types of mulching:  

a. Soil Mulch: This protects topsoil during cultivation and does not destroy it by tilling. It promotes 

aeration and water retention in the soil. Palekar suggests avoiding deep ploughing.  

b. Straw Mulch: Straw material usually refers to the dried biomass waste of previous crops, but 

as Palekar suggests, it can be composed of the dead material of any living being (plants, animals, 

etc). Palekar's approach to soil fertility is very simple – provide dry organic material which will 

decompose and form humus through the activity of the soil biota which is activated by microbial 

cultures.  

c. Live Mulch (symbiotic intercrops and mixed crops): According to Palekar, it is essential to 

develop multiple cropping patterns of monocotyledons (monocots; Monocotyledon’s seedlings have 

one seed leaf) and dicotyledons (dicots; Dicotyledons seedlings have two seed leaves) grown in the 

same field, to supply all essential elements to the soil and crops. For instance, legumes are of the 

dicot group and are nitrogen-fixing plants. Monocots such as rice and wheat supply other elements 

like potash, phosphate and sulphur. 

4. Whapasa/moisture: Palekar challenges the idea that plant roots need a lot of water, thus countering 

the over reliance on irrigation in green revolution farming. According to him, what roots need is water 

vapor. Whapasa is the condition where there are both air molecules and water molecules present in the 

soil, and he encourages reducing irrigation, irrigating only at noon, in alternate furrows ZBNF ranchers 

report a significant decline in need for irrigation in ZBNF. 

Insect-Pest Management in ZBNF 
Allowing for an acceptable level of pest damage. Encouraging predatory beneficial insects to control pests. 

Encouraging beneficial insects and microorganisms by serving them nursery plants and/or an alternative 

habitat, usually in a form of a shelterbelt or hedge row. Careful crop selection, choosing disease-resistant 

varieties. Companion crops that discourage or divert pests. Row covers to protect crops during pest 

migration periods. Pest regulating plants and ecologic pesticides and herbicides. No-till farming, and no-

till farming techniques as false Seedbeds. Crop rotation to different locations from year to year to interrupt 

pest reproduction cycles. Insect traps to monitor and control insect populations. 

Different Asthras for Pest Management 
1. Agniastra: This primarily is the mixture of Chilli, Garlic, Neem and cow and used to control the insects 

(leaf roller, stem borer, fruit borer, pod borer). 

Agniastra Bramhastra
Neemastr

a

Asthras for 
pest 

management
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Preparation method: 

a. Take a pot. 

b. Add 10-liter Local Cow Urine in it. 

c. Then add 1 Kg Tobacco by crushing it in the Urine. 

d. Crush 500 gram of Green Chili & add it in Urine. 

e. Crush 500 Gram Local Garlic & add it in the Urine.  

f. Add 5 Kg Neem leaves pulp 

g. Then boil this solution well 5 times continuously. 

h. Let this solution to ferment for 24 Hrs. 

i. Filter this by cloth. 

2. Bramhastra: mixture of several locally available plants like Neem, Guava, Custard Apple, Pomegranate 

etc. with cow urine and is used to spray over the leaves of the plant. 

Preparation method: 

a. Take a pot. 

b. Add 10-liter Local Cow Urine in it. 

c. Crush 3 Kg of Neem Leaves & add this Neem pulp in this water.  

d. Neem, Custard Apple, Guava, Lantena Camella, Papaya, White Dhotara, Pomegranate 

e.  Then Add 2 Kg pulps of Sitafal (Custard apple) leaves, 2 Kg pulps of Papaya leaves, 2 Kg 

Pomegranate leaves pulp, 2 Kg of Guava (Jam, Peru) leaves pulps, 2 Kg Lantena Camella leaves 

pulp & 2 Kg White Dhatura leaves Pulp in it. (Use Lantana Camella and Dhatura leaves if 

available). 

f. Then boil this solution for 5 tim 

g. To filter this by cloth. 

h. Let this solution to ferment for 24 Hrs. 

i. Spray this medicine on the trees to control all the sucking pests, pod borer, fruit borer etc. For 

spraying take this medicine Bramhastra 2 liter in the 100-liter water. 

3. Neemastra: mixture of cow dung, urine, neem etc. And used against leaf sucking insects and mealy 

bugs. 

4. Preparation method: 

a. Take 100-liter Water. 

b. Add 5-liter Local Cow Urine in it.  

c. Add 5 Kg Local Cow Dung in it. 

d. Crush 5 Kg of Neem Leaves & add this Neem pulp in this water. 

e. Let this solution to ferment for 24 Hrs. 

f. Stir this solution twice a day by any stick. 

g. Filter this by cloth. 

Conclusion 
Zero budget farming is environmentally friendly. Savings on cost of seeds, fertilizers and plant protection 

chemicals has been substantial. Because of continuous incorporation of organic residues and replenishment 

of soil fertility. Helps to maintain the soil health. Pest management is a key component in zero budget 

natural farming crop production systems. To successfully control pest in a zero-budget natural farming, it 

is important to understand then interactions of different components in a specific ecosystem. The new 

system of farming has free the ranchers from the debt trap and it has instilled in them a renewed sense of 

confidence to make farming an economically viable venture. 
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Pest control and pest management are the most common terms used in agriculture where control is 

complete elimination of a particular pest whereas management is reduction of the pest level below the 

economic threshold level. Here, managing the pest is beneficial as natural population will survive without 

losing biodiversity of particular environment. Integrated pest management is the method of pest 

management where the natural population is also maintained by keeping the pest below the economic 

threshold level (ETL). IPM also differs from conventional approaches of pest management in avoiding the 

use of loads of pesticides. But IPM also have some constraints as it is managing only in the fields by 

individual farmers but not managing in a geographic area which makes the population to re-establish. So, 

a new approach has been initiated which manages in a geographical area completely which is nothing but 

AW-IPM. 

 
Figure 1: Difference in IPM and AW-IPM 

An area-wide insect control programme is a long-term planned campaign against a pest insect population 

in a relatively large predefined area with the objective of reducing the insect population to a non-economic 

status (Lindquist, 2001). There are different approaches of AW-IPM like Sterile insect technique, Mating 

disruption with pheromones, Genome editing through CRISPR, Enterobacter (Gut microbiome of insects), 

Cytoplasmic incompatibility by Wolbachia, Novel transgenic technique which involve release of insect 

carrying dominant lethal (RIDL), Male Annihilation Technique, Inundative release of parasitoid insects 

etc. 

 
Figure 2: Wild type population and Sterile insect technique release population work in a field 

condition 



 

 
Volume 3 - Issue 6 - June 2021       351 | P a g e  
 

Sterile insect technique (SIT) is a method of pest control using area wide inundative releases of sterile 

insects to reduce fertility of a field population of the same species (IPPC, FAO). SIT has been known for its 

eradication of New World Screworm fly, Cochliomyia hominivorax and the idea of the technique was 

conceived by Dr. E. F Knipling. SIT is integrated commonly with other approaches of AW-IPM for long term 

management of a particular pest. 

 
Figure 3: Push and Pull strategy of pheromones involving behavioural manipulation 

There are two models to follow AW-IPM based on the situations considered as the control area is fixed in 

size (fixed-area model) and there is no advancing pest control front and the control area is expanding 

according to the rolling-carpet principle which is known as rolling carpet model (Barclay et al., 2011). 

Both these models consist of two components such as a biological component (i.e., dispersal) and an 

economic component (break-even analysis). The dispersal part describes the movement of the insects across 

the buffer zone and will determine the width of the buffer zone. The economic component of the model will, 

given a certain width of the buffer zone determined by the dispersal part, allow a calculation of costs and 

revenues of the control program and will determine the break-even size of the core area at which control 

costs equal revenues. 

The first is the core area, in which the aim is to reduce (in case of a suppression strategy) or eliminate the 

pest species. The core area contains the actual resource of value, but in other cases, removal of the pest 

from the core area may simply have a strategic value by protecting crops situated elsewhere or by protecting 

humans or livestock against disease vectors (in case of a containment or a prevention strategy). The second 

is a buffer zone that borders the core area on one or more sides and within which control methods attempt 

to kill the target insects within that zone, including those that enter the zone from outside. The buffer zone 

is defined as the region of an AWPM program that is large enough to prevent the pest insect from moving 

from outside the buffer to the core area before being destroyed by the control methods operating within the 

buffer zone. 

 
Figure 4: Fixed area model of AW-IPM 

Krishnakumar, R.  and Maheswari, P. (2007) developed the SIT for use against the red palm weevil 

(Rhynchophorus ferrugineus) in Coconut on Poothuruth Island near Dalavapuram Island in Kerala and 

successfully reduced the population of red palm weevil. 
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NAU during 2008 has designed and commercialized an eco-friendly, economical and easily adoptable fruit 

fly trap popularly known as "Nauroji-Stonehouse Fruit Fly Trap" and the Male Annihilation Technique 

(MAT) is followed by using sexual lures and managed the fruit fly population in Navsari and Valsad 

districts of south Gujarat in Mango, sapota and cucurbit vegetables with the Benefit: cost (233.8: 1). 

Huang et al., (2016) studied the gene function studies of Pxabd-A (abdominal homoetic gene) based on 

genome editing and developed the basis for the novel  approaches for genetic control of the globally 

important pest insect diamondback moth (Plutella xylostella) and observed that there was abnorminal 

changes in the genitalia formation and legs and crochets development  found in the CRISPR-treated 

mutants of larvae and pupae compared to wild type. 

Staten, R. T.  and Walters, M. L.  (2020) recorded that the key pest of cotton-pink boll worm over a large 

geographic area integrated with sterile insect technique in contiguous infested areas i.e., Chihuahua, 

Sonora, and Baja California in Mexico and also in the states of Texas, New Mexico, Arizona, and California 

in the USA was eradicated successfully. 

Zavala-lopez et al., (2021) reported that they had successfully eradicated the Mediterranean fruit fly by 

July 2017 in the Dominican Republic using SIT and pheromone to detect the presence of larval and adult 

fruit flies whereas it was reported during the year 2015 in march and lost 40 billion of USD through the 

export value of the produce. 

Nelson et al., (2021) developed the SIT along with the integration of chemical, cultural and biological 

techniques into orchard and regional pest management programme and/or individual growers of pome fruit 

to control the codling moth in Canada and sobserved the reduction of pesticide usage and infection rate. 

Conclusion 
The use of chemical insecticides has become increasingly complex due to pest resistance, environmental 

concerns and restrictions on residue levels by importing countries. In the interests of reducing insecticide 

use as well as pre- and post-harvest crop losses, while maintaining sustainable agricultural systems, AW-

IPM programmes integrating the SIT have proved effective in supporting safe and environment-friendly 

international trade. Through this any pest (Human, Livestock, Plants etc.,) in nature can be managed in 

threatening places. 
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Nematode Infection in the Host 
The plant in a given environment may be susceptible to one but resistant to another pathotype of the same 

parasite (Nematode). Under slightly different conditions (e.g. soil type, humidity, or temperature, resistant 

genes and morphologicial characters) it may be resistant to both pathotypes. 

 

Two Types of Resistance 
1. Active resistance- Post infectional resistance. 

2. Passive resistance- Pre infectional resistance. 

Passive Resistance- Pre Infectional-Resistance 
Passive or preinfectional resistance is conditioned by anatomical, physiological, and chemical barriers, 

which may hinder the invasion of the nematode or disturb its ontogenesis. There are two types of 

mechanism of passive resistance: 

1. The plant may produce toxins that kill the nematodes. 

2. Resistance may depend upon the fact that not every plant contains substances necessary for the 

development and reproduction of a certain nematode species, or contains them in an insufficient amount. 

Thus, this resistance is expressed by the failure of females to reach maturity. 

 

Examples 
1. Asparagus officinalis produces asparaguisic acid for the control of  - Trichodorus christiei. 

2. Tagetes patula and T. erecta  released  terthienyl and derivatives of bithienyl- Meloidogyne  spp and 

Pratylenchus spp populations.  

3. Eragrostis curvula is resistant to four species of Meloidogyne spp due to a high concentration of 

pyrocatechol in its roots. 

(Giebel, 1982). 

Active Resistance 
Active or post infectional resistance operates in host plants due to contact with parasites. This resistance 

is based on plant tissue hypersensitivity to nematode infection. The host-parasite interaction stimulates in 

the host definite biochemical reactions that cause histological changes, i.e. host cell necrosis. These necrosis 

form around the nematode, walling it off and either delaying development or causing the nematode to die. 
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Resistant Host and Susceptible Host 
Resistant host: 

a. The plant cell wall is the first physical barrier encountered by pathogens including plant parasitic 

nematodes (PPNs), fungi, bacteria, and viruses.  

b. Once the physical barrier is crossed by the pathogen, the host cytoplasm serves as the 

battleground where a war is fought between host and pathogen molecules. Next to the cell wall, 

there are membrane-localized pattern recognition receptors (PRRs) that recognize often conserved 

pathogen/microbe-associated molecular patterns (PAMPs/MAMPs) such as proteins, lipids, 

carbohydrates, and cell wall derivatives.  

c. As a consequence of the recognition of PAMPs/MAMPs, PRRs initiate a conserved downstream 

cellular signaling cascade referred to as PAMP-triggered immunity (PTI) inside the cytoplasm of 

the host cell. 

d. The responses include the activation of mitogen-activated protein kinases (MAPKs), the 

production of reactive oxygen species (ROS), and the induction of signaling pathways via salicylic 

acid (SA) and jasmonic acid (JA). 

Susceptible host: Susceptible host response to nematode invasion into three categories:  

a. Cell damage due to penetration is not conspicuous except for some cell separation 

b. Only some cells are changed, exhibiting conspicuous lesions, necroses, or discolorations 

c. Galls, multinucleate syncytia, or giant cells are formed, various degrees of hyperplasia and 

hypertrophy occur, and meristematic activity declines. 

Conclusion 
Several metabolic compounds varied from resistant and susceptible hosts. Those compounds will give the 

resistance to the host. Derive the resistant compounds from molecular approach and insert into the 

susceptible host and increase the resistant mechanisms. 

Reference 
Giebel, J. (1982). Mechanism of resistance to plant nematodes. Annual Review of Phytopathology, 20(1), 257-279. 
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Introduction 
Dietary fibres are unabsorbable  plant materials which resist digestion in human gastro intestinal tract. It 

consists of a heterogeneous group of polymeric carbohydrates compounds including celluloses 

hemicelluloses and pectin plus non carbohydrate substance lignin which is a polymer based phenyl propane 

unit .The later constitute only very small proportion (<2%) of dietary fibre component of most diet .Hence 

plant cell walls are the main source of dietary fibre and most of our dietary fibre intake comes from the cell 

wall in foods such as vegetables ,fruits ,cereal products and seeds other than cereals. 

Role of Dietary Fibre in General 
When considering the role of dietary fibre, one has to bear in mind the characteristics of the diet as a whole 

and the physical and chemical nature of the component of dietary fibre. The human digestive tract  does 

not have the enzyme necessary for the breakdown of dietary fibre. The plant  material in food enters the 

stomach relatively unaltered, hydrochloric acid helps to break up its cellulosic structure and release the 

protoplasmic matter containing digestible nutrients. In small intestine these digestible components are 

broken down by hydrolysis and the nutrients are absorbed by mucosal cells. In vitro studies suggest that 

the various fibre sources can inhibit the activity of pancreatic enzymes involved in digestion of 

carbohydrates ,protein and fats. The mechanism for this inhibitory action is not understood but it may be 

attributed to the presence of specific fibre component or associated food sources. 

The various fibrous components and associated substances pas through the stomach  through the  small 

intestine  into the large intestine virtually unaltered. In the colon bacteria initiate digestion and  

metabolism of certain fraction mainly hemicelluloses, pectins and gums. There is subsequent production of 

various by products such as small   chain fatty acids including acetate, propionates and butyrates, water, 

carbon dioxide, and hydrogen gas, and methane. The combination of these products of microbial metabolism 

together with the physical presence of fibre in colon may affect intestinal functions such as transit time , 

faecal weight ,bowel habit ,component of bacterial flora and output of organic anions such as bile salt. 

Fibre and Disease 
An epidemiological survey conducted on the macronutrient intake and cardiovascular risk factor in older 

South Africans revealed that the inadequate fibre intake was attributed to the low consumption of fruits 

and vegetables. Anthropometric assessment of women tended towards over nutrition, lipid profile fell 

within the lower end of risk band for cardio vascular disease and a high prevalence of hypertension (71.6%). 

Another study done by (Nayak 1995) on fibre intake and serum cholesterol gave similar results. Studies by 

(Ballesteros et al ,1998)on dietary intake, energy, sodium ,potassium and calcium intake and its 

relationship to blood pressure in normotensive male adults indicate that a significant relationship was 

found between hypertension and high consumption of sodium and obesity. A randomised single blind and 

controlled trial on the effect of guava fruit substitution on ascorbic acid CHD risk factors were examined 

and found that there was self-imposed decreased intake of total fat and saturated fat and an increase in 

PUFA: SFA ratio. Total carbohydrates fibre, potassium and vitamin C intake was higher in experimental 

group. There was net increase in plasma ascorbic acid and HDL cholesterol and decrease in serum 

cholesterol (Singh, 1997) 

Based mainly on these and various similar epidemiological data low intake of dietary fibre has been 

associated with a broad spectrum of unrelated non-infectious diseases. The role of fibre in human disease 

can be grouped into  
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1. Diseases of GIT. 

2. Circulation related diseases. 

3. Metabolic diseases. 

Circulation Related Diseases 
Increased serum lipids specially triglycerides and cholesterol are considered as the primary risk factors in 

atherosclerosis and cardiac heart disease. Some scientist put forth the hypothesis that a high consumption 

of starchy carbohydrates with fibre is protective against hyperlipidemia and CHD. The properties of dietary 

fibres that may be important in relation to gastro intestinal functions are as follows-particle size, water 

holding capacity, viscosity enhancing characteristics and bile salt binding capacity .The last characteristic 

is important for the CHD. 

Bile acid which are synthesized by liver are required for emulsifying fats and oils during digestion and thus 

permit their absorption from intestine. Some fibres (pectin and lignin) bind bile salt and prevent their 

absorption as well as absorption of dietary cholesterol and fat to be excreted .Since bile acid excretion is 

the main elimination pathway of endogenously synthesized cholesterol the increase of the excretion o mar 

reduce the cholesterol pool and thus lower blood cholesterol level. 

Another theory is that small chain   fatty acid after absorption may inhibit synthesis of cholesterol by liver. 

Numerous studies in humans and in experimental animals have demonstrated that increased dietary fibre 

lowers plasma cholesterol. Fibre has been referred to as hypocholesterolemic. The importance of the 

interaction between pectin and secretion of bile duct was shown by the work of Trowel and Judd(1985)on 

hypocholesterolemic effect of pectin  on rats .It is suggested that highly viscous gut content may retain bile 

salt, fat, and cholesterol within  a loose gel network and thus minimise absorption and also present a 

barrier to lypolytic activity .Such effect would result in increased excretion of lipid ,cholesterol and bile salt 

and reduction of serum cholesterol level. 

Thus, dietary fibre especially the soluble type appears to have a lipid lowering effect but the amount 

required is quite high and is unlikely to be consumed naturally. More over dietary fibre is not a single 

entity which can be chemically defined so it is suggested that an intake of 40-gram dietary fibre a day is 

desirable. 

Summary 
The dietary fibre is known to be associated with reduced incidence of coronary heart diseases .Various 

dietary fibre components may differ in exhibiting this property .The mechanism of its action is attributed 

to its binding to bile salts and preventing its reabsorption and in reducing cholesterol level in circulation. 

Reference 
1. C.Gopalan, Ramashashtri B V and S C Balasubramanian (1991) Nutritive Value of Indian foods,N I N,ICMR Hydrabad 25-

26. 

2. Viswanath M Sardesai(1998) Introduction to clinical nutrition (388-393). 

3. Balasteros-Vasquez M N (1998)JAMA279:5,359-365. 
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Introduction 
Papaya is a powerhouse of nutrients and is available throughout the year. It is a rich source of threes 

powerful antioxidant vitamin C, vitamin A and vitamin E; the minerals, magnesium and potassium; In 

addition to all this, it contains a digestive enzyme papain effectively treats causes of trauma, allergies and 

sports injuries. All the nutrients of papaya as a whole improve cardiovascular system, protect against heart 

diseases, heart attacks, strokes and prevent colon cancer. The fruit is an excellent source of beta carotene 

that prevents damage caused by free radicals that may cause some forms of cancer. It is reported that it 

helps in the prevention of diabetic heart disease. Papaya lowers high cholesterol levels as it is a good source 

of fiber. Papaya effectively treats and improves all types of digestive and abdominal disorders. It is a 

medicine for dyspepsia, hyperacidity, dysentery andconstipation. Papaya helps in the digestion of proteins 

as it is a rich source of proteolytic enzymes. Ripe fruit consumed regularly helps in habitual constipation. 

It is also reported that papaya prevents premature aging. The skin of papaya works as a best medicine for 

wounds. The pulp left after extracting the juice from papaya as poultice on the wounds. The enzymes papain 

and chymopapain and antioxidant nutrients found in papaya have been found helpful in lowering 

inflammation and healing burns. That is why people with diseases (such as asthma, rheumatoid arthritis, 

and osteoarthritis) that are worsened by inflammation, find relief as the severity of the condition reduces 

after taking all these nutrients. Papaya contributes to a healthy immune system by increasing your 

resistance to coughs and colds because of its vitamin A and C contents. Papaya included in your diet ensures 

a good supply of vitamin A and C that are highly essential for maintaining a good health. 

 

Carica papaya constituents exhibit alkaline combination, as with borax or potassium carbonate and they 

have showed good results in treatment of warts, corns, sinuses, eczema, cutaneous tubercles and other 

hardness of the skin, and also injected into indolent glandular tumors to promote their absorption. Green 

fruits of papaya are used to treat high blood pressure, dyspepsia, constipation, amenorrhoea, general 

debility, expel worms and stimulate reproductive organs. 

These nutritional values of papaya help to prevent the oxidation of cholesterol. Papaya is rich in iron and 

calcium; a good source of vitamins A, B and G and an  excellent source of vitamin C. The extracts of unripe 

C. Papaya contain terpenoids, alkaloids, flavonoids, carbohydrates, glycosides, saponins, and steroids. 
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Nutritional Value 
These nutritional values of papaya help to prevent the oxidation of cholesterol. Papaya is rich in iron and 

calcium; a good source of vitamins A, B and G and an excellent source of vitamin C (ascorbic acid). The 

extracts of unripe C. papaya contain terpenoids, alkaloids, flavonoids, carbohydrates, glycosides, saponins, 

and steroids. 

1. Proteolytic Enzymes: Papaya contains several unique protein-digesting proteolytic enzymes including 

papain and chymopapain. 

2. Papain: This enzyme is similar to pepsin, a digestive enzyme in our body. 

3. Chymopapain: A drug made from chymopapain used to be very popular in treating slipped disk. Both 

papain and chymopapain can help lower inflammation and improve healing from burns. 

4. Carpaine: The alkaloid, Carpaine, slows the heart rate in humans and thus reduces blood pressure. Its 

action is similar to the drug prescribed for heart patients, digitalis. The alkaloid is reported to be able to 

kill worms and amoebas. 

5. Lycopene: Papaya has an abundance of cancer fighting lycopene. It is a key intermediate in the 

biosynthesis of many important carotenoids, such as beta-carotene and xanthophylls. 

6. Fibrin: Another useful compound not readily found in the plant kingdom is Fibrin. It reduces the risk 

of blood clots and improves the quality of blood cells, optimizing the ability of blood to flow through the 

circulatory system. Fibrin is also important in preventing. 

Pharmacological Activity of Each Plant Part of Papaya 
1. Leaves: Papaya leaf has a numberless of benefits. In some parts of Asia, the young leaves of the papaya 

are steamed and eaten like spinach. 

2. Dengue fever: Papaya leaf juice helps increase white blood cells and platelets, normalizes clotting, and 

repairs the liver. 

3. Cancer Cell Growth Inhibition: Papaya leaf tea extract has demonstrated cancer cell growth 

inhibition. It appears to boost the production of key signaling molecules called Th1-type cytokines, which 

help regulate the immune system. 

4. Antimalarial and Antiplasmodial Activity: Papaya leaves are made into tea as a treatment for 

malaria. Antimalarial and antiplasmodial activity has been noted in some preparations of the plant, but 

the mechanism is not understood and not scientifically proven d. Facilitate Digestion The leaves of the 

papaya plants contain chemical compounds of karpain, Substance which kills microorganisms that often 

interfere with the digestive function. 

5. Fruit: Papaya fruit is a rich source of nutrients such as provitamin A carotenoids, vitamin C, B vitamins, 

lycopene, dietary minerals and dietary fibre. Danielone is a phytoalexin found in the papaya fruit. This 

compound showed high antifungal activity against Colletotrichum gloesporioides, a pathogenic fungus of 

papaya. 

a. Laxative: Ripe papaya fruit is laxative which assures of regular bowel movement. 

b. Indigestion: The milky juice which is tapped from the green, mature fruit while still in the tree 

contains an enzyme known as "papain". 
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6. Void the Heart Attack or Stroke: The folic acid found in papayas is needed for the conversion of 

homocysteine into amino acids such as cysteine or methionine. If unconverted, homocysteine can directly 

damage blood vessel walls, is considered a significant risk factor for a heart attack or stroke. 

7. Seeds: The black seeds of the papaya are edible and have a sharp, spicy taste. They are sometimes 

ground and used as a substitute for black pepper. 

8. Peel: Papaya peel is often used in cosmetics. The papaya peel can also be used in many home remedies. 

 

a. Sunscreen and Soothing Slave: The presence of vitamin A helps to restore and rebuild 

damaged skin. Applied papaya peel used as skin lightening agent. When peel mixed with honey and 

applied it can act as soothe and moisturizers the skin. 

b. Fight Dandruff: The papaya vinegar with lemon juice can be applied to the scalp for 20 minutes 

prior to shampooing to fight dandruff. 

c. Muscle Relaxant: Adding papaya oil and vinegar to bath water, along with essential oils like 

lavender, orange and rosemary can be nourishing, refreshing and relaxing, and can work as a pain 

reliever and muscle relaxant. 

9. Roots: Juice from papaya roots is used in some countries of Asia to ease urinary troubles. Papaya leaf 

when dried and cured like a cigar is smoked by asthmatic persons. An infusion of fresh papaya leaves is 

used by person to expel or destroy intestinal worms. Fresh young papaya is also used to remedy colic, a 

certain stomach disorder or cramp. A decoction formed by boiling the outer part of the roots of the papaya 

tree in the cure of dyspepsia. 

10. Latex: The milky sap of an unripe papaya contains Papain and chymopapain. chymopapain was 

approved for intradiscal injection in patients with documented herniated lumbar intervertebra discs and 

who had not responded to "conservative therapy". Vitamins and traces of an alkaloid called Carpaine have 

also been found in the latex. Apart from natural oils, the seeds of the fruit also contain carbohydrates, 

carpasemine, benzyl senevol and a glucoside. Papain is also used to treat commercial beer, to degumm 

natural silk, as a meat tenderizer and in the production of chewing gums. Cosmetically it is used in 

Shampoos and in a number of face-lifting operations. In humans capaine slows down the heart and thus 

reduces blood pressure. 
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Medicinal Value 
1. Colon cancer: The fiber of papaya is able to bind cancer-causing toxins in the colon and keep them 

away from the healthy colon cells. These nutrients provide synergistic protection for colon cells from free 

radical damage to their DNA. 

2. Anti-Inflammatory: Effects Protein enzymes including papain and chymopapain and antioxidant 

nutrients found in papaya; including vitamin C, vitamins E, and beta-carotene, reduce the severity of the 

conditions such as asthma, osteoarthritis, and rheumatoid arthritis. 

3. Rheumatoid Arthritis: Vitamin C-rich foods, such as papaya, provide humans with protection against 

inflammatory polyarthritis, a form of rheumatoid arthritis involving two or more joints. 

4. Promote Lung Health: If you are smoker or if you are frequently exposed to second hand smoke. Eating 

Vitamin A rich foods, such as papaya, help your lung healthy and save your life. 

5. Anti-Sickling Activity: Current research proves that papaya is having an anti-sickling activity. 

6. Prevent Prostate Cancer: Men consuming lycopene-rich fruits and vegetables such as papaya, 

tomatoes, apricots, pink grapefruit, watermelon, and guava were 82% less likely to have prostate cancer 

compared to those consuming the least lycopene-rich foods. 

7. Anticoagulant Effect: Injection of papian extract in a dog increases prothrombin and coagulation 

threefold. It is also claimed that the enzyme eliminates necrotic tissues in chronic wounds, burns and 

ulcers. Papain is also of commercial importance in the brewery industry, in the food industry and in the 

textile industry. 

Allergies and Side Effects 
Papaya is frequently used as a hair conditioner, but should be used in small amounts. Papaya releases a 

latex fluid when not quite ripe, which can cause irritation and provoke allergic reaction in some people. 

The latex concentration of unripe papayas is speculated to cause uterine contractions, which may lead to a 

miscarriage. 

Papaya seed extracts in large doses have a contraceptive effect on rats and monkeys, but in small doses 

have no effect on the unborn animals. Excessive consumption of papaya can cause carotenemia, the 

yellowing of soles and palms, which is otherwise harmless. However, a very large dose would need to be 

consumed; papaya contains about 6% of the level of beta carotene found in carrots (the most common cause 

of carotenemia). 

1. Toxicity: Externally the papaya latex is an irritant to the skin and internally it causes severe gastritis. 

Some people are allergic to various parts of the fruit and even the enzyme papain has its negative 

properties. 

2. Skin Discoloration: Eating too much of a yellow, green or orangecolored food that contains beta 

carotene can cause a benign form of skin discoloration called carotenemia. The palms of the hands and soles 

of the feet are the most visible areas of the body affected by carotenemia. Cutting back on your papaya 

consumption will resolve the discoloration of the skin. 

3. Free Radical Scavenging Activity: Papaya has many phenolic groups which may scavange free 

radicals. Aqueous extract of papaya leaves shows anti-oxidant activity. 

4. Respiratory Distress: Papain is also a potential allergen, according to Purdue University, people who 

eat too much papaya and ingest high levels of papain may develop symptoms consistent with hay fever or 

asthma, including wheezing, breathing difficulties and nasal congestion. 

5. Gastrointestinal Symptoms: Ironically, the same papain that calms your stomach can cause an upset 

stomach when taken in large amounts. The high fiber content of papaya can also contribute to unrest of 

the digestive system. The latex of the fruit's skin can also cause irritation of the stomach. 

Cosmetic Benefits of Papaya 
Rubbing the white pulp of raw papaya improves pimples as well as wrinkles. Papaya works as a good 

bleaching agent. It is an important ingredient in bath soaps, astringents, detergent bars and hand washes. 

Home Recipe for Papaya Skin Lightner Experts suggest that papaya can help in removing dead worn-out 
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skin cells and replace it with healthy new cells, thereby lightening the color of our skin. For this, one can 

prepare a paste of raw papaya and apply it on the skin once for few days. 

Conclusion 
Carica papaya is a neutraceutical plant having a wide range of pharmacological activates. The whole plant 

has its own medicinal value. The wide range of enzymes, vitamins present in Carica papaya makes it a 

neutraceutical plant. The present review is about all the prominent pharmacological activity, home 

remedies and side effects of Carica papaya. 
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Introduction 
Poultry industry is a major source of animal protein in both developed and developing countries. Global 

demand for animal source food is accelerating rapidly due to population growth and economic development, 

particularly in developing countries. Therefore, there is a need to exploit not only the known 

unconventional feed ingredients but also to determine and introduce new and lesser-known plants and 

animal feed resources that can replace conventional protein sources used in animal nutrition.  

Using insects as a protein source can contribute to global food security via feed or as a direct food source 

for humans. Insects such as the black soldier fly, common house fly, termites and yellow meal worm are 

the most promising insects in animal feed. The insects were able to transform the low-nutritive waste 

products into a high protein diet in particular as a replacement of soya bean meal in poultry feed. Generally, 

when insects were included in poultry feed, the carcass quality, breast muscle portions, feed consumption, 

weight gain, feed efficiency, texture, palatability and higher egg laying ratio was found to be better at a 

recommended level of inclusion than other conventional good quality feed. 

Feed being Most Challenging 
A 60-70% increase in consumption of animal products is expected by 2050. This increase in the consumption 

will demand enormous resources, the feed being most challenging because of the limited availability of 

natural resources, ongoing climatic changes and food-feed-fuel competition. 

High feed prices are affected profit margins of poultry farmers in India. Poultry feed is costly to poultry 

farmers as compare to net profit.  Feed cost is probably one of the most serious challenge for the poultry 

sector. Soya bean and maize are widely utilized by poultry farmers in India as the main feed of poultry 

ration. These helps only in fulfilling maximum nutritional requirements, and also help in raising high 

quality of healthy birds but due to high cost their availability is very low for small farmers. 

Need for Alternative Protein 
70% agricultural land is needed to supply a meat production which results in constantly rising feed prices.   

Cost of soybean meal and maize grains is doubled during the last five years ---- 60-70% of production cost. 

The increasing cost of grain it has prompted the poultry industry to explore alternative sources either for 

total or partial replacement which meet the dietary requirements and reduce feed cost. On a global level – 

Growing global population peoples eating more and more meat, particular in china, india and almost 

countries in the world therefore, we looking a sustainable way to produce a protein for animal feed. So, 

alternative (animal) protein sources for livestock are urgently needed. Then one of the solutions is insects. 

damage blood vessel walls, is considered a significant risk factor for a heart attack or stroke. 

Why Insects? 
Because they are part of the bird’s natural diet: 

1. Insects contain up to 82% protein and have a diverse amino acid profile.  

2. Large biodiversity and short life cycle. 

3. Prevalent in most ecosystems and colonize a wide range of habitats. 

4. Large population and biomass. 

5. Low breeding costs in general.  

6. Breeding is simple and can be controlled easily. 

7. High reproduction rate. 
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8. High content of digestible protein in insect larvae (in dry form) makes them a solution to improving 

protein self-sufficiency in animal feed.   

9. The great advantage of insect production is the fact that no additional drinking water has to be applied. 

As compared to other livestock species, insect utilize water very effectively in most cases the feed is main 

source of water. 

 

Benefits of Growing Insects 
1. Various farmers are already taking advantage of the insect breeding and rearing business as the new 

protein supplement not only reduce the cost of farmers but also improves the health of the chicken. 

2. Feeding of insects to the broilers improve the immune system of chicken also it greatly increases the 

quality of meat. 

Key Insect Species Used as Feed for Poultry 
1. Black soldier flies. 

2. Common housefly larvae. 

3. Silkworm’s pupae meal. 

4. Yellow mealworms. 

Black Soldier Fly Larvae (Hermetia illucens) 
1. The BSF larvae are a more environment friendly source of protein, as they can be raised on various 

organic waste materials and require less water than soybean and maize crop production and it is one of the 

most important insect species which is rear in Maharashtra for feeding of poultry.  

2. Black soldier flies does not bite or transmit diseases.  

3. They’re good for chicken and farmers. 

4. BSF larvae are naturally found in poultry, pig and cattle manure but can also be grown on organic wastes 

such as vegetables waste.  

5. The BSF larvae use as (BSF larvae meal, BSF pre pupae meal and BSF maggot meal)  are used live, 

dried and ground forms. 

 

Nutritional Properties of Black Solder Fly 
1. Insect meal is rich in protein (40 to 50 percent) with a greater concentration of essential amino acids 

than broiler ration such as pre-starter starter and finisher.  

2. Relative to lysine, BSF meal contains higher levels of threonine, valine, isoleucine and leucine when 

compared to soybean meal. Insects are also relatively high in fat, supplying energy at levels comparable to, 

if not higher than, that of cereals or legumes.  
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3. Larvae of the black soldier fly have a great ability to utilize organic waste material characterized by high 

moisture content (60–80%), thus converting it to valuable insect protein. This is particularly attractive for 

feed and waste management. 

Nutritional Properties of Black Solder Fly 
1. Insect meal is rich in protein (40 to 50 percent) with a greater concentration of essential amino acids 

than broiler ration such as pre-starter starter and finisher.  

2. Relative to lysine, BSF meal contains higher levels of threonine, valine, isoleucine and leucine when 

compared to soybean meal. Insects are also relatively high in fat, supplying energy at levels comparable to, 

if not higher than, that of cereals or legumes.  

3. Larvae of the black soldier fly have a great ability to utilize organic waste material characterized by high 

moisture content (60–80%), thus converting it to valuable insect protein. This is particularly attractive for 

feed and waste management. 

Importance of Waste 
1. In nature, insects play a vital role in waste biodegradation, breaking down organic matter so that 

nutrients are available in the soil for plant growth. Commercial production could collectively convert 1.3 

billion tons of waste per year – significantly reducing the disposal and transportation costs as well as the 

environmental footprint. 

2. By utilizing nutrients in waste, they also reduce the risk of organic pollution. It was found that BSF 

reduced the levels of nitrogen, phosphorus and potassium in poultry manure by 50 to 60 percent. 

 

Conclusions 
It is sustainable and ecofriendly, nutritious, flexible and reliable protein source for the future. Use of insects 

as a protein rich feed ingredient in poultry feed is technically feasible. Insects can be reared on low-grade 

organic waste and can turn low-grade bio-waste into high quality proteins. Insects therefore can be a 

promising interesting link in the animal feed chain to fulfill the globally increased demand for protein. 

Insects are originally present in the natural habitat of domesticated animals. Therefore, for welfare 

reasons, whole insects can be fed to animals as a way to change behavioral patterns during the day.                      
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Introduction 
The role of symbionts might have in the structure and dynamics of insect-based food webs. Understanding 

how carrying a microorganism might affect a host’s interactions with competitors and natural enemies 

have predominantly focused on interactions between pairs of species rather than considering the net effects 

of multiple interactions in a wider food web. Functional effects of symbionts might influence community 

interactions and the structure of food webs (Muller et al., 2008). 

Aphids as Model Systems for Studying Food Webs 
The structure and dynamics of food webs based on aphids (Aphidoidea) have been extensively studied, and 

has also emerged as a model system to explore the biology of obligate and particularly facultative 

symbionts. Almost all aphids possess an obligate (or primary) nutritional symbiont, Buchnera aphidicola, 

which synthesizes amino acids and other essential nutrients absent in its phloem diet.  

In addition, aphids host a number of facultative (or secondary) symbionts that are not essential for host 

survival and typically are found in only a fraction of the individuals in a population. The species that has 

received the most attention is the pea aphid (Acyrthosiphon pisum), which harbours at least seven species 

of secondary bacterial symbiont. Secondary symbionts that are predominantly maternally inherited can 

spread by one of two broad strategies: manipulation of their host’s reproduction so that the symbiont is 

transmitted to more offspring than is possible via simple transmission to daughters, and through the 

provision of absolute or conditional fitness benefits for their hosts. Both reproductive manipulation and 

fitness enhancement have been reported for aphids.  

Aphids are an excellent model system in food web ecology because they are exploited by several species-

rich guilds of natural enemies, and because they are relatively easy to manipulate in the field. They are 

attacked by generalist predators (including many insects and insectivorous birds) though the majority of 

predation is by specialists such as ladybirds (Coccinellidae), hover flies (Syrphidae) and predatory midges 

(Cecidomyiidae). Two major clades of parasitoids have evolved to attack aphids (Aphidiinae in the 

Braconidae and Aphelinus in Aphelinidae) and the parasitoids themselves are attacked by a variety of 

specialized hyperparasitoid group, aphids are infected by a number of fungal pathogens, some of which are 

aphid specialists (McLean et al., 2016). 

Aphids-Representative 
Aphids, a symbiont-rich anomaly or good models of insect–microbe associations across the insects. 

Nutritional primary symbiosis appears to be ubiquitous in those insects that feed exclusively on nutrient-

limited diets, such as phloem, xylem and vertebrate blood. In many systems, the microbial partners are 

bacteria, but endosymbiotic fungi-gut dwelling protists (these protists themselves have bacterial 

symbionts) are also known. Aphids have only a single primary symbiont, but some insects require two or 

more symbionts to supplement the diet successfully. The aphid-Buchnera system seems in many respects 

to exemplify the relationship between an insect and an obligate nutritional symbiont, including genome 

reduction of the symbiont, localization discrete organ and exclusively maternal transmission. Not all 

obligate symbionts are nutritional: both reproductive parasites and defensive symbionts have apparently 

made the transition to become indispensable to their host. A particularly example is the case of Wolbachia, 

which is essential for normal reproduction in the parasitic wasp Asobara tabida. Wolbachia frequently 

distorts host reproductive biology and hosts may evolve measures to counteract the manipulation. The 
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status quo may thus be a balance of manipulation and counter-manipulation with removing the symbiont 

resulting in dysfunction. 

Facultative symbionts are much less well investigated than primary symbionts across insect groups, 

(reproductive parasites such as Wolbachia and Cardinium) suggest that well over one-third of all insects 

are infected. It is, therefore, difficult to say with certainty whether aphid secondary symbionts are 

representative of facultative symbionts more broadly. Defensive microbial symbiosis occurs across multiple 

insect taxa, is provided by a broad range of bacterial groups and acts against a broad range of different 

natural enemies. Aphids may well host a greater diversity of protective facultative symbionts than other 

insect groups, with seven species of defensive symbiont described from pea aphids alone (Oliver, 2010). 

Symbiont effects on interactions 
Symbionts impact the biology of their insect hosts in a variety of ways which can affect interactions at lower 

and higher trophic levels and thus potentially shape food web structure. The different phenotypic effects of 

symbionts may influence food web structure and dynamics (Ailsa et al., 2016). 

Type of trait Host Symbiont Symbiont type Reference 

Reproductive 

advantage after 

heat stress 

Acyrthosiphon 

pisum (Hemiptera) 

Serratia 

symbiotica 

 

facultative Montllor et 

al. (2002) 

 

Survival after 

heat shock 

(37 °C & 40 °C) 

Bemisia tabaci 

(Hemiptera) 

Rickettsia Facultative Brumin et 

al. (2011) 

 

Fecundity after 

heat shock 

 

Acyrthosiphon 

pisum (Hemiptera 

Serratia 

symbiotica 

 

Facultative Russell and 

Moran (2006) 

 

Utilisation of 

clover as host 

Acyrthosiphon 

pisum (Hemiptera) 

Regiella 

insecticola 

Facultative Tsuchida et 

al. (2004) 

Acceptance of 

clover as host 

Acyrthosiphon 

pisum (Hemiptera) 

Regiella 

insecticola 

Facultative Ferrari et 

al. (2007) 

Defence against 

fungal parasite 

Acyrthosiphon pisum 

(Hemiptera) 

Regiella 

insecticola 

Facultative 

 

Scarborough et 

al. (2005) 

Defence against 

parasitoid wasp 

Aphis 

fabae (Hemiptera) 

Regiella 

insecticola 

Facultative 

 

Vorburger et 

al. (2010) 

More greenish 

body colour 

Acyrthosiphon pisum 

(Hemiptera) 

Rickettsiella 

 

Facultative 

 

Tsuchida et 

al. (2010) 

Production of 

winged dispersal 

morphs under 

crowded 

conditions 

Acyrthosiphon pisum 

(Hemiptera) 

Regiella 

insecticola 

 

Facultative 

 

Leonardo and 

Mondor (2006) 

 

Conclusion 
Aphids are an excellent model system in food web ecology because they are exploited by several species-

rich guilds of natural enemies, and because they are relatively easy to manipulate in the field.  Aphids, a 

symbiont-rich anomaly or good models of insect–microbe associations across the insects. 
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Biodiversity: Global Scenario 
Bio-geographic zones  = 16 

Biosphere reserves = 610 

Mega-biodiversity centre = 12  

Hot-Spots = 25 

Total plant species = 6.5 lakh  

MAP species = 0.5lakh 

Loss of Biodiversity Due to Following 
1. Deforestation 

2. Over exploitation 

3. Pollution/Diseases. 

4. Over Grazing 

5. Fire/Flood/Drought. 

6. Destruction of  habitats 

7. Biotic pressure: 

a. Urbanization. 

b. Industrialization. 

c. Roads/dams construction. 

d. Hydel projects/Irrigation projects. 

e. Mining/Tourism/agriculture. 

Endangered Medicinal & Aromatic Plants in India 
1. Podophyllum hexandrum: Bankakri 

2. Nardostachys grandiflora: Jatamansi 

3. Ferula jaeskaena: Indian Hing 

4. Chlorophytum spp.: Safed Musli 

5. Picrorhiza kurroa: Kutki 

6. Orchis latifolia: Salam panja 

7. Eulopia campestris: Salib misri 

8. Aconitum heterophyllum: Patees 

9. Commiphora wightii: Guggal 

10. Panax pseudo-ginseng: Indian Ginseng 

11. Dioscorea deltoidei: Steroidal Yam 

12. Rheum austral: Rhewad chini 

13. Saussurea sacra: Yogisapada 

14. Coptis teetha: Mamira 

15. Curculigo orchioides: Kali musli 

16. Bunium persicum: Kala zeera 
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17. Colchicum lutium: Suranjan-talah 

18. Inula racemous: Pushkar mool 

19. Onosoma bracteatum: Ratanjot 

20. Ephedra gerardiana: Somlata 

21. Piper cubeba: Kababa chini 

22. Microstylis nucifera: Jeevika 

23. M. wallichi: Rishvak 

24. Taxus baccata: Talispata 

25. Atropa acuminata: Indian belladona 

26. Lavateria kashmiriana: Resha katuni 

27. Swertia chirata: Chirayata 

28. Polygonatum cirrhifolium: Maha-meda 

29. P. verticilatum: Meda 

30. Roscoea procera: Kankoli 

31. Lilium polyphyllum: Kshira kankoli 

32. Anchusa strigosa: Gaozaban 

33. Concinum faries tatum: Jeevani 

34. Holostema annulare: Kasturi manzil 

35. Aristolochia bracteata: Kiram 

Multiple Roles of Medicinal and Aromatic Plants 
1. Medicare and therapy values   

2. Perfumery and aromatherapy 

3. Economic attributes  

4. Industrial enterprises 

5. Employment generation 

6. Utilization of waste/degraded land 

7. Augmentation of farm economy based on herbal cropping system 

8. Conservation of balancing of natural herbal wealth and biosphere 

9. Wide spread use, low volume and high value. 

Background 
1. Distribution of medicinal plants: 70% are found in tropical belt and less than 30% are occurring in 

temperate and alpine regions. 

2. The compositions of medicinal plants of forests revealed that tree (33%), shrubs (20%), herbs (32%), 

climbers(12%) and others (3%). 

3. This resource is richly associated with the rural household uses (ITK) in a self-help mode. 

4. The raw material supply is largely dependent on collection from the wild populations from the forest and 

from cultivation in selected species.  

5. M&AP constitute a large group, producing diverse range of plant-based intermediary compounds and 

value-added downstream end products used in drug formulations, food flavoring, perfumery, cosmetics, 

toiletries and related industries.  

6. India is richly endowed with the plant wealth of medicinal and aromatic plants. 

7. Over 8,500 species of ethno-botanical interest have been recorded. 

8. Over 1100 species are reported to have odoriferous principles. 

Plant Genetic Resources (PGR) Management 
NBPGR is the nodal agency to coordinate the PGR management activities at national level. Important 

activities are: 

1. Germplasm Collection/augmentation. 

2. Germplasm exchange. 

3. Germplasm Characterization & Evaluation. 

4. Germplasm Conservation. 

5. Germplasm Registration and Policy Issues. 
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Research Organizations for PGR 
1. Ministry of Agriculture 

2. (ICAR): 

a. NBPGR. 

b. DMAP (earlier NRC M&AP). 

c. AICRP (M&AP)- SAUs/Institutes.  

3. Ministry of Science and Technology 

4. (CSIR): 

a. CIMAP. 

b. NBRI. 

c. RRLs. 

5. Ministry of Environment and Forests   

6. (ICFRE) 

7. Ministry of Health and Family Welfare 

8. (AYUSH- NMPB) 

9. State Government 

10. (TBGRI). 

Ex-Situ Facilities in Different Institutes 
 Organization Conservation facilities 

1. CIMAP Seed Bank, in-vitro bank, Cryo-bank, Field genebank  

2.  NBPGR Seed Bank, in-vitro bank, Cryo-bank, Field genebank  

3.  RRL Seed Bank, in-vitro bank, Cryo-bank, Field genebank  

4.  NBRI Seed Bank, in-vitro bank, Cryo-bank, Botanical garden 

5. TBGRI Seed Bank, in-vitro bank, Cryo-bank, Botanical garden 

6. ICFRE Field gene bank, Botanical garden 

Exploration and Collection Site for Wild Genetic Resources 
1. Natural Forests. 

2. Waste Lands. 

3. Hilly and Ravine Terrains. 

4. Marginal Lands. 

Germplasm Registration 
“Registration of Plant Germplasm” mechanism was established at the National Bureau of Plant Genetic 

Resources (NBPGR), New Delhi by the Indian Council of Agricultural Research (ICAR) in 1996. Germplasm 

Registered is Total :942;  M & A Ps: 24’ 

Future Thrust Areas and Development Needs 
1. Urgent need to update the red data book of Indian Medicinal & aromatic plants. 

2. Collection of genetic diversity and its characterization, evaluation and documentation for desired quality 

traits and safe conservation for posterity. 

3. Ex-situ conservation should be given top priority, which should be supplemented in a big way by in-situ 

for rare or threatened or endangered species of medicinal and aromatic plants.  

4. Area/habitats where genetic erosion is under severe threat should be identified. 

5. On-farm conservation of local and indigenous germplasm. On-farm conservation of traditional 

indigenous germplasm / cultivars is focusing the attention of different groups like NGOs, farmers and 

stakeholders etc. The scientific principles and practices for on farm conservation, of medicinal plants in 

particular and other agro-biodiversity in general should be encouraged.  

6.  Re-forestation of deforested forest land with main focus on MAPs. 

7. Identification of germplasm for more patent and newer drugs compounds and aroma-chemicals. 
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8. Quality testing, developing standards, uses of accurate analytical method need to be developed. 

9. Basic studies viz. genetic, physiological behavior, process for synthesis of chemical compounds should be 

taken up. 

10. Due to limitation of cultivable land, the MAP should be introduced as inter-crop, cash crop and border 

crop or under crop in partial shades.  

11. Several tree-based medicinal products have generated demand in recent times and hence systematic 

studies are required.    

12. Large-scale organization of training and awareness camps on various aspects of medicinal and aromatic 

plants. 
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We have often heard doctors saying, “After 30 add multivitamins to your diet or if you cannot take it 

through food consume the supplements”. But a layman has never thought this way, what are multivitamins 

and why they are important. In the present era where we have to deal with a number of infectious diseases, 

thus vitamins are the organic chemicals which are required by the body in smaller amounts as compared 

to carbohydrates, fats, proteins and therefore regarded as micronutrients which help to fight infections. 

These vitamins are protective in nature and responsible for cellular growth, hormone balancing and 

mineral metabolism of an individual. All vitamins have diverse function in the human body and it is 

because of the different way of absorption in the body. Some vitamins are not stable with variable 

environment conditions and thus consumption in excess or deficiency of vitamin may lead to lifelong 

disease. Therefore, the present article focuses on overview of vitamins (classification, sources, deficiency, 

absorption and stability).  

Apart from carbohydrates, fats and proteins our body needs some micronutrients as well for proper growth 

and development of the body cells. Vitamins are one such tasteless organic compound or the chemicals 

which are considered as essential micronutrient, required in small amount (only a few milligrams or 

micrograms) that is necessary for every organism in order to carry proper functioning of body cells and 

metabolism. 

Essential nutrients are the ones that cannot be synthesized in any organism and hence should be consumed 

through diet, vitamins are one such group. The term vitamin is derived from two words “vita” and “amine” 

where vita refers to life giving and amine means amino acids. It was concluded later that not all the 

vitamins are amines but they are organic in nature. Vitamins are classified into two categories; Fat soluble 

and water soluble. 

Fat soluble vitamins get dissolve in fats but not in water whereas water soluble vitamins are those which 

get dissolve in water but not in fats and are readily absorbed in tissues. Fat soluble vitamins include 

Vitamin A, vitamin D, vitamin E and vitamin K. These vitamins are not lost when the foods are cooked 

and hence, they are not required to be consumed daily. These vitamins are stored in liver or adipose tissues 

when not in use. 

Water soluble vitamins are not stored in body and hence need to be consumed daily through diet. These 

include vitamin C, vitamin B complex (B1, B2, B3, B5, B6, B7, B9, and B12). There are 4 fat soluble 

vitamins and 9 water soluble vitamins. Water soluble vitamins are easily absorbed into portal vein from 

small intestine and fat-soluble vitamins are first converted to micelle then to chylomicron and absorbed 

into lymph fluid. Different vitamins have different work roles to keep our body working properly. Some of 

the vitamins help to resist infections and increases immunity while others play a major role in maintaining 

good healthy nerves (Vitamin E) or help in blood clotting (Vitamin K). They are required in small quantity 

like the daily requirement of vitamin B12 is 2.4 microgram every day; means the diet which we consume 

must supply 2.4 mg of vitamin B12 so as to function properly. The consumption doses vary for an infant, 

adult, woman or men, old adults, pregnant woman and adolescents. This is because of the different body 

type of the person and capability of body to adjust with the dose. If consumed in little amount can lead to 

deficiency signs and symptoms whereas over consumption of vitamin can lead to hypervitaminosis which 

produces toxic effects on the body; deficiency of vitamin A can lead to night blindness or delayed growth 

similarly if vitamin A is given in larger amount it may lead to hypervitaminosis A. 

Therefore, it is recommended to consume vitamins according to the dietary guidelines so as to combat 

various health issues. Table 1 depicts the classification, chemical names, food sources and deficiency 

symptoms of vitamins.  
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Table 1) Classification of Fat- and water-soluble vitamins: 

Sn Fat Soluble  Chemical Name Food Sources  Deficiency  

1 Vitamin A Retinol Eggs, spinach, 

kale 

 

 
 

 
 

 
 

 
 

 

 

Night blindness 

2 Vitamin D Calciferol Fish, egg yolk 

salmon, red 

meat 

 

Rickets 

3 Vitamin E alpha-tocopherol Wheat germ, 

peanuts 

 

Nerve and 

muscle damage 

4 Vitamin K Phylloquinone,  

Naphthoquinone 

Spinach, kale, 

cereals 

 

Uncontrolled 

bleeding 

 WATER 

SOLUBLE 

   

1 Vitamin C Ascorbic Acid Citrus fruits, 

peppers 

 

Scurvy 

2 Vitamin B1 Thiamine Fruits, wheat 

germ 

 

Beri-beri 

3 Vitamin B2 Riboflavin Organ meat, 

broccoli 

 

Edema, 

cheilosis  

4 Vitamin B3 Niacin Pork, turkey, 

liver 

 

Pellagra 

5 Vitamin B5 Pantothenic acid Lentils, nuts, 

beans 

 

Rare: insomnia, 

depression 

6 Vitamin B6 Pyridoxine Wheat germ, 

oats, pork, fish, 

turkey 

 

Microcytic 

anemia 

7 Vitamin B7 Biotin Cereals, milk, 

egg yolk, 

raspberries 

 

Rare: hair loss, 

alopecia 

8 Vitamin B9 Folates or Folic 

acid 

Beans, liver, 

seafood, peanuts 

 

Vitamin 

deficiency 

Anemia 

9 Vitamin B12 Cyanocobalamin Eggs, meat, 

cheese, fish and 

cereals 

Pernicious 

anemia 

Table 2) Stability of vitamins against different parameters: 

SN Vitamin Light Heat Air 

1 Vitamin A Relatively stable Partially stable Partially stable 

2 Vitamin D Not stable Not stable Not stable 

3 Vitamin E Stable Not stable Not stable 

4 Vitamin K Stable Not stable Not stable 

5 Vitamin C Not stable Not stable Stable 
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6 Vitamin B complexes Not all except B6, B9 

and B12 

Not all except B6, B1, 

B9 

None of them is stable 

 
Fig 2) Absorption of vitamins in body 

Conclusion 
Vitamins are known to be the protective foods which are required in the small amounts in the body as per 

the age of a person. As we age the requirement for every micronutrient increases and if not met, person 

suffers from deficiency of micronutrients. Broadly classified as fat soluble and water-soluble vitamins, both 

have different mechanism of absorption in the body and therefore the requirement for both the vitamins is 

also different. Vitamin rich food which must be incorporated in the diet includes green leafy vegetables 

such as broccoli, spinach and carrots, fruits such as oranges, kiwi, tomatoes and some nuts. Despite of the 

health benefits, some vitamins are not stable at variable environmental conditions such as pH, heat, light, 

acidity or temperature. Food processing should be done in a manner so that these vitamins are not affected 

and meets the requirement of every individual. 
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Summary 
The medicinal coleus is now emerged as an important medicinal plant cultivated commercially in Tamil 

Nadu, Karnataka and Gujarat states of India. The economic part of this crop is root tubers which are highly 

prone to infestation by root-knot nematode. Severely infected medicinal coleus plants often failed to produce 

root tubers and caused yield reduction of up to 86 per cent. 

The chemical input for nematode management may also create the problems of poor quality and reduced 

forskolin content, which would ultimately affect its export trade. Application of Pseudomonas fluorescens 

as stem cuttings dipping + Growing marigold as intercrop in between the rows of medicinal coleus up to 

earthing-up i.e. 60-70 days after planting and uprooting cum in-situ incorporation of their biomass is an 

economical and eco-friendly bio-intensive approach to control root-knot nematodes. So, this bio-intensive 

management technology needs to be promoted for production of quality root tubers of medicinal coleus. 

Introduction 
Medicinal coleus, Coleus forskohlii (Wild) Briq is one of the commercially grown medicinal plants being 

cultivated in India, Nepal, Sri Lanka, Africa, Burma and Thailand. It is a perennial aromatic herb and 

produces root tubers, which are used as condiments in the preparation of pickles and for extraction of 

diterpenoid forskolin by the drug industries. 

Forskolin has the unique property of activating almost all hormone sensitive adenylate cylase enzymes in 

a biological system. It is useful in the treatment of congestive heart failure, glaucoma, asthma, cancer and 

in preventing immature graying of hair. It is in great demand in Japan, USA and European countries. 

Medicinal colelus is found to be the only exclusive source of forskolin. The growing demand for forskolin in 

international trade made emerging of medicinal coleus as a commercial cash crop in Tamil Nadu, 

Karnataka and Gujarat states and producing 1000 t/annum. One of the major constraints in its cultivation 

is the root-knot nematode Meloidogyne incognita infestation. Severely infested plants often fail to produce 

root tubers and yield up to 86% less.  

Root-knot nematode juvenile infests the root causing the development of galls in roots that drain the 

nutrients. Infestation of young plants may be lethal, while infestation of mature plants causes decreased 

yield. Infestation by M. incognita also makes the coleus plants highly susceptible to the attack of root rot 

fungal disease caused by Macrophomina phaseolina. Meloidogyne incognita acts as predisposing agent for 

the entry of M. phaseolina and causes destructive disease complex in medicinal coleus. The wide host 

nature of the root knot nematode and the highly susceptible nature of Coleus forskohlii are the main reason 

for this major outset problem in coleus cultivation. 

Symptoms and Diagnosis 
Root-knot nematode lives and feeds in roots as endo-parasite and causes formation of galls or knots on 

roots. In case of severe infection, galls coalesce to form large secondary galls and resulted in poor 

development of root tubers. In the field, one of the first indicators of root knot nematode infection is areas 

of depressed growth, where plants are shorter and less vigorous than healthy ones. The diseased plants 

exhibit symptoms typical of mineral deficiency or drought injury even in the presence of adequate fertilizer 

and moisture. In hot, dry weather, these infected plants wilt more readily than non-infected plants. The 

plants become yellowish and showing the symptoms of wilting and severe stunting. Severely infected plants 

often die long before maturity and fail to produce root tubers. 
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While diagnosis of root-knot nematode infestation, the aboveground symptoms always confused with other 

soil-related plant growth suppressing factors such as drought or nutritional disorders. To confirm root knot 

nematode infection, it is necessary to dig out the root systems and examine them for root galling. Nematode-

induced galls consist of globular, irregular deformations within the root architecture. These swellings are 

easily distinguished from nodules that are a normal part of pulses crops root systems. 

Bio-Intensive Management Technology 
Application of chemical nematicide, Carbofuran 3G @ 1 kg a.i/ha can control root-knot nematodes to a 

certain extent, but application of chemicals is strictly restricted in cultivation of medicinal plants to sustain 

the active principles and medicinal properties. Hence, an integrated approach such as stem cuttings 

dipping in 0.1% Pseudomonas fluorescens at planting + Growing marigold (Tagetus erecta) as intercrop in 

between the rows of medicinal coleus and uprooting cum in-situ incorporation of their biomass during 

earthing up at 60-70 days after planting can be followed for the management of root-knot nematodes. 

Mechanism of Nematode Control 
The nematicidal toxic principles such as α-terthienyl and bithienyl released from marigold roots will kill 

the root-knot nematode juveniles upto earthing up stage. Further improved nematode controls up to 

harvest extended by incorporation of marigold biomass which releases nemato-toxic organic acids such as 

dodecanoic acid, myristic acid, palmitic acid and steric acid. 

Plant growth promoting rhizobacterium, Pseudomonas fluorescens applied as stem cuttings dipping will 

colonizes the emerging roots and reduce M. incognita density by alteration of medicinal coleus root exudates 

that influence the nematode hatch, attraction and penetration behavior. The development and reproduction 

potential of some of the juveniles that managed to penetrate the medicinal coleus roots will be affected 

further by the root colonized P. fluorescens which affect the development of M. incognita by production of 

nemato-toxic metabolites  and antibiotics such as 2-4-diacetyl phloroglucinol in roots. 

Induction of systemic resistance by synthesis and accumulation of peroxidase, chitinase and glucanase 

enzymes in medicinal coleus root system by P. fluorescens also contributes as mechanism of control of 

nematodes. 

Conclusion 
Nematode control technology “stem cuttings dipping in 0.1% Pseudomonas fluorescens at planting + 

Growing marigold (Tagetus erecta) as intercrop in between the rows of medicinal coleus and uprooting cum 

in-situ incorporation of their biomass during earthing up at 60-70 days after planting” has the following 

advantages; 

1. Reduce root-knot nematode population by 66.7 % 

2. Decrease the incidence of M. phaseolina root rot disease up to 50 % 

3. Increase of root tuber yield by 45.3 %  

4. Low cost and eco-friendly. The cost of technology will be Rs 1000 - 1200/ha, but the net gain will be up to 

Rs. 22,150 /ha. 
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Honey bees are fascinating but complex insects with a highly organized social colony with a matriarch, 

communicating with a dance language and sting anybody who dared lay claim to their riches! 

Bee Barcode of Life Initiative (an aadhar for bees!), is a global effort to coordinate the assembly of a 

standardized reference sequence library for all ~20,000 bee species. They produce honey, “food of the gods”, 

a valuable commodity. However, besides honey production diverse bee services are explored in different 

parts of the globe. 

Beehive Fences: Protecting Crops and Empowering Rural Economy 
Crop-raiding by elephants is a serious problem which threatens farmers’ lives and livelihoods in Africa and 

South East Asia including the Indian subcontinent. Researchers led by Dr. Lucy King, in Kenya have found 

that elephants respond with alarm to the buzz of aggressive bees and quickly move away from the sound 

source. They also emit a low frequency rumble that warns other elephants in the area to retreat, and engage 

in head-shaking and dusting, behaviors that may help to prevent bee stings. The large pachyderms are 

terrified of bees because of the excruciating pain when they are stung inside their trunks. The sound of 

buzzing alone is enough to make elephants leave an area immediately. A pilot field experiment using 

beehive fences in 2009 proved widely successful and soon “The Elephant and Bees Project” was born. The 

design incorporates locally constructed beehives, which are strung intermittently between wooden poles to 

compose a primitive fence.  When elephants bump into the fence and disturb the associated hives, the sound 

of bees causes elephants to flee. The beneficiaries are enjoying the increased quality of life with greater 

income and less life-threatening Human Elephant Conflict. Increased bee pollination of crops and 

additional income through the sale of ‘Elephant-Friendly Honey’ add to the kitty of benefits. Use of beehive 

fences has proven more successful and economical compared to electrification, fire crackers, dogs or drums. 

Such bee fences have extended to neighboring Sri Lanka and also preliminary studies have been reported 

success from Kerala. The researchers note that, certainly pitting one of Africa’s smaller creatures against 

its largest has led to real improvements for farmers vulnerable to the destructive power of elephants. 

 
Fig.1. Bee fences (Source: http://www.thisiscolossal.com/2015/12/beehive-fences/) 
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Initiatives wherein indigenous people livelihood improvement through Honeybee farming has been 

successfully implemented in neighboring Pakistan. The Hashoo Foundation has trained and provided 

production kits to women beekeepers in Gilgit – Baltistan and Chitral through its Women Empowerment 

through Honey Bee Farming. The LAMPS (large-scale Adivasi multi-purpose cooperative societies) is a 

government-initiated cooperative which plays the role of collection, marketing and sales of NTFP (Non-

timber forest Product) collected by Soliga community in the Biligiri Rangana Hills (B.R.Hills). 

Eco-tourism: Integrating Ecology, Culture and Economy 
Tourism activities featuring bees include beekeeping museums found throughout North America, South 

America, Europe, Australia, Israel and Japan, and incorporating the art of beekeeping in tourism strategies 

at larger apiaries (Galil Apiary in Israel). At various hotels and resorts throughout Canada, the United 

States and Kenya. Tourists have joined the Mowalis, the honey gatherers of Sunderbans (India, 

Bangladesh) and the Rai, the honey collectors of the Himalayas in Nepal on their honey hunting excursions 

for the Giant Rock bee (Apis dorsata). Bhramari ('the Goddess of bees' or 'the Goddess of black bees'), is the 

incarnation of the Goddess Parvathi associated with bees. Bees also find mention different ancient 

civilizations, Mayan (Ah-Muzen-Cab is the god of bees and honey), Egyptian (bees grew from the tears of 

the sun god Ra) and Greek (honey-goddess Melissa). 

Architecture: Mimicking Bee Homes 
Honeybee comb with hexagonal cells is made of bee’s wax secreted by worker bees from four pairs of glands 

on the underside of their abdomen. Eggs laid singly into each cell by the mother queen hatch into tiny white 

larvae cared by their ‘altruistic sisters’, the worker bees. They are altruistic as they forego their capacity 

to reproduce to rare their siblings and sacrifice their lives in their effort to protect the colony from threats. 

'Biomimicry' is process of humans borrowing designs and systems from nature to create their own 

technology. The honey bee nest or comb is exquisitely designed and is one of the marvels of animal 

architecture. Many of the characteristics of the feral nests have been incorporated into artificial bee hives 

for honey bee management. Austrian philosopher, Ernst Fisher has said, a good honeybee will often put a 

bad architect to shame. The Ramot Polin neighbourhood is a housing project designed by the Polish-born 

Israeli architect Zvi Hecker, commissioned by the Israeli government resembling a beehive. Named Albany 

Marina Residences, but also known as the Honeycomb, with its hexagonal design evokes the natural 

geometries in honeycombs. 

  
The Ramot Polin housing project in Israel, 

also known as the Honey Bee Hive House 

Honeycomb apartment complex along the 

coast of the Bahamas 
Source: Back to the Future / A giant beehive abuzz 

with controversy Haaretz, By Noam Dvir, 29.12.11 

Source: https://www.archdaily.com/471330/big-

unveils-honeycomb-centerpiece-for-bahamas-

resort 

Sting: Venomous Medicine 
Bee-venom therapy or apitherapy is a branch of alternative medicine that uses honey bee products 

including honey, pollen, bee bread, propolis, royal jelly and bee venom reported to treat pain, arthritis and 

other health conditions. The most abundant component of bee venom is melittin, which has a powerful anti-

inflammatory action. 
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Bee SPA: Chilling like a Bee 
Recent developments in the field of spa and wellness are the new age “Bee Spas”. They are sporadically 

spread across eastern Europe as well as North America. These spas answer questions such as “have you 

ever wished you could be a fly on the wall? How about a bee in the hive? Etc.” The bee therapy huts are 

nothing but an enclosed structure which contains a flat bench that is built over several beehives. This bench 

allows the visitors to experience the sounds, smells and vibrations of the hives beneath them. Behind the 

hut, the beekeepers have access to the hives and the bees can move in and out as well. This small hut has 

enough room for a visitor to meditate, do yoga or even just relax and take it easy. This set up allows you to 

enter the world of the bees in peacefulness and peace. As you enter the hut and shut the door, you get hit 

with a sweet scent of honey, nectar and the aromatic cedarwood of the hut. This initiates the relaxation 

process and don’t forget to take deep breaths! The air in the beehives is highly ionized and clean; this 

benefits the respiratory system and calms the mind. When you listen into the constant euphonious buzzing, 

“bzzzzzz” “mmbbzzzz”, it relaxes your mind as the buzz is caused by micro-vibrations which are due to the 

flexing of the thoracic muscles in bees. Frequencies between 430 Hz and 530 Hz are said to induce 

relaxation and healing. The buzzing, the sound waves create air pressure and particle movement which 

ensures you can feel and hear them. This therapy balances the sympathetic and parasympathetic nervous 

system and removes stress and tension. 

 
A bee SPA  

(Source:https://encrypted-

tbn0.gstatic.com/images?q=tbn%3AANd9GcRPeC7wtKeW1rjWGvbrgzC_sGB_4UK4N-qJdQ&usqp=CAU) 

The Growing Concern: Pollination and the Impact of Climate Change 
The value of the honey bee comes from its ability to enhance agricultural crop production, making them 

farmers favorite insects. Migratory beekeepers are hired to bring their beehives temporarily to the farmer’s 

field, from state to state for pollination or honey production. To symbolize the significance of pollinating 

insects such as bees to flowers and to humans, a giant sculptor of the bee is placed in Outdoor Gardens of 

the Guinness record “Eden project” in England with two biomes housing plants collected from many diverse 
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climates and environments around the globe. Bees and flowering plants have evolved during a period of 

130 million years to become increasingly dependent upon one another. Approximately 73 per cent of the 

world’s cultivated crops are pollinated by bees. According to recent findings reports a global decline in the 

population of honey bees. India has recorded about 40% decline in honeybee populations. The value of bee 

pollination in Western Europe is estimated to be 30-50 times the value of honey and wax harvests in this 

region. In Africa, bee pollination is sometimes estimated to be 100 times the value of the honey harvest, 

depending on the type of crop.  Scientists have observed timing mismatches between flowering plants and 

pollinating honey bees, disrupting synchronized timing of flower blooming and the timing at which bees 

pollinate caused by global warming. Elevated temperatures and carbon dioxide levels are known to impact 

pollinator efficiency, distribution and diversity. How aptly will the bees with a long evolutionary history 

(146-74 million years ago) would adapt to changing climatic regimes and how human assistance in the form 

of beekeeping will help conserve them needs to be studied. 

 
The Eden project bee (Source: 

https://commons.wikimedia.org/wiki/File:The_Bee_(Eden_Project).JPG) 

Bees and Aerodynamics: Myth Busted! 
Not long ago, it was believed that it was aerodynamically impossible for bees to fly. Its wings are too small 

to get its huge body off the ground. The myth has been busted. Bees have been known to simultaneously 

flap and rotate their wings during an oscillation cycle. This creates a dynamic stall above their wings. This 

generates a large lift and pushes the bee upwards. The honeybees also have a rapid wing beat. It is known 

to flap its wings 230 times per second. These 230 flaps per second are just for hovering. They also have to 

carry pollen, nectar and large loads for the rest of the colony. Based on the flight for food foraging behaviors 

of honeybee colonies, a computer science algorithm was invented called as “Bee algorithm”. This algorithm 

performs a neighborhood search combined with a global search. 

Bees and Hygiene 
Hygienic bee workers detect and remove dead or diseased brood from sealed cells a heritable trait that 

confers colony-level resistance against various brood diseases. Younger bees perform these tasks within 

the nest while their older sisters forage outside collecting nectar mainly. Honey bee workers exhibit 

temporal polyethism - an age-based division of labor. 

Humans have prized these little wonders since ancient times and each one of us can help these busy bees 

by planting wildflowers in our garden, school ground, and apartment rooftops enabling them to collect 

nectar and load their hives with honey-“Home sweet Home”. 
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Introduction 
Present Livestock sector play and crucial role in the national economy. The enterprises provide sustainable 

income and employment in rural sectors for small holders’ marginal farmers and landless population. Short 

supply of seeds of fodder crops, preference of cash crops over fodder crops by farmers and many other 

reasons. Therefore, to ensure the supply high quality of nutritive fodder it is very essential not only to grow 

best varieties of fodder crops but also harvest it completely at one go. The prevalent practice in many parts 

of country is cutting the required quantity of fodder daily and that is being fed directly to livestock. 

The major drawback of this practice is non availability of essential nutrients throughout because of mature 

herbs and harden stems that passed high percentage of crude fibre. The land under fodder cultivation in 

small holders very limited. A technology of anaerobic fermentation of fodder crop are convenient for small 

holders was developed. 

Importance of Green Fodder 
1. Traditionally, green fodder is natural feedstuff for dairy animals. Cost of feed and fodder both constitute 

more than 60% of total expenditure of production animal. 

2. This expenditure can be substantially reduced if emphasis is given to cultivation of home. 

3. Growing of high yielding varieties of leguminous and non-leguminous fodder and its proper conservation 

and utilization. 

4. Another way to reduce reliance on concentrate feeding to base minimum. 

5. The cattle and buffalo producing capacity of 4 to 5 litter of milk can be sustain only on good quality hay 

and green fodder by reducing their cost. 

Function of Green Forages 
1. To supply uniform quality of green fodder throughout the year is essential. 

2. Right stage of harvesting of green fodder crop is outmost essential to ensure availability of the animals. 

3. Ensuring the conservation of nutrients. (In forage). 

What is Silage? 
Silage is  a feed stuff resulting from the preservation of green forage crops by acidification is called as 

silage” 

OR  

“Fodder is packed in airtight condition to preserve its nutritional value, improve its quality and taste and 

to make it easily digestible "this is called silage or pickle of the fodder. 
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Anaerobic Fermentation or Silage in Batch Containers 
1. Bamboo boxes: 

Bamboo Boxes / bamboo make containers. 

Size  -5x5x5 ft. or  7x7x7 ft.  

Capacity--- 1500 to 2000 kg.   

Internal lining with polyethin of 200 microns. Compaction manually and air tight sealing 

 

2. Plastic drums: 

 

3. Plastic bags: 

Special design plastic bags 

Size– 3.5x 3.0x 4.0ft. 

Capacity --- 600 to 800 kg. 

 

Advantages of Silage Making 
When the maize plants are harvested before the flowering stage, more nutrients can be available for animal 

feeding. It is produced both cold and cloudy weather. Better use of land with 2-3 crops annually. It can store 

up to 2-3 years without any deterioration. 

Losses due to shattering, leaching and bleaching during silage making are avoided. The silage making is 

less affected by adverse weather conditions, as compared to hay making. Weeds are also he utilize along 

with main fodder crops for silage making kills majority of weed seeds. 

The bag is easily stored and easily portable so that any member of the family can carry it to the feed through 

the cow. Plastics silage bags are economical alternative to traditional silage storage systems, such as pits 

and silos when related, harvest and storage losses are considered. 

Disadvantages of Silage Making 
The management of silo is sometime difficult on the form because once a silo is open then silage should 

remove in daily basis to minimize the loss of nutritive value. It does not allow to longer transportation. 

Silage is not interesting for marketing as its value is difficult to be determine. Loss of nutrients during 

storage in a silo is unavoidable and may be high if the silage is not prepared properly. 



 

 
Volume 3 - Issue 6 - June 2021       383 | P a g e  
 

Nutrients for Silage 
The nutrient status of grassland can be boosted by inorganic fertilizers. The value of nutrients contained 

in organic manures, which have been deposited by animals or spread mechanically, should be taken into 

account before any inorganic fertilizer is applied. Acidity (pH). Yield reductions will result if pH falls below 

the ideal of 6–6.5. 

Feeding of Silage 
Silage is typically a high-quality feed usually fed to livestock that have high nutrient requirements such 

as young animals and dairy animals. Livestock generally enjoy silage but some consideration must be made 

to feed it successfully. Any portion of silage to be fed that is obviously  spoiled or moldy must be disposed 

of. Silage should be fed within hours of opening the silo but it must feed out over. The greatest energy 

production and average daily gain of any silage crop it is important to recognize deficiency in protein, 

phosphorus, and vit A. 

Judging the Quality of Silage 
The quality of silage is judged by its color, smell, taste and touch. 

Color: pale yellow indicates good quality. If the color is dark brown-dark green, the silage is bad 

fermentation and quality. 

Smell: Acidic or Sweet-sour pleasant smell indicate good quality. 

Taste: if the silage taste sour and there is no problem in putting it one’s mouth, the quality is good. If the 

silage tastes bitter and one cannot put it in once mouth, the quality is poor. 

Touch: When squeezing the silage tightly in a hand and the opening the hand, if the silage breaks slowly 

that silage is good quality. The silage breaks in to small pieces separately the silage is deficient in moisture 

content. 

Conclusion 
The silage in small containers like in bamboo make containers or in plastic bags has become very popular 

with the farmers with small herd size and adopted but large number of livestock owners. 

Forage conservation is also providing farmers with a means of preserving forage when production is faster 

than can be adequately utilize by grazing animals. Forage provides more uniform level of high-quality 

forage for ruminant livestock throughout the year.    

Silage is a feed option that can make nutritious green fodder available in times when it would otherwise 

be un obtainable. More field scale research is needed to test additive effect on nutrient recovery with silage 

stored in small well-sealed plastic silos as might be realizable with small holders. During a insufficient 

fodder for the animal Silage is the best option to overcome it. 
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Introduction 
India is predicted to surpass China and become the most populous country in the world by 2027. Moreover, 

India is likely to add 273 million people between 2019 and 2050 and there by reach a population of 1.65 

billion by 2050. Accordingly, our food demand is expected to rise by 70-100 % and to meet this additional 

food demand, a predicted 50 % increase in yields of the major food crops will be required. At the same time, 

cultivable land is decreasing because of vegetation loss, soil erosion, inadequate water management, 

excessive use of fertilizers, soil and groundwater degradation, urbanization, climate change and poor 

agricultural practices. The total cultivable land area of India is 142 Mha. Out of this, 6.74 Mha is degraded 

due to soil salinity and alkalinity and it is likely to increase to 16.2 Mha by 2050 (Mandal et al., 2018). 

Another matter of concern in resource poor marginal lands is hidden hunger (deficiency of micronutrients 

and protein malnutrition) in people living in these areas. India is home to 46.6 million stunted children, a 

third of world’s total as per Global Nutrition Report 2018. Nearly half of all under-5 child mortality in India 

is attributable to undernutrition. Salt affected soils are one such category of degraded lands. India has salt 

affected soil of 6.73 m ha which is projected to 16.2 m ha by 2050. To feed the growing population and to 

combat malnutrition, these degraded lands should be brought under cultivation through such crops which 

can grow on such lands and are rich in nutrient profile. Quinoa is such crop which satisfies both these 

conditions. It is an edible annual seed crop which is famous for its protein content and high salt tolerance. 

This crop can be grown in marginal to highly saline soils under rainfed condition or irrigation with saline 

water. 

Quinoa: Origin and Distribution 
“Quinoa” is a native of South America where it has been cultivated and consumed for thousands of years 

(Jacobson et al., 2003). The people of South America have maintained, protected, and preserved this food 

crop using their indigenous knowledge and farming techniques. These people harvest the grain, roast it, 

and make it into flour and then into different kinds of bread. It can also be used as a cereal, soup, and 

pasta. The total production of quinoa in South America was 70,000 tonnes in 2009. Now, this crop has 

spread to more than 70 countries including India (http://www.fao.org/quinoa/en/) and the total global area 

and production accounts to 126000 ha and 103000 tonnes respectively. In India, it is cultivated in an area 

of 440 hectares with an approximate total production of 1053 tonnes (Ramesh et al., 2017). 

Nutritive and Health Benefits of Quinoa 
Quinoa seed can be eaten as a grain. It is a rich source of protein, dietary fiber, polyunsaturated fats, and 

minerals. The protein content of quinoa ranges from 12-17 % depending up on variety, climate, and 

cultivation practice. This is significantly higher than the rice (6-7 %), wheat (10-14 %) and barley (8-14 %). 

The protein of cereals like rice and wheat are deficient in the aminoacid lysine, whilst pulse protein is 

deficient in methionine. Quinoa protein contains both lysine and methionine and therefore is often called 

as complete protein. Furthermore, Quinoa has gluten free protein, has low glycemic index and high 

digestibility of 80 % and hence is a very safe diet alternative for diabetic patients (Nanduri et al., 2019). 

The nutritive value of quinoa is summarized in Table 1. The oil content is 1.8 to 9.5 % and rich in essential 

fatty acids. It also contains natural antioxidants like α-tocopheral (5.3 mg/100 g seed), γ-tocopheral (2.6 

mg/100 g seed), polyphenols and phytoestrogens that prevent heart diseases, osteoporosis, and breast 

cancer.  
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Table 1. Comparative analysis of nutritive value of quinoa and major cereal crops (Adopted and modified 

from FAO, 2013). 

Nutritive component Quinoa Rice Wheat Maize 

Energy (Kcal/100g) 399 372 392 408 

Total carbohydrate (g/100g) 69 80.4 78.4 81.1 

Protein (g/100g) 16.5 7.6 14.3 10.2 

Fat (g/100g) 6.3 2.2 2.3 4.7 

Vitamin (mg/100g) 

Thiamin 0.2-0.4 0.06 0.45-0.49 0.42 

Riboflavin 0.2-0.3 0.06 0.17 0.1 

Folic acid 0.0781 0.02 0.078 0.026 

Minerals (mg/100g dry weight) 

Calcium 148.7 6.9 50.3 17.1 

Iron 13.2 0.7 3.8 2.1 

Amino acid (g/100g protein) 

Lysine 6.0 3.8 2.6 2.9 

Methionine 5.3 3.3 3.7 4.0 

Morphology 
This plant belongs to Amaranthaceae family which includes other major food crops like beet root, spinach 

and sugar beet. Duration of the crop is 70-200 days depending up on variety. It has a deep, robust fibrous 

root system that helps to survive under drought. The ideal temperature for its growth is 15-20 oC, although 

it withstands temperature extremes ranging from 38 oC to -8 oC. It endures intense solar radiation enabling 

it to gain the hours of heat required for completing its life cycle. Additionally, it is highly frost and soil 

salinity resilient and tolerate up to an EC of 40 dS m-1 (Jacobson et al. 2009). It has a cylindrical stem with 

leaves which can absorb moisture during night, reduce transpiration and warming from solar radiation. 

Flowers are small without petals and may be bisexual, female or male sterile. The number of seeds per 

panicle ranges from 100-3000. Seeds are of varying colours like white, yellow, red and black depending on 

the variety (Figure 1) (http://www.fao.org/quinoa-2013/what-is-quinoa/plant/en/). The seed yield of the crop 

ranges from 2-7 tonnes/ha depending on variety, soil and climatic conditions. The genotypes originated 

from Inter-Andean valleys of Bolivia whose grains are small and white or yellow in colour are more suited 

to Indian climate. 

 
Figure 1. Adult quinoa plant and grain grown at ICAR-CSSRI, Karnal. 

Package of Practices 
Preliminary results showed that October 15 is the suitable planting date in south Indian conditions with 

spacing of 15 × 10 cm that can fetch an average yield of 15-20 quintal/hectare. The seed rate varies with 

variety and it ranges from 1.25 to 5 Kg/ha. Seed rate of 8-10 kg ha-1 is suitable for saline conditions for 

ensuring optimum plant stand. Seed should not be sown below 2 cm depth otherwise germination will be 

poor. Water soaking of seed for 6-8 hrs followed by shed drying and shallow showing depth in moist soil 
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may be adopted for proper germination. Initial fertilizer recommendation is 100: 50: 50 of N, P and K in 

the form of urea, single super phosphate and muriate of potash, respectively. 

Uses and Market Potential of Quinoa 
Quinoa has the potential to replace or supplement rice, wheat and maize as a major source of energy and 

protein. It is a potential breakfast item to school going children along with pulses like mung and chickpea. 

Akin to small millets like Korra, Quinnoa can be integrated into traditional South Indian breakfast like 

Idli, dosa etc. Moreover, products made from quinoa can be sold and exported as gluten free products. The 

major uses of quinoa are summarized in Table 2. Processed and semi processed packed food made from 

quinoa is available in the market, but it is expensive. Now they are also available on online food stores such 

as amazon pantry, grofers and bigbasket in metro cities at around Rs. 250/kg. Hence, resource poor farmers 

with degraded lands can become small entrepreneurs by starting quinoa cultivation. 

Table 2. The potential economic uses of quinoa (Adopted and modified from FAO, 2013): 

Plant part Uses/remarks 

Whole grain or seed Direct consumption as cereal. 

Tender leaves  Direct consumption (33 % protein/g dry weight). 

Grain flour Products like raw or roasted flour, flakes, semolina, breads, sauces, noodles, 

desserts, sweets. 

Grain Baby foods; consumed by mixing with hot water. very high protein source 

for pregnant women and children requiring quick nutritional recovery. 

Grain flour Added to different products like bread, noodles and biscuits at 40, 40 and 70 

% respectively. 

Leaves and stem Potential source of green and dry forage for cattle, goat, sheep, poultry, pigs 

and horses. 

Whole plant Medicinal uses: wound healing, reducing swelling, toothache, disinfecting 

urinary tract, bone setting, stopping of internal bleeding and as insect 

repellants. 

Grain Starch granule extraction; Starch is very small in size and highly stable 

making it a potential candidate for use in aerosol production, pulp, talc, 

plastic industry, paper industry etc. 

Bran Extraction of saponin which has high demand in pharmaceutical industries 

for developing medicines for increased intestinal permeability, high 

cholesterol and antibiotics. 

Whole plant Bio-insecticide 

Whole plant/grain Industrial uses: Food, cosmetics, pharmaceuticals. Saponin production 

which is needed in manufacturing of toothpaste, shampoo, detergents, beer, 

pesticides and antibiotics. 

Salinity and Quinoa 
Quinoa is a facultative halophyte with extreme salt tolerance (15-20 dS m-1). Existing quinoa germplasm 

in India has been reported to display high variability in salt tolerance. Preliminary experiments at ICAR-

CSSRI yielded promising results. Some of germplasm gave satisfactory grain yield of about 6.2 to 7.0 

g/plant under high irrigation water salinity of 24 dS m-1. Under field conditions, grain yield of 35 to 40 q 

ha-1was obtained in the saline soil of 6-8 dS m-1 EC2. Field germination was the main problem experienced 

due to its small seed size which needs to be looked into in future studies. 

Conclusion 
With increased health consciousness of the masses and incidence of diabetes, there is silent shift in the 

food preferences of people towards minor millets. Quinoa can also join this minor food revolution which is 

slowly picking up pace. Due to its nutrient concentrated grains, it is a powerful weapon to combat 

malnutrition of the country. This can be served as a component of mid-day meals programme being 

implemented in various schools across the country. Post-harvest processing of Quinoa can be routed 
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through self-help groups in villages. Farmers must be sensitized about this crop so that its production 

meets the demand predicted for this crop in future and contribute to doubling of farmer’s income. 
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Introduction 
Avocado (Persia americana) is a highly nutritive, evergreen subtropical fruit, belonging to the family 

Lauraceae. Persia americana consists of three races: West Indian (tropical), Gautemalan (thick skin) and 

Mexican (thin skin). This fruit is native to Tropical America. Nutritionally, it has high calorific value, with 

low sugar content and recommended as a high energy food for diabetic patients. The pulp contains buttery 

consistency with nutty flavor. The trees are medium to large in size that may grow up to 10-20 m height. 

The tress contains small but attractive greenish yellow flowers. During blooming period, avocado trees 

produce more than a million flowers. Enormous flowering is nature’s way of encouraging visits for 

pollinators. Even, with this excessive blossoming, there are several reasons for fruitfulness in avocado. 

Reasons for Unfruitfulness in Avocado 
There are several reasons for fruitlessness in avocado. The major reason is being the long juvenile period. 

Grafted trees usually begin to produce fruit in three to four years while avocado seedlings (non-grafted) 

take much longer to produce (10-12 years or even more). Lack of sufficient planting material through 

vegetative method is the major reason that encourages the seed propagation. Moreover, avocado is a 

subtropical plant. Under cooler climate, the tree may survive but never sets fruit. Freezing injury may vary 

from killing of flower buds due to vegetative injury to tree death. Excessive heat can also greatly reduce 

avocado sets. Hot, dry winds during the blooming period can desiccate the tender stigmas and styles. The 

thick outer coat of avocado pollen should be protected from drying out. Excess heat can kill the embryo 

after the fruit set has occurred, thus sharply reducing marketable fruit yield. Additionally, avocados 

undergo the problem of alternate bearing in which the tree often produces a heavy fruit set one year, while 

in the successive year it produces a much lighter set of fruit. The most likely cause for no fruit on an avocado 

tree is the flowering pattern in avocado with a unique flowering behavior, called “Protogynous Diurnally 

Synchronous Dichogamy” (PDSD). 

Flowering Behavior 
The inflorescence of avocado is a panicle of cymes. Flowers are small, greenish yellow, bisexual with a 

superior ovary. Anthesis occurs over a period of 3-8 weeks. Full blooming occurs in march-April (Northern 

hemisphere) and August-October (Southern hemisphere). The avocado has a ‘complete’ flower, but with an 

unusual behavior known as Protogynous Diurnally Synchronous Dichogamy (PDSD). The flower contains 

both functionally male and female organs in a single flower, but opens and closes twice over a two-day 

period — the first day as functionally  female (Figure 1) and the next day as functionally male (Figure 2). 

Each opening stage only lasts for about half a day. 

  
Fig 1: Day 1- Female stage of flowering Fig 2:  Day 2-Male stage of flowering (a total 

of 9 stamens with 6 outer stamens, 3 inner 

stamens) 
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Protogynous means the female part matures first. Each and every flower opens twice. At the first opening, 

it is functionally female; – the pistil is mature, the stigma is receptive, while, the pollen sacs remain closed. 

At the second opening, the flower is functionally male; dehiscence of the pollen sac occurs and pollen is 

being shed while the upper part of the style is frequently shriveled and brown. Diurnally means the two-

day cycle of blooming. Synchronous explains the  same frequency of flowering pattern as each avocado 

cultivar or seedling displays a consistent pattern to their sequence of female and male opening (time of day/ 

morning or afternoon). Dichogamy means the ripening of the stamens and pistils of a flower at different 

times in which either male or female mature first. In case of avocado female flower matures first. In order 

to further complicate things, avocado flowering patterns are divided into two types: “A” and “B”. “A" 

varieties are open as female on the morning of the first day and close in the late morning or early afternoon. 

The flower will remain closed until the afternoon of the second day when it opens as male. "B" varieties 

open as female on the afternoon of the first day, close in the late afternoon and re-open in the male phase 

in the following morning. The elapsed time between the first and second opening is about 24 hours for the 

flowers of “A” varieties and about 12 hours for the flowers of “B” varieties (Fig 3). 

 
 

Fig 3: Timing of avocado flowering for “A” 

and “B” flower types 

Fig 4: The sequence of timing for “A” and “B” 

flower types under field conditions 

Pollination Patterns 
Avocados are entomophilous in nature, mainly pollinated by insects (bee, wasp, flies) crop. However, under 

certain environmental conditions (warm, subtropical, high RH and low wind), some cultivars (West Indian 

race) are wind pollinated. Avocado cultivars also vary in their period of flowering (time of season). 

Accordingly, they can be early, mid and late in flowering. To optimize pollination, mixing of Type A and 

Type B cultivars, which bloom during the same period, should be done. This will optimize the chances for 

cross pollination. Avocado trees planted in groups usually do not have pollination problems. Since, there 

are hundreds of flowers on an avocado tree at a time, the actual situation in the field as shown in Fig 4. 

There the arrows denote the movement of pollen between the complementary flower types. The A type 

variety is pollinated with the B type variety and vice-versa. 

Examples of Type A and Type B Varieties 
Type A Type B 

Hass Bacon 

Gwen Ettinger 

Lamb Hass Fuerte 

Pinkerton Sharwil 

Reed Sir Prize 

Choquette Waltor Hole 

Lula Zutano 

Russel Hall 

Wurtz Shepard 

Esther Helen 
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Methods to Increase Fruit Set 
1. Proper selection of site: As climate play a very essential factor for avocado fruit set in term of frost 

injury, chilling injury and excess heat, the careful selection of site becomes very important.  

2. Pollenizer Variety: For maximum fruitfulness within each race, cultivars selection is of major 

importance. To encourage pollination, plant more than one tree at a single location with the mixture of 

Type A and Type B cultivars. 

3. Bees: Additionally, placing beehives in the orchard may also increase the fruitfulness of avocado trees. 

At least placing one hive per acre is recommended for proper pollination and fruit set. Increased bee 

populations mean an increased chance for pollination. 

4. Vegetative propagation: Plant rootstock grafted seedlings rather than seed propagated ones. For 

maximum fruitfulness, it is not enough to have the best strain of the best cultivar but the cultivar must be 

grafted onto the best rootstock.  

5. Irrigation: Proper and frequent irrigation is the number one key to increase avocado production. 

Consistent irrigation should be given to the trees. Water deeply to soak the roots and it should be repeated 

when the soil surface gets dried. Depending upon the temperature, daily or weekly irrigation schedules 

should be followed. Regular watering encourages fruit set and fruit retention. Proper irrigation should be 

done to avoid water stress during the period of bloom and fruit set. 

6. Nutrient: Proper doses of nutrients in the form of organic manure and fertilizers should be applied to 

the trees with a nitrogen rich fertilizer dose in the late winter to early spring and again in early summer. 

From April to June (Northern Hemisphere), refrain from feeding the trees with a nitrogen rich food which 

will only encourage foliage growth rather than fruit production. Moreover, phosphorus has been shown to 

increase yield within six years. Phosphorus-nitrogen applications in October-November shown good result 

in avocado production. 

7. Canopy Management: Avocado needs sufficient light for the production, so for the good light 

penetration canopy management is the key. Remove alternate trees in the orchard or prune out selected 

branches to open the trees to light. Light available to the lower parts of the trees allow new foliage 

production which increases the fruiting surface.  

Avocado trees do not need or prefer heavy pruning. Pruning of only dead, broken, or diseased branches 

should be done without cutting or damaging branches with buds or flowers.  

8. Girdling: One specific measure to increase fruit set is limb girdling: remove a strip of bark 1 cm or less 

in width, involving half or so of the tree each year. Girdling induces flower development as well as 

strengthening the flowers so that they can overcome stress better than the flowers on non-girdled trees. 
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Minimal processing’ describes non thermal technologies to process food in a manner to guarantee the food 

safety and preservation as well as to maintain as much as possible the fresh-like characteristics of fruits 

and vegetables. Minimal-processing technologies are modern techniques that provide sufficient shelf life to 

foods to allow their distribution, while also meeting the demands of the consumers for convenience and 

fresh-like quality. Minimal-processing technologies can be applied at various stages of the food distribution 

chain, in storage, in processing and/or in packaging. A considerable increase in the demand for high-quality 

fruits and vegetables, coupled with convenience and safety. Minimal processing of raw fruits and vegetables 

has two purposes. First, it is important to keep the product fresh, but convenient without losing its 

nutritional quality. Second, the product should have a shelf life sufficient enough to make distribution 

feasible within the region of consumption. The microbiological, sensory, and nutritional shelf life of 

minimally processed vegetables or fruits should be at least 4-7 days, but preferably even longer. 

Sanitation is an integral part of minimal processing. Minimally processed fruits and vegetables are 

essentially damaged tissues. The chances of food pathogens or spoilage organisms growing in these 

products are very high. There are three factors that are necessary for foodborne illnesses, namely, the host, 

pathogen, and exposure. There are no absolute guarantees of the absence of all pathogens by the minimal 

processing methods and technologies. However, a reduction in one or more of the three factors will have a 

substantial effect in reducing the chances of foodborne illnesses. Washing of fresh fruits and vegetables 

before cutting is important to control microbial loads that include mesophilic microflora, lactic acid 

bacteria, coliforms, fecal coliforms, yeasts, molds, and pectinolyticmicroflora. Minimally processed products 

are generally rinsed in 50–200 ppm chlorine or 5 ppm of chlorine dioxide, which may also aid in reducing 

the browning reactions. However, product safety, not shelf life, is the critical sanitation issue in minimally 

processed fruits and vegetables. 

Chlorination is the Primary Form of Sanitation 
The use of ozone and ultraviolet radiation for minimal processing. Ozone has strong oxidizing power and 

is capable of inactivating microorganisms effectively. To date, there are no indications of adverse human 

health or environment effects of water ozonization. However, at moderate concentrations, browning 

reactions may be enhanced in minimally processed products. 

Edible Coating 
Edible coatings are generally made from one or more of four major types of materials: lipids, resins, 

polysaccharides, and proteins. Coatings made from polysaccharides (cellulose, pectin, starch, alginates, 

chitosan, carrageenan, gums, etc.) are generally good barriers and adhere well to cut surfaces of fruits or 

vegetables, but their hydrophilic nature makes them poor barriers to moisture. Almost all minimally 

processed fruits have all or part of the peel or outer protective coating removed. This allows entrance of 

spoilage organisms and dehydration of the fruit tissues. 

Use of edible coating or plastic packaging is necessary to retard moisture loss by providing a barrier to 

water vapor resulting in a relatively high humid environment as well as minimize microbial contamination. 

Attempts have been made to control leakage from minimally processed (peeled) grapefruit segments with 

edible coating of calcium alginate, with varying levels of coating firmness. The coatings effectively enhanced 

firmness of segments. An 89% increase in tissue firmness was accompanied by only 16% decrease in fluid 

loss. 
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Applications of Minimal / Light Processing 
Apple: A soybean coating preserved freshness of apple slices. Browning and water loss of cut apple slices 

has been inhibited by a composite coating of chitosan and lauric acid. A casein (milk protein) and lipid 

(acetylated monoglyceride, stearate, or beeswax) mixture was developed for lightly processed fruits and 

vegetables. It protected a processed piece of apple from moisture loss and oxidative browning for up to 3 

days. 

Carrots: Minimally processed carrots (Daucuscarota L.) are a ready-to-eat product with a limited shelf life 

due to a physiological disorder known as “white blush.” Formation of the whitish appearance on the surface 

of peeled carrots has been attributed to dehydration and possibly lignin formation in response to peeling. 

A sodium caseinate/stearic acid emulsion reduced white blush of peeled carrot sections.  

Celery: A casein-acetylated monoglyceride coating significantly (75%) reduced moisture loss in celery 

sticks. This coating did not modify respiration or ethylene production of coated apples or celery sticks. 

Apparently, the coating was sufficiently permeable to gases such that the internal atmosphere of the tissue 

was not altered to the point of affecting respiration or ethylene production. 

Cabbage: Shredded cabbage (Brassica oleracea L. Captitata Group) was dipped in sucrose fatty acid esters 

(0.25%). Browning was reduced in cabbage after storage at 10°C, apparently due to reduced O2 at the 

cabbage surface, and also to increased ethanol concentrations. 

Durian Suitable for Minimal Processing Due to Following Reason 
1. Thick & thorny skin-difficulties in cutting & assessing the internal quality 

2. Big inedible portions.  

3. Recovery portion only 30%. 

4. Strong aroma-not allow for export by air shipment 

5. Several physiological disorders in durian severely reduce their quality; e.g., granulation of fruit pulp, 

internal browning of the pulp core, wet core and tip burn problems. 

Minimally Processed Durian Has Following Problems 
1. Short shelf life. 1 day at ambient. 3-4 days at hypermarket. 

2. Prolonged storage resulting in slimy surface & off odour. 

3. Packing system- causes impact damage. 

Minimal processing storage life at 20°C for Pineapple is 2 weeks and for jackfruit and durian is 3 weeks. 

Minimal Processing of Guava 
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Suitable Packing System 
Protect the products, Maintain the quality, Ensure the food safety, Attract the consumer. 

Major Requirements of Packing Materials 
1. Control moisture loss. 

2. Gas transfer. 

3. Protection against external physical or mechanical damage. 

4. Compliance with regulatory requirements and guidelines. 

5. Cost effective. 

6. Facilitate transport, handling, storage and marketing. 

7. Packaging must provide sufficient gas exchange, rigid packages and reduce physical injury. 

Packaging Material for Minimally Processed Food 
1. Polypropylene container: 

a. Easy to handle, packing faster, can be stack, Bulk packing. 

b. Low temperature - provide cool environment to preserve the quality & freshness during 

transportation & marketing. 

2. Temperature affects all cause of spoilage: 

a. Metabolic changes; respiration, ethylene, texture, aroma, etc. 

b. Transpiration, Mechanical injury, Physiological disorders. Decay, microbial growth. 

3. Sign of deterioration in fresh cuts: 

a. Bruished – packaging too tight/rough handling. 

b. Wilting – excessive drying/water loss. 

c. Mushiness – excessive tissue softening. 

d. Development of off colour- enzymatic browning. 

e. Undesirable odour/fermented aroma accumulation of ethanol. 

Main Factors Affecting Quality of Minimally Processed Produce are 
Harvesting operations, Raw material, Preparation procedures, Trimming, Cutting, Peeling, Shredding, 

Processing conditions, Good manufacturing practices, Packaging and storage. 

Reasons for Increased Market Demand of Minimally Processed Food are as Follow 
1. Consumers become more conscious in their food choices but have less time to prepare the food. 

2. The market outlet for minimally processed products has expanded from traditional to exclusive outlets 

such as supermarkets, hotels, airlines catering services. 

3. A need for suitable handling operation as the product is very perishable: More perishable than the intact 

produce. Been subjected to physical stress such as peeling, cutting, slicing, etc. Tissues are still living. The 

preparation entails physical wounding- increased respiration and ethylene production and biochemical 

changes - limit the shelf life. 

Conclusions 
Minimal processing is a growing processing trend that offers the consumer, convenience, “freshness” of 

quality, nutrition, and safety. As it involves removing or reducing the natural barriers to deterioration, it 

offers scientists an enormous challenge in trying to extend the shelf life of minimally processed fresh 

produce. However, the consumer demand for minimally processed products, changes in perception of the 

consumers for “freshness” of quality of fresh produce, and the convenience of such products warrant further 

research and developments in this area. 
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Introduction 
Light is utilized by the plants both as primary energy source and an indication for morphogenesis. Plant 

growth and morphogenesis are strictly influenced by light intensity, photoperiod, and quality. Slow moving 

plants which move towards or away from stimulus like light, referred as tropisms. It is vital to understand 

that plants perceive the light or colors of the light from the spectrum with the help of light sensors found 

in plants known as photoreceptors, by the protein molecule pigments. Within various pigments that 

promote photomorphogenic reaction in plants, the most promising are those that absorb red and blue light 

i.e., Phytochrome and chryptochrome. These pigments control many physiological aspects in the plants. 

Latest innovative and vital techniques for light management in horticultural crops. 

 
Fig-1 : Light Management in Tomato Crop 

1. Reflective ground films: In fruit crop orchards, the spectral dispersion of solar radiation varies widely 

as the lights enters and disperse inside the tree canopy, causing filtered and unfiltered light to form under 

the canopy with less light reaching the portion under canopy. To cope up this problem reflective ground 

films can be used in orchards. Reflective ground film is a shiny bright/ silver plastic cover to improve canopy 

light relations which enhance fruit quality traits such as colour and sugar content of fruits, thereby 

improving yield and quality of produce.  

2. Photo-selective nets: This refers to covering of crops with nets which are capable of selective filtering 

of penetrated solar radiation coupled with protective function. The nets are designed to screen different 

spectral waves of solar radiation, and/or changes direct light into dispersed light. This technique based on 

pure plastic products containing different chromophores and light scattering and reflective component were 

introduced during manufacturing.  

Effect of Different Colored Nets in Horticultural Crops 
1. Fruit crops: Nets have multiple uses in fruit crops such as persimmon, apples, pears, and table-grapes. 

2. Vegetable crops: Red, yellow and pearl colored shade nets increase productivity when compared to 

other covering practices in cases of tomato and capsicum.  

3. Ornamental crops: These plants are being cultivated traditionally in shade-net houses, shown distinct 

impacts to red, blue-, grey-, yellow- and pearl-coloured nets with black colored net having same shading 

factor.  

4. Artificial lighting: Artificial lighting may be provided to plant as – Supplemental lighting: 

Supplemental lighting is the provision of artificial light in addition to sunlight, the greenhouse given under 

higher light intensities. Supplemental light is beneficial to provide when, a) higher light intensities, b) 

when ambient light intensity may limit plant growth, c) shorter day length, winter, cloudy days, d) Most 
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economical when plant densities are high, and e) greater the number of plants per unit area and the fewer 

number of lamps. 

Photoperiod Lighting 
Photoperiodic lighting is provided to fulfill the need of light duration i. e., either by giving of length or by 

reduction of light duration known as photoperiod lighting. It is given in Lower light intensities. Under 

natural conditions the daylight duration differs hence the plant has developed several mechanisms to 

evaluate whether it is Day/ night and is it the right season for flowering or not. That’s why plants are of 

long day & short-day type. Photoperiod has key role in different aspects of plant’s growth and development 

such as flowering, dormancy, storage organ formation and sex expression etc. artificial short day and long 

days can be created using the photoperiod lighting. 

By understanding how day length influences plant growth and development in photoperiodic species, we 

can control the natural photoperiod to encourage vegetative growth or flowering, whichever is needed. 

Therefore, successful production of many crops requires knowledge of: 

1. How plants react to photoperiod? 

2. How photoperiod differs across the year? 

3. How to modify the photoperiod for regulation of growth and development? 

LED lighting Technique: Light - emitting diode (LEDs) is potentially one of the biggest progresses in 

horticultural lighting in recent decades. LEDs has ability to play various roles in horticultural lighting, 

such as its use in controlled environment research, lighting for tissue culture, and supplemental and 

photoperiod lighting in the greenhouses. LED lighting systems have several unique advantages over 

existing horticultural lighting. Lightemitting diode technology permits higher light quantity, quality, 

photoperiod, and combinations thereof can be controlled with great precision. Specific light combinations 

may be adjusted throughout the life of a plant to potentially optimize traits of interest such as 

synchronization of flowering, maintenance of vegetative growth programs, control of plant stature, or 

acceleration of juvenility. Blue and red LEDs can provide just the light a plant needs, making the process 

more efficient and growing a stronger, healthier plant. 

Merits of Using LED Lights Over Traditional Kind of Horticultural Lighting 
1. LEDs emit cooler temperature, having longer life and smaller in size. 

2. Safer nature of LEDs. 

3. LEDs consume extremely lesser power. 

4. LEDs releases lesser radiant heat. 

5. The danger of broken glass, high temperature and mercury in decreased with LEDs use. 

Conclusion Light is the vital environmental factors and can be manipulated with techniques such as photo 

selective nets, ground cover film and artificial light source being followed in developed countries for 

enhancing productivity. To fulfill the demand of increasing population, horticulturist will have to vital role 

in light management in protected cultivation in changing climatic scenario. 

 
Fig-2 : LED light use in horticultural crops 
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Introduction Precision agriculture can be defined as a comprehensive system designed to optimize 

agricultural production through the application of crop information, advanced technology and management 

practices. To be a truly comprehensive system, it must begin during the planning stages of the crop and 

continue through the post-harvest-processing phase of production. Information, technology and 

management are the keys to success in this production system (Arora, 2005). It remained forgotten for 

quite a long time, until the availability of microcomputers, sensors and positioning systems that became 

available at reasonable cost. According to Goering (1993) the increasing concern with environmental 

factors, brought back that concept since the application of agricultural chemicals in a site-specific basis 

would decrease the chances of leaching of these products and environment contamination.  

Precision agriculture is also known as precision farming, precision horticulture, site-specific farming (SSF), 

site-specific management (SSM), site-specific crop management (SSCM), and variable rate application 

(VRA) etc. Precision Agriculture (PA): “is an integrated information and production-based farming system 

that is designed to increase long term, site specific and whole farm production efficiency, productivity and 

profitability while minimizing unintended impacts on wildlife and the environment”. Site-specific crop 

management (SSCM): “A form of precision agriculture whereby decisions on resource application and 

agronomic practices are improved to better match soil and crop requirements as they vary in the field”. 

Precision agriculture vis-à-vis traditional agriculture Precision agriculture distinguishes itself from 

traditional agriculture by its level of management. Instead of managing whole fields as a single unit, 

management is customized for small areas within fields. This increased level of management emphasizes 

the need for sound agronomic practices. Unlike traditional crop management, which assumes uniform field 

conditions and recommends average input application rates, precision agriculture is information intensive. 

 

Objectives of Precision Farming 
1. Increased profitability and sustainability. 

2. Optimizing production efficiency. 

3. Optimizing product quality. 

4. Most efficient chemical and seed use. 

5. Effective and efficient pest management. 

6. Energy, water and soil conservation. 

7. Surface and ground water protection. 

8. Minimizing environmental impact. 

9. Minimizing Risk. 
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Potential Benefits of Precision Farming Precision Agriculture 
Increased profits through increased efficiency , reduced agronomic inputs, Better record keeping, Improved 

production decisions, on farm research, reduced environmental impact, Property advantages and More 

ground farmed: Constraints involved in precision agriculture: Small land holdings, High-cost technology, 

Heterogeneity of cropping systems, Lack of local technical expertise and knowledge and Technological gaps 

(Moran MS,1997). Misconceptions carried by precision agriculture Like many new concepts, PA is often 

confused with yield mapping. Yield mapping is a tool that is one of the first steps towards implementing a 

SSCM strategy. PA is sometimes misinterpreted as sustainable agriculture. PA is a tool to help make 

agriculture more sustainable  however, it is not the total answer.PA aims at maximum production efficiency 

with minimum environmental impact. Initially it was the potential for improved productivity (and 

profitability) that drove the development of SSCM as a form of PA. 

Elements of Precision Farming 
1. Information: Crop characteristics like stage of crop, crop health, nutrient requirement etc. Detailed soil 

layer with physical and chemical properties, depth, texture, nutrient status, salinity and toxicity, soil 

temperature, productivity potential etc.  

2. Technology: PA is an integrated agricultural management system incorporating several technologies. 

 

The Technological Tools Often Include 
1. Global positioning system (GPS). 

2. Geographical information system (GIS). 

3. Yield monitors GPS. 

4. Variable Rate Technology. 

5. Remote Sensing. 

6. Decision support (management). 

Steps Involved in Precision Agriculture Adoption 
1. Purchase a mapping programme. 

2. Collect spatial data. 

3. Keep records. 

4. Obtain remote images. 

7. Purchase a yield monitor. 

8. Purchase a DGPS receiver. 

9. Generate yield maps. 

10. Use yield maps for scouting. 

11. Generate profit maps. 

12. Use yield and profit maps for land. 

13. Take site-specific soil fertility samples. 

14. Manage subfields. 

15. Adopt variable rate technology (VRT) Precision farming development centres (PFDC) in India. 
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There are About Precision Farming Development Centres (PFDC) in India Namely 
1. PFDC Jorhat Assam. 

2. PFDC Samastipur Bihar. 

3. PFDC HAU Hissar. 

4. PFDC Bikaner Rajasthan. 

5. PFDC Raipur Chhattisgarh. 

7. PFDC Hyderabad. 

8. PFDC IARI. 

Conclusion 
A truly comprehensive approach to precision agriculture must cover all phases of production from planning 

to post harvest. Information, technology and management are combined into a production system that can 

increase productivity, improve product quality, allow more efficient chemical use conserve energy and 

provide for soil and ground water protection. Technology and management practices such as field scouting, 

field mapping, variable rate  control, yield mapping and post-harvest processing can readily be adapted to 

vegetable crop production. However, the technology related to precision farming needs refinement to realize 

benefits (Kalia, 2005). 
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Summary 
Bioherbicides are the emerging weed control method in existing management system. Weed population 

once established, is very important and difficult to control. Bioherbicide is used inundatively specific to the 

host and providing effective control. Their use become more important when weeds attained resistance for 

herbicides. However, there are some drawbacks which restrict their adoption and availability among the 

farmers. This includes high cost of bioherbicides. Also, there is a need of much more improvement in 

bioherbicide in terms of formulations. 

Introduction 
Weeds are the unwanted plants, grow in places where they were not required and compete with the main 

crop for space, soil nutrients and water affecting overall yield of the crop. There are mainly two approaches 

for using biological control method (using living organisms such as bacteria, fungi, nematodes etc. for 

controlling weed population), one is classical or inoculative approach in which organisms which are weed 

specific are introduced but in low amount and it requires seasons to years for their establishment and 

showing results. It cannot be used commercially. Second one is inundative approach in which bioherbicide 

falls and has commercial potential. In it weed population is flooded with bioagents and shows rapid results 

(Kremer, 2005).  

Bioherbicides are the formulations that are based on living organisms such as fungus, bacteria, virus, 

nematodes and plant derived products. Bioherbicides are an eco-friendly method as they do not harm the 

main crop and are very specific in its mode of action. Its application technique is similar to that of other 

category herbicides i.e., by spraying, granules and with only two applications, their result can be seen 

throughout the season. The exposure for bioherbicide use started in 1970s when DeVine and Collego, first 

bioherbicides were developed. This article is all about current trends, future prospects and other 

information about bioherbicides. 

Need for Bioherbicides 
Weeds reduce the expected yield of the crops. Weeds had been becoming a main concern besides insects 

and pathogens. Weeds took the nutrients, fertilisers, sunlight, water etc. which were applied for the main 

crop and became competitive. Weeds can be controlled by mechanical methods and chemical control, but 

due to the increased and continuous use of chemical herbicides, various issues have been arisen. 

Environmental issues are the main reason for looking into other approaches than chemical methods. 

Increasing use of herbicides had resulted in residue problem in edible produce, leaching of herbicide to 

water reservoir, spray drift hazards, affecting non target plants or organisms, etc. It also causes increased 

resistance in weed flora for herbicides and weed population shifts. Thus, bioherbicide being a biological 

approach can be helpful in prior issues. However, individual approach cannot be fruitful for satisfactory 

control but when used with existing methods, it can give desirable results. For example, mechanical method 

along with bioherbicides or by mixing chemical herbicides with bioherbicides. It helps in depleting reliance 

on chemical herbicides. Also, mixing bioherbicides with chemical herbicides had proved to have synergistic 

effect (Caulder et. al., 1987). 

Features of Bioherbicides 
1. Environmentally safe: It is environment friendly practice as it does not cause harm to soil biome, not 

even in long run. 

2. Target specificity: It is very specific to the target organisms or weeds and does not affect the main crop 

or any other useful predators. 
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3. Efficient control: Bioherbicides has much higher efficiency up to 60-80 %. 

4. No residue problem: Bioherbicides didn’t left any residue from one season to another season. 

Current Status of Bioherbicides 
Bioherbicides industry is under development right now in terms of formulations, adoption, application 

methods etc. Bioherbicides obtained from fungus are called as mycoherbicides and in industries, they are 

referred to as naturals. Mostly bioherbicides are made from fungus as they are viable even without the host 

except few cases unlike bacteria and viruses. There are many hurdles in case of bioherbicides adoption such 

as storage as it requires specific humidity and temperature which makes them costly practice. Also, there 

are more than sufficient number of living organisms available for bioherbicides but only few of them could 

be made into successful commercial bioherbicides. New bioherbicides are under study or in making so that 

farmers can get better formulations with afforded cost and enhanced adoption to environment. 

Registered Bioherbicides 
DeVine: It is made up of strain Phytophthora palmivora and is used in controlling strangler vine in citrus. 

Its use is restricted in Florida countries but is not available commercially. It is the first bioherbicide 

developed by Abbott laboratories in USA. 

Collego: It contain Colletotrichum gloeosporioides f. sp. aeschynomeneas main component and developed 

by Upjohn Company in 1982 (Bowers, 1986). It is available commercially on annual basis. 

Bio Mal: It comprises Colletotrichum gloeosporioides f.sp. malvae and developed in Canada in 1992. It is 

used for weeds arise in malvaceae family. It is not commercially available. Its production was halted due 

to higher costs and marketing problem. 

Future Place of Bioherbicides 
In 90s, the issues we were facing with respect to bioherbicide have been overcome now. Now, bioherbicide 

industry needs more investment for performing various research and development activities so that we can 

get improved formulations. Also, focusing on technologies or formulations which were cost effective. 

Bioherbicides will be definitely a part of our future management strategies as we are shifting towards non 

chemical weed control methods and integrated weed management approach. Bioherbicides are completely 

different from chemical herbicides right from their effectiveness to storage, this need to be understood for 

adoption of bioherbicides among the farmers. 

Conclusion 
It can be concluded that bioherbicide is not the single approach for controlling weeds but it can be used in 

existed management system or in integrated weed management approach. In the current system, there is 

a need to widen host ranges, proper method should be developed for enhancing bioherbicide efficiency, 

upgrading formulations etc. Use of herbicides reduce farmer’s dependence on herbicides and it will benefit 

our environment in long run. 
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Introduction 
Good health depends on good nutrition. Good nutrition in turns depends on agriculture to provide the foods-

cereals, pulses, vegetables, fruits ,meat, fish ,milk and dairy products –for balanced diet that meets the 

need of energy, protein, vitamins, and minerals. Lack of availability of different nutrients  of food to the 

needy is one of the major causes of malnutrition in India .The intake of protective foods like pulses, 

vegetables, milk and fruits are very low which leads to nutritional deficiency disorders. According to 

Hungama (2012) Hunger and Malnutrition 2012 reports-malnutrition in Indian children is continues to be 

of higher level with 42.3% being underweight,58.8% stunted and 11% wasted (Indumathi et al.,2012). 

Nutritional security should be achieved through much more attention needs to be given not only to 

quantity, but also to quality of foods especially among low-income groups where adequate intake of 

micronutrient rich foods such as meat, dairy, legumes, fruits and vegetables are generally unavailable. 

Nutri- kitchen gardening is food-based strategy of improving nutrition. Sustainable enhancement of 

household nutritional self-sufficiency through establishment of homestead gardening has led to a decline 

in the prevalence of anaemia in women and children (Arimond et al.,2011). Improved nutritional status of 

mothers is associated with better child health and survival. 

India has a rich heritage of indigenous fruits and vegetables. They are not only rich in minerals and 

vitamins but also contribute in a big way in maintaining health, overcoming hunger and malnutrition. In 

low-income group families the consumption is very low due to poor purchasing power, ignorance and other 

factors. Cultivation of these crops by gardening in a systemic manner in small piece of land available in 

household is called “nutritional gardening”. The Nutrition garden ensure access of healthy diet with 

adequate macro and micronutrients at doorsteps. 

The Recommended Dietary Allowances as per the expert committee of ICMR for a person by his daily diet 

should include at least 300-gram vegetables (green leafy vegetable -50 g, other vegetables 200g, roots and 

tubers 50 g) and 100 g fresh fruit. Pregnant women should consume 100g leafy vegetables daily. 

Home gardens once used to be cornerstone of traditional Indian farming system but over the time they 

have slowly begun to lose their importance. But now their importance is being recognized once again. Home 

gardens can be taken on many forms by a few plants in container to large garden plots. Beyond the reward 

of home grown produce, gardens provide an easy access to fresh and nutritious vegetable in addition to 

health, environmental and enjoyment advantages for the gardener. 

The main purpose of a nutrition garden is to provide the family with fresh vegetables rich in nutrients and 

energy. A scientifically laid out nutrition garden helps to meet the requirements of fruits and vegetables 

for a family all the year round.(Sheela et al,.1998) 

Nandlal and Mathur (2012) found that kitchen gardening is a low-cost sustainable approach for reducing 

malnutrition, increasing awareness of vegetable production, increasing working hours, and achieving food 

nutrition and economic security. 

Plan of a Nutri Garden 
The main objective of the lay out is the most economic utilisation of space. Cropping intensity should be 

maximum in nutrition garden. Fences, borders, and interspaces of perennial crops should be utilised for 

vegetable cultivation. A rectangular garden is preferable than a square garden. The plan will vary in size 

and shape according to the availability of space, soil, climate and selection of vegetable etc. It is better to 

have a small well-kept garden than a poorly managed large one. 
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Components of a Nutritional Garden 
1.Perennial crops: Perennial fruits and vegetables are located at one end of the garden so that they will 

not interfere with the intercultural operations of other crops and will not shade them. Usually grafts or 

dwarfs of fruit plants are preferred. 

2. Annual plots: In this plot annual vegetables are  cultivated .For continuous availability of the 

vegetables round the year crop rotation has to be followed in each plot which will reduce the pest and 

disease incidence also. 

3. Border: On the borders dwarf and bushy vegetables are grown. 

4. Fences: Fences can be made of bamboo, barbed wire to protect the crop from stray animals. Live fence 

can be done of plants like delichos beans, coccinea, winged beans. 

5. Bee hive: A bee hive is essential to ensure pollination   in cross pollinated vegetables especially 

cucurbits. 

Selection of crops: Select locally adaptable crops and varieties as far as possible. 

Cultivation Practices: Nursery raising, land preparation, manure application, sowing and planting, 

fertilizer application, irrigation, earthing up, weeding etc are major operation in vegetables. 

Table 1 Planting Chart for Kitchen Garden: 

Summer season Kharif season Rabi season 

Green Leafy Vegetable 

Amaranth Chawlai leaves Spinach 

Colocasia leaves Kulfa Radish  cabbage 

 Rajagira Lettuce 

Other vegetables 

Chilly Tomato Peas 

Cow pea Pumpkin Tinda 

Bottle gourd Ridge gourd Capsicum 

Brinjal Sponge gourd Cauliflower 

Lady’s finger Ash gourd Other beans 

Roots and Tubers 

  Potato 

  Beet root 

  Radish 

  Turnip 

  Carrot 

Summary 
Promotion of local plants is an appropriate strategy for increasing vegetable consumption in a particular 

region. Many local plants are anti oxidative, anti-mutagenicity and anti-inflammatory property. To 

increase dietary diversity there is an urgent need for inclusion of locally available fruits and vegetables 

like papaya guava, mango and green leafy vegetables  etc in daily diet. Hence every citizen has avital role 

in converting his surrounding vacant land into alive kitchen garden where location specific seasonal 

vegetables and fruits are grown. 
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Introduction 
Marketing mix consists of 4 Ps such as Product, Price, Place , Promotion . Among all,  Price is the most  

important and versatile element in the market which  generate revenue. Price and sales volume together 

decide the revenue of any business. It  is the amount of money charged for a good and service and also 

includes the  process of determining what a company will receive in exchange of its product. 

A low price isn’t always ideal, as the product might have increased number of sales but not turning any 

profit. Similarly, when a product has a high price, a retailer may see fewer sales and losing market 

positioning. If price of products  gives loss or  unsustainable profit margin, it will be challenging  to grow 

in market and difficult to face rivalry It is always preferable to follow the concept of economic of scale 

instead of diseconomies. There are other important factors that pricing needs to account in relation to your 

competitors and customers’ expectations, affordability. 

A pricing strategy takes into account of segments, ability to pay, market conditions, competitor actions, 

trade margins and input costs. It is targeted at the defined customers and against competitors. Price is one 

of the most important ways in which customers choose between different products and services, and 

knowing the optimum price that should charge to maximize sales and profits is key to beating the 

competition. 

Factors to be Considered while Setting a Price of a Product 
1. Internal factors: Company should  charge a price which covers the cost of the product and a fair rate 

of return. Thus, while fixing the prices, the firm must be able to recover both the variable and fixed costs. 

It also includes factors like image of the firm, product life cycle and credit period offered. 

2. External factors: These factors are called environmental factors. Nature of demand, competitors’ costs, 

price offers and government policy are very important factors to be considered while fixing prices. The 

relationship between price and demand should be analysed properly. 

Different Types of Pricing Strategies 
1. Cost-Based Pricing: It  is the practice of setting prices based on the cost of the goods or services being 

sold. A fixed profit percentage  is added to the cost of an item, which results in the price at which it will be 

sold. It does not consider factors like prices of substitute goods, nature of demand. 

a. Mark-up pricing: It ensure that costs are covered while providing a minimum acceptable rate 

of profit for the entrepreneur. The selling price of the product is fixed by adding a margin or profit 

to its cost price. Higher the value of product, larger is the mark-up and vice versa Example: The cost 

of a product is Rs. 200 and it is sold for Rs. 250, here the markup or profit will be 50%. 

b. Absorption cost pricing/full cost pricing: It deals on estimated unit cost of product at normal 

level of production and sales. The method uses standard costing techniques and works out variable 

and foxed costs. It involved in manufacturing, selling and administrations to product. Example: It 

includes production costs, selling and administrative costs and  markup. 

c. Target rate of return  pricing: Return on investment criteria of the firm is maintained in the 

process and used almost exclusively by market leaders or monopolists. Example:  If a company starts 

with  a rate of return objective, like 5% of invested capital, or 10% of sales revenue. Then it will 

arrange its price structure so as to achieve these target rates of return. 

d. Marginal cost pricing: It aims at maximising the contribution towards fixed costs. It includes 

all the direct variable costs of the product and also takes supply and demand aspects but these 

methods can be employed only in short run. It refers to the increase or decrease in the cost of 

producing one more unit or serving one more customer. Company often set prices close to marginal 
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cost during periods of poor sales. Example: An item has a marginal cost of $1.00 and a normal selling 

price is $2.00, the firm selling the item might wish to lower the price to $1.10 if demand has waned.  

2. Competition based  pricing: The prices are determined on the basis of conditions in the market. It is 

a pricing method that involves setting your prices in relation to the prices of your competitors.  

a. Premium pricing/market plus: The firm sets the price of the product  above the level of price 

of product fixed by their competitor’s firm or companies fix up a price which is more than the price 

of existing substitutes. Once your company enjoys brand loyalty and has a correspondingly strong 

customer base, you can afford to price at a premium, knowing you have an assured set of buyers 

.Example: Price of Luxury Brands 

b. Discount pricing/Market-minus:  The firm sets the price of the product   below  the level of 

price of product fixed by their competitor’s firm or  companies fix up a price  lower than the market 

price .Example:  Clothes   industry offers a 10-percent discount if you buy 3 pairs. 

c. Parity pricing /Price-in-line: The firm sets the price of the product   equal with the level of 

price of product fixed by their competitor’s firm  or  companies  fix up a price  nearly equal to the 

prices of close alternatives. Example: It generally happens with necessary goods where all 

companies charge equal price for the product. 

3. Skimming based Pricing: The firm charges the highest initial price that customers will pay and then 

lowers it over time. Example: Android’s mobiles, 3D printers. 

a. Rapid skimming strategy: Launch new product at a high price and a high promotion level. The 

high price helps to recover as much gross profit as possible. High promotion level helps to accelerate 

the rate of market penetration.  

b. Slow skimming strategy: Launch new product at a high price and with low promotion. The 

high price recovers costs. Low promotion keeps marketing expenses down.  

4. Penetration based pricing: It  is a product pricing strategy used by businesses to attract customers 

to a new product or service by offering a lower price during its initial offering. The lower price helps a new 

product or service penetrate the market and attract customers away from competitors. Example: Netflix 

a. Rapid penetration strategy: Launching the product at a low price with high promotion 

expenditure. The high promotion will increase awareness of product. 

b. Slow penetration strategy: Launching the product at a low price and with low promotion 

expenditure. The low price will encourage product acceptance. Low promotion expenditure will keep 

promotion costs low and help realize higher net profits. 

5. Psychological pricing: The retail prices are often expressed as just below numbers  that are just a 

little less than a round number, Example: wallet cost  Rs.399 or Rs.599. 

6. Economy Pricing: It’s a great strategy for companies that have low overhead costs and the ability to 

sell a larger number of products to new customers on a regular basis. Example: Many airlines will provide 

economy pricing to fill seats in their planes, offering much lower prices for the first seats that are purchased 

and scaling up the price as availability decreases. 

7. Promotional Pricing: It is a sales promotion strategy that can help a business penetrate their target 

market by temporarily discounting the price of a product. Example: BOGOF (Buy one get one free), Holiday 

sales. 

Objectives Seek in Pricing 
1. Profitability Objectives: It aims at maximizing profits by reducing costs, maintaining price while 

reducing package size, and profit optimisation in the long term. 

2. Volume Objectives:  It aims at achieving a particular sales volume to have minimum return on sales 

turns over. 

3. Pricing to meet competition: It involves various strategies for deep penetration of the product while 

entering new market. 

4. Prestige Objectives: It aims at establishing a relatively high price to develop and maintain an image 

of quality and exchanges. 
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Conclusion 
Certain pricing strategies work well with certain objectives, so it is necessary to consider all pros and cons 

while a setting a specific way of setting ideal price. A firm should always consider its supply and demand 

concepts. Setting the price of a products plays a are a vital role for our business success. Price of product 

should be according to affordability of customer in the market which ultimately can maximize sales volume 

and profit margin for the company. 
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Introduction: What are Pigments? 
1. It is defined as the set of compounds that have an intense colour and are used in the colouring of other 

materials.  

2. These colouring substances are also called as Biological Pigments /Biochromes, which mainly refers to 

the true pigments. 

3. These biological pigments are insoluble in water and can be  applied in solid form with the liquids as 

ground particles. 

4. Biological pigments can be finding in various types both in plants as well as animals. 

5. They are the substances produced by living organisms that have a colour resulting from selective colour 

absorption techniques. 

6. These pigments are responsible for many of the beautiful colours which we see in the plant world. 

Types of Pigments are Classified Based on their Sources 
1. Organic pigments: 

a. These pigments are made from some of the natural sources. 

b. It is used in the colouring of inks, paints, rubber and plastic products. 

2. Inorganic pigments: 

a. These are called as Synthetic pigments are derived from the coal tars and some of the other form 

of petrochemicals. 

b. Compounds obtained from inorganic metallic compounds and salts such as chromates, metallic 

oxides, sulphates etc. are used for inorganic pigments. 

Plants, flowers, algae, certain photosynthetic bacteria and even the skin of animals have a particular type 

of pigments, which absorb some wavelengths. 

Primary Function of Pigments in Plants 
1. Primary Function of pigments is Photosynthesis. 

2. Plants have a unique feature of capturing the light energy and convert it into sugars through the process 

called photosynthesis. 

3. The photosynthesis, which is a biological process require green coloured pigment called chlorophyll along 

with other forms of yellow and red coloured pigments. 

4. These pigments stimulate the process of chemical reactions by reflecting the wavelength. 

5. Other functions of pigments is attracting insects to flowers to encourage pollination. 

Chlorophyll 
1. It is one of the primary pigments found within the plant cells of all green plants. 

2. The green colouring of the plant leaves and the tender part of the stem is due to presence of a pigment 

called chlorophyll. 

3. The chlorophyll is the most significant and essential pigment, as it plays a vital role in the biological 

process of photosynthesis. 

4. It is a chlorin that absorbs blue and red wavelengths of light while reflecting a majority of green.  

5. Name derived from greek word which means Chloros means “green” and phyllon means “leaf”. 

6. Synthesized from succinyl-CoA and Glycine. 

7. The plants use to intercept light in order to fuel photosynthesis. 

There are different types of chlorophyll pigments which are classified mainly based on their structure, 

functions and other features: 
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a. Chlorophyll a– found in algae, cyanobacteria and in all higher plants. 

b. Chlorophyll b– found in green algae and in higher plants. 

c. Chlorophyll c– found in certain photosynthetic chromista and in some marine algae. 

d. Chlorophyll d– only in red algae. 

e. Chlorophyll e– only in algae. 

f. Among five chlorophyll pigments, Chlorophyll a and b are considered as primary photosynthetic 

pigments. 

Carotenoids 
1. Carotenoids are the pigments in the form of orange, red and yellow colours  

2. These compounds are insoluble in water  

Eg: Carotene (Found in Carrots). 

Lycopene (Red pigment in tomatoes). 

Xanthophylls 
1. Essentially oxidized carotenes 

2. Usually red and yellow 

3. Lutein (Yellow pigment found in fruits and vegetables): 

Carotene Xanthophyll 

Orange colour Yellow colour 

Hydrocarbon that does not contain oxygen atom in 

its structure 

The hydrocarbon that contains an oxygen atom in 

its structure 

Carotenoids: 

Present in: 

a. Lycopene, canthaxanthin, and astaxanthin share a similar structure to carotene. 

b. The red tones of tomatoes, guava, red grapefruit, papaya, rosehips, and watermelon contain 

lycopene. 

Xanthophylls: 

a. Lutein and zeaxanthin is present in green leafy vegetables and corn. 

b. β-cryptoxanthin is present in pumpkins, papayas, peppers, egg yolk. 

Role 
1. Attract pollinators and seed dispersers. 

2. Accessory photosynthetic pigment. 

3. It absorbs excess light energy. 

4. It plays an important role in antioxidant activity. 

5. Which promote a good eyesight in humans. 

6. Act as a substrate for hormones. 

7. It helps to protect against heart diseases and cancer. 

Flavonoids 
1. These are yellow plant pigments which are abundantly found in lemons, grapefruit, oranges, dark 

chocolates, strawberries, blueberries, walnuts, grapes, cabbages and yellow-coloured flowers.  

2.  This type of pigments is largely found in plastids and cytoplasm of the plant cell.  

3. Flavonoids are the chemicals which are rich in antioxidant properties and help in lowering the cholesterol 

levels. 

Other Applications 
1. They are extracted and utilized as dyes. 

2. These pigments such as lycopene and astaxanthin are used as a dietary supplement in most of the food 

products. 

3. The yellow colors of flavonoid pigments can be found in chalcones, aurones and flavonols. 
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Anthocyanins 
1. Literally “Flower blue” 

2. Water soluble flavanoid pigments 

3. They found naturally in all the tissues of the higher group of plants providing colour to the  stem, leaves, 

roots, fruits, and flowers, though not always in sufficient quantities to be noticeable 

4. Present in vegetables like onions, cabbage, cauliflower, potatoes, red, blue & purple berries and black 

beans  

5. Most visible in the petals of flowers of many species and partly responsible for the red and purple colors 

of some olives. 

The pigment appear as red, blue, purple other dark colours based on the pH of the soil. 

E.g.: Hydrangeas 
1. If the soil is acidic soil  (pH  5.5 or lower), flowers show blue colour. 

2. If the soil is  neutral to alkaline soils (pH 6.5 and higher), flowers show pink colour. 

3. If the soil is between pH 5.5 and 6.5- purple blooms (or a mix of blue and pink flowers on the same plant). 

Role of Anthocyanins 
1. It play an important role in the colours of ripening fruits. 

2. Attract pollinators and seed dispersers. 

3. It improve plant tolerance to stress such as drought, U V-B. 

4. It protect against heart diseases. 

Betalins 
1. It consists of red or yellow colour pigments. 

2. Like anthocyanins, they are water soluble pigments 

3. Synthesized from tyrosine 

4. Occur in beets (red and yellow ), spinach, Amaranth, fruit of prickly-pear cactus contain betalains 

5. Bougainvillea bracts get their color from betalains 

It consists of two sub-groups: 

a. The betalains in beets include betanin, isobetanin, probetanin, and neobetanin (the red to violet 

ones) are known collectively as betacyanin. 

b. Other pigments contained in beet are indicaxanthin and vulgaxanthins (yellow to orange) 

pigments known as betaxanthins. 

c. Betalains cause the crimson of Amaranthus flowers (class of Caryophylalles). 

Role of Betalins 
1. Like carotenoids and flavonoids, it plays an important role in attracting animals to flowers and fruits. 

2. It is commonly used as food colorants. 

3. It protect against heart disease, ulcers and liver damage. 

4. Anticancer, antioxidant, anti-inflammatory and antimicrobial make them able to play an important role 

in human health. 

Conclusion 
Life would be nothing without plants and plants would be nothing without colours. The  green plants having 

chlorophyll have a vital role in photosynthesis,  process necessary for life on earth. Red and yellow plants 

and flowers having carotenoids, xanthophyll or betalins provide fresh fruits, and help in pollination. Blue 

plants and flowers having anthocyanins are strong anti-oxidants. 
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Introduction 
Many fish larval stage cultures still rely on expensive live feed, such as rotifers and Artemia. The 

production of live feed can account for a large part of the operating costs of commercial hatcheries. 

The larvae of marine fish feed on living prey such as rotifers or Artemia nauplii in the early stages, and 

the larvae are weaned to artificial feed in the later stages of development. However, it is often found that 

the nutritional quality of these live feeds is not as good as that of natural prey.  

The microparticulate diet of larvae is usually in the range of 25 – 250-μm. The high surface-to-volume ratio 

of the micron-sized particles results in a high diffusion and exchange rate of nutrients and gases between 

the particles and the surrounding medium. 

One of the biggest challenges in designing artificial particles to deliver diets to fish larvae is to obtain a 

type of digestible particles that also retain water-soluble nutrients. In the early stages of development of 

many fish larvae, the lack of a complete digestive system indicates that the nutrients in the food particles 

must exist in an easily digestible form. 

Microparticle Types for Delivery of Diets to Fish Larvae 
1. Microgel or Microbound particles. 

2. Cross - linked protein walled capsules. 

3. Lipid - walled capsules and lipid spray beads. 

4. Liposomes- uni and multilamellar. 

5. Complex particles. 

Microgel or Microbound Particles 
The most common type of particles used in fish larval feeding experiments are micro-bound particles in 

which dietary ingredients are incorporated. The formation of micro-bound particles usually requires a 

mixture of activating or gelling ingredients and then drying. 

The micro-bound particles may be crushed particles or shaped particles. These are cheap and easy to 

produce. The binder can be nutritionally inert. It can provide high molecular weight protein, carbohydrates 

and water-insoluble nutrients. 

Cross - Linked Protein Walled Capsules 
The characteristics of the capsule wall can be modified. It is digestible to some of fish larvae. Capsules are 

prepared by first forming an emulsion of an aqueous protein solution and other dietary ingredients in an 

organic solvent. 

Then the crosslinking agent is added to form the wall. The permeability of the capsule wall depends on the 

choice of crosslinking agent. It can also provide high molecular weight protein, carbohydrates and water-

insoluble nutrients. 

Lipid - Walled Capsules and Lipid Spray Beads 
They are cheap and easy to produce. Compared with micro-bound particles and cross-linked protein wall 

capsules, low molecular weight water-soluble retention of nutrients is better. 

Lipid emulsions can be easily prepared by vigorously mixing lipids with emulsifier (eg. gelatin) solutions 

or gum arabic. The resulting emulsion can be directly fed to fish larvae. 
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Liposomes 
It can be single-layered or multi-layered. Compared with micro-binding particles and cross-linked protein 

wall capsules, LMWS has a better nutrient retention effect. The size can vary from less than 1 μm to more 

than 10 μm with high digestibility. The phospholipid wall material may help larval nutrition. Liposomes 

prepared with phospholipids containing unsaturated fatty acids are easy to oxidize and should be stored 

under conditions that reduce the loss of unsaturated lipids and unstable nutrients. 

Complex Particles 
These diets will consist of "encapsulated particles" (such as lipid-walled capsules) embedded in "carrier 

particles" (such as PARA, MEM or gel types).The inclusion particles will contain a concentrated solution of 

low-molecular-weight nutrients, which can be prevented from leaching out with a suitable coating. 

These inclusion particles need to be manufactured so that they can survive the process of being added to 

the carrier particles, but will be released in the larval intestines. The carrier particles will contain all 

proteins, lipids and other nutrients, and these proteins will become more and more important as the larval 

intestines develop. 

Microparticle type Advantages Disadvantages 

Microbound particles Inexpensive 

Easy to produce 

Binders can be nutritionally 

inert 

Poor retention of LMWS 

nutrients and possibly water - 

soluble proteins 

Cross – linked protein walled 

capsules 

Possible to modify capsule wall 

properties 

Digestible for some species of 

fish larvae 

Expensive 

Use of organic solvents 

Poor retention of LMWS 

nutrients 

Lipid - walled 

capsules and 

lipid spray beads 

Inexpensive 

Easy to produce 

Better retention of LMWS 

nutrients 

compared with microbound 

particles 

and cross - linked protein walled 

capsules 

Hard - lipid particles not 

digestible 

by most species of fi sh larvae 

and 

depends on mechanical 

breakdown 

Possible oxidation of 

unsaturated 

lipids during preparation and 

storage 

Liposomes Better retention of LMWS 

nutrients 

compared with microbound 

particles 

and cross - linked protein walled 

capsules 

Digestible 

Phospholipid wall material may 

contribute to larval nutrition 

Expensive 

Use of organic solvents 

Preparation involves several 

steps 

Possible oxidation of 

unsaturated 

lipids during preparation and 

storage 

LMWS = low - molecular - weight, water - soluble. 

Source- Microparticle types for delivering nutrients to marine fish larvae, C. Langdon(2003). 

Conclusion 
The main reasons for the lack of understanding are due to technical difficulties in delivering nutrients in 

the form of micron-sized particles, which are easy to digest and retain basic low-molecular-weight, water-

soluble nutrients. 

Compared with the leakage of larger-sized dietary particles used in the production of fish species and 

growth period, leakage loss and subsequent medium contamination is a more serious problem for the 

micron-sized particles required by many fish larvae. 
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The development and application of various microencapsulation technologies provide opportunities for the 

development of feed pellets, which can retain low molecular weight, water-soluble nutrients and provide 

them to fish larvae in a digestible form, possibly with other types of pellets available. 
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1. Holt, G. J. (2011). Larval fish nutrition. John Wiley & Sons.  

2. Langdon, C. (2003). Microparticle types for delivering nutrients to marine fish larvae. Aquaculture, 227(1-4), 259-275. 
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Introduction 
Bagging was initially started in Japan in the 20th century for pears and grapes and now has been practiced 

largely in the cultivation of apples, pears, peaches, grapes and loquats in Japan, Australia, China, and the 

United States (Buthelezi et al.,2020). About 45% of the horticulture produces losses due to biotic and biotic 

causes. Where large production volume is affected by fruit fly, among other pests. In mango 70 per cent 

and whereas in citrus about 40% yield loss has been reported due to fruit fly damage (Badii et al., 2015). 

There are various biotic (disease and pest infestation, and bird attacks etc), a biotic factor (Sun scalding, 

chilling injuries etc.) and mechanical damages affects fruit quality during developmental phase. These 

factors reduce commercial value of fruits and causes higher economical loss. 

The Bagging Approach 
Pre- harvest fruit bagging is the process of covering individual fruit with paper, plastic or cloth bags. 

Although it is a labour- intensive method but it is an environmentally friendly and sustainable fruit quality 

measure in recent days. It is also a most effective nonchemical alternative and substitute for pesticides 

(Liu et al., 2015). It is a safe and eco-friendly technique to protect fruits from multiple stresses, preserving 

or improving the overall quality (Ali et al., 2021). 

Materials Use for Bagging 
Type of bagging material has great influence on quality and physical appearances of fruits.  A bag 

recommended for one fruit may not be suitable for another fruit. Bag materials affect light transmission 

through the bags to the enclosed fruit and may affect fruit colour development (Santosh et al., 2017). The 

materials i.e., polyethylene, baking paper, kraft-type paper, micro perforated polypropylene and 

polypropylene, Nonwoven (spunbond) fabrics are commonly used for production of fruit bags. However, 

nonwoven polypropylene, transparent polypropylene with micro perforations plastic bags have been widely 

recommended for pre-harvest bagging compared with paper bags. In general plastic materials have ability 

to sustain in adverse weather and prevent rain or hail damages and achieve positive results by improving 

fruit quality. 

 
Fig. Different types of bagging materials use for fruit crops 
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Colure of Bagging Material 
Colure of bagging material is an important factor which influences physico-chemical, nutraceutical quality 

of fruits. Transparent bags absorb more light than translucent blue or green. However, blue bags especially 

in banana-producing regions are mostly used for fruit, because they transmit heat without causing sun 

scald due to their ability to block ultraviolet light. Bags that transmit ultraviolet and IR radiation improve 

the light and temperature conditions for fruit growth (Santosh et al., 2017). Bagging of fruits with brown 

paper bag was found to be the best in protecting mango fruits. However, white paper bag was found to be 

the most usefull for physical and chemical quality of guava. 

Advantages of Fruit Bagging 
1. It is cheap and environmentally friendly. 

2. Bagging protects fruits from pests, fungal infections, diseases, mechanical damage. 

3. Reduces spraying of insecticides and provides more exportable fruits per tree with attractive colour.  

4. It  helps to prevent fruit fly attack and fungal disease incidence especially in mango and guava.  

5. Certain bagging materials can be reused twice or thrice in season. 

6. It improves physical and biochemical properties of fruits. 

 

Points Consider While Bagging 
1. Either individual fruit, or fruit clusters or the whole tree can be bagged.  

2. Bagging of fruits can be rendered easy by pruning of big fruit trees.  

3. Manage tree canopy by adopting regular training and pruning so that fruits can easily be reached and 

bagged. 

4. Fruit sleeve made up of cloth material and open at both ends can be used to slide along a branch and to 

bag several fruits.  

5. Insect pollinated fruits should be bagged after fruit set.  

6. The bag should be opened and the fruit inserted inside 

7. The opened end of the bag should be tied with a piece of string or wire. 

8. Bags should be removed when fruits ripen. 

Conclusion 
Among various orchard management practices pre -harvest bagging is one of the most sustainable practices 

which is used for the production of export quality fruits. It is an environmentally friendly approach to 

improve the visual quality of fruit by promoting skin colouration and reducing blemishes. 
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Principles of Flower Arrangement 
Emphasis / focal point: 

a. Central portion of arrangement from where flowers and foliage appear to be emerging. 

b. Larger and brighter flowers or flowers with unique shape are suitable as focal points. 

c. Focal point draws attention of viewer. 

d. One focal point is enough for small arrangement while 3 or more focal points are important for a 

large one. 

Balance: 

a. A balanced arrangement has a distinct focal point. 

b. Balance may be symmetrical (geometrical) or asymmetrical. 

Scale / proportion: Achieved by scaling the flowers from the focal point i.e., the smallest buds are placed 

farthest from the focal point. 

Rhythm: 

a. Rhythm is achieved through colour and gradation (size) of flowers. 

b. The colour may be darkest at focal point and gradually lighter at the rims. 

Harmony and unity: 

a. Blending of all the components is called harmony. 

b. It is created when all the parts of the design blend together to form a single idea. 

c. It is created by repetition of the components in the arrangements. 

Elements of Design 
Line: 

a. Visual path in the arrangement. 

b. Line may be created by repetition of the similar flower colours, textures or shapes. 

Form: Flower and foliage add a visual quality that is important in developing, harmony, creating rhythm 

and establishing focal point. 

Texture: It refers to the surface qualities of the plant materials. 

Colour: Colour combination should be pleasing.                                                                

a. Primary colours: Yellow, red and blue. 

b. Secondary colours: Orange, green and violet. 

c. Tertiary colours: Red, orange and blue-green. 

Container selection: 

a. It is the foundation of a design. 

b. It is suitable for flower arrangement. 

c. It should be capable of holding water. 

d. It should be stable enough to support the weight. 

Flower Arrangement – Styles 
Basic differences between western and eastern styles of flower arrangement. 

Parameters Western styles Eastern styles 

Symmetry of arrangement Symmetrical arrangement Asymmetrical 
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Quantity of flowers / fillers More flowers to create mass of 

the vase 

Less flowers 

Rim of vase Plant materials may touch the 

rim of the vase 

Never touch the rim of the vase 

Accessories Accessories never used Branches, drift wood, pieces of 

bark, shells etc used 

Ikebana 
1. Ikebana is the Japanese art of flower arrangement. 

2. It’s also known as the ‘Eastern style of flower arrangement’. 

3. Ikebana is more than simply putting flowers in a container. 

4. It is disciplined art form in which the arrangement is a living thing in which nature and humanity are 

brought together. 

5. Ikebana = Ike + bana; Ike = to live; bana = flower; it signifies life and freshness. 

Ikebana Arrangement Represents Nature in the Following Way 
1. A single flower symbolizes nature. 

2. Bamboo symbolizes integrity since it does not bend. 

3. Evergreen pine represents the abode of deity. 

Western Flower Arrangement 
Basic principles: 

1. Characterized by mass of flowers and foliage. 

2. A balanced formal style which may be for front viewing or to be viewed from all sides. 

3. The flower arrangement can be a centre-piece on a table, placed on a window – sill, shelf, trolley; 

bookshelf or cupboard or may be hung on the wall. 

Types of Western Floral Arrangement 
Circular Arrangement: 

a. Designed to be viewed from all sides and makes an excellent centre piece for low table. 

b. It lacks focal point. 

c. Containers – low round containers or baskets. 

Triangular arrangement: 

a. Height and width of the arrangement are important criteria. 

b. Equilateral triangle – shaped arrangement – will be equally as tall as it will be wide. 

c. The tallest flower is placed exactly in the centre of the container. 

d. The two ‘skeleton’ flowers is placed at the front of the arrangement to form the focal point. 

e. A short – stemmed flower is placed at the front of the arrangement to form the focal point. 

f. The triangular arrangement is completed by filling in with the remaining flowers and foliage. 

g. Asymmetrical triangle – height and width of the arrangement will be altered. 

Radiating Arrangement: 

a. It has a fan – like outline. 

b. Line flowers or foliages are used to form the outline – gladiolus, snapdragons, flat fern and palm 

fronds are commonly used. 

c. The height of the arrangement is established first. 

d. The width of the design is determined by the placement of flowers at each side. 

e. The fan shape is created by placing flowers or foliages to give the rounded appearance. 

Crescent arrangement: 

a. The overall outline is crescent / half - moon shaped. 

b. The curved foliage is placed to the side (usually left of the centre). 

c. The focal point is located directly beneath this point at. 

d. The flowers used in this design will be smallest ate the point and largest at the centre of the 

interest of the arrangement. 
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Horizontal design: 

a. The horizontal design makes an excellent centrepiece because it is beautiful when viewed from 

either the front or the back. 

b. The height of the arrangement is reduced so that the horizontal length becomes 11/2 – 2 times 

the length of the container. 

c. This gives the arrangement the appearance of being nearly like an inverted crescent design. 

d. A focal point may then be established on each side to attract attention to the design. 

e. This style of arrangement may easily be used with candles should be low enough so they will not 

be burned as the candle is shortened by the flame. 

Hogarthian curve: 

a. The Hogarthian curve is a sophisticated asymmetrical design. 

b. It has the outline of an ‘S’. 

c. Tall stemmed raised containers are used for this design, because a portion of the floral lines 

extends below the rim of the container. 

d. The S shape is separated into two elements, with the upper curve consisting of two-thirds the 

height of the total design. 

e. The focal point is often depicted by a cluster of grapes gracefully dangling over the rim of the 

container. 
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Introduction 
An unprecedented growth and expansion have been experienced in the urban cities of the world with 

population rising from millions to billions within a span of 50 years. About 4.5 billion inhabitants that 

makes up 55% of the world’s population live in the city, which is expected to continue. Rapid urbanization 

will take most of the countries to the level where 7 out of 10 people live in urban areas by the year 2050. 

This rapid change however brings about many challenges with respect to lifestyle, infrastructure, basic 

services and jobs. There is a change of traditional occupation systems of villages shifting to non-agricultural 

activities as a result of reduced farm areas. There is also a demand of a sustainable food production system 

to meet the growing food requirement. However, the statistics on future growth of the world population 

from the United Nations Food and Agriculture Organization (FAO) stated that arable land per person is 

estimated to decrease to one-third of the amount available in 1970 by 2050 (FAO 2016). With this scenario, 

a new method of farming system needs to be incorporated to address the issue of sustainability and attain 

food security worldwide. 

Vertical Farming System 
A method to cater to the concerned issue taking into consideration limited space brought upon by 

urbanization is vertical farming. This concept has been around for a while now; however more recent 

technology has improvised the system to bring out the best method in enhancing food productivity with 

limited resources. 

The term ‘vertical farming’ refers to the system of growing crops in vertical layers in the available space 

under controlled environment for food and other purposes. It serves as a main solution to urban areas 

where land and space are limited and farming can be confined to the available space which may reach 

certain vertical height. It also focuses on achieving the commercial, ecological, and social goals through 

technological strategy. 
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Types of Vertical Farming System 
Vertical farms can be of different types, from a simple two-layer system to a high-rise multi-level system. 

The functioning is enabled by certain processes and systems that have been developed to facilitate the 

required inputs. Such systems are classified into three main types;  

1. Hydroponics: This is the predominant system used in vertical farms which involves growing of plants 

in a water based nutrient solution as a substitute to soil. The plant roots submerged in nutrient solution 

allows macro and micro-nutrients in the correct chemical composition which is continuously circulated 

throughout the system using water pump.  

Methodology: Hydroponic technique includes a net pots or plant support which contains nutrient 

rich medium like vermiculite, perlite, peat moss, coconut fiber, sand and rockwool which acts as a 

sterile substitute for soil. Air stones and air pumps are used aerate the tank as they disperse tiny 

bubbles of dissolved oxygen throughout the nutrient solution reservoir. Nutrients required by the 

plants are added through the solution and light requirements are provided through lighting 

systems. 

 

2. Aeroponics: NASA in 1990s had coined the term ‘aeroponics,’ to develop a way to grow plants in space. 

Thus, aeroponics refers to growing plants in an air or mist environment with very little water and no soil. 

This is the least adopted system but is gaining attention of late as it is the most efficient vertical farming 

sytem, using upto 90% less water. Plants grown in these aeroponic systems are healthier and more 

nutritious as they have been observed to uptake more vitamins and minerals. 

Methodology: In this type of system, plants are grown suspended in a closed or semi-closed mist 

environment and the roots are held in a soilless growing medium, such as coco coir, over which 

nutrient-laden water is periodically pumped. The roots dangle in the air and periodically misted by 

a specially designed device with a nutrient rich solution to get their nourishment. A timer is 

connected to the pump to spray the plant roots at required time intervals. The plants are also 

exposed to light on one end in the form of LED for photosynthesis. 

3. Aquaponics: Aquaponics combines aquaculture (raising fish or other aquatic animals in tanks) with 

hydroponics. In this sytsem, the nutrient rich aquaculture water is fed to hydroponic grown plant as a 

natural fertilizer, involving nitrifying bacteria for converting ammonia into nitrates. The plants then in 

turn help to purify the water for the fish. Aquaponics is thus a co-dependent system for production of fresh 

vegetables and fishes all year round. 

 



 

 
Volume 3 - Issue 6 - June 2021       420 | P a g e  
 

Methodology: The system includes fish production unit consisting of a rearing tank for raising and 

feeding fish and a biofilter, where nitrification bacteria grow and converts ammonia into nitrates, 

which are usable by the plants. The nutrient rich waste water from the fish production unit is 

pumped to a hydroponic setup to supply nutrients to plants and also to clean it after which it is 

pumped back to the fish unit. 

Advantages of Vertical Farming System 
1. Vertical farming technology ensures consistent crop production. 

2. The systems are very sustainable and eco-friendly compared to traditional soil-based farming. 

3. Optimal utilization of available space due to the possibility of stacking growth system. 

4. It results in higher productivity as it does not depend on the season, water, space, area, sunlight, and 

several other external factors for bulk produce. 

5. The cost for handling, transportation and labor can be greatly reduced as water is recycled in most 

systems. 

6. Hydroponic growing techniques used in vertical farms make it more efficient as it uses about 70% less 

water than normal agriculture. 

7. Nutrient delivery and uptake by the plants are found to be very efficient which enhances the growth 

resulting in better quality and higher yield. 

Disadvantages of Vertical Farming System 
1. The system requires high startup cost and design complex processes which could be challenging for a 

person with no relevant familiarity. 

2. Vertical farming is dependent on a range of technologies for managing the controlled environment which 

could incur losses on intermittent energy supply.  

3. Pollination by insects can be limited to some extend in vertical farming as it is mostly executed in closed 

or semi-closed environment. 

Conclusion 
Vertical farming in urban area is no longer a new phenomenon, as new technologies and innovations have 

reached its capacity of increasing the efficiency and productivity of our farming systems. The replacement 

of the typical horizontal farming to vertical farming enables production of more crops with less space, which 

in turn in a way to address both the issue of population increase and reduction in available land resources. 

This will help in saving natural resources whilst producing quality crops ultimately increasing efficiency. 

The range of adoption of vertical farming in the future is uncertain however, innovative start-ups around 

the world have established great models for inferences. These systems of production could build an 

agriculture system ready to tackle the instances brought upon by urbanization and cater to the needs of 

the society. 
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Introduction 
The term pesticide covers an extensive range of compounds including insecticides, fungicides, herbicides, 

rodenticides, molluscicides, nematicides, plant growth regulators and others. The pesticide consumption in 

India was 57000 M.T. (Tech. Grade) during the period 2016-17. India’s pesticides consumption per hectare 

is 0.6 Kg compared to US (5-7 Kg/ha) and Japan (11-12 Kg/ha). In India, paddy accounts for the maximum 

share of pesticide consumption around 26 to 28 per cent followed by cotton 18 to 20 per cent Maharashtra 

is the highest pesticides consuming state [13496 M.T. (Tech. Grade)] followed by Uttar Pradesh [10142 

M.T. (Tech. Grade)]. At present, in India nearly 282 pesticides are registered with legal application. 

Various Impacts of Pesticide Usage in Agriculture 
Direct impact on humans: Pesticides mainly used to increase production of food and control of vector-

borne diseases, and then their effects have resulted in serious health implications to man and his 

environment. The worldwide deaths and chronic diseases due to pesticide poisoning number about one 

million per year. OC compounds could pollute the tissues of virtually every life form on the earth, the air, 

the lakes and the oceans, the fishes that live in them and the birds that feed on the fishes.  Various 

pesticides (malathion, methyl parathion, DDT and lindane) in industrial settings of the unorganized sector 

revealed a high occurrence of generalized symptoms (headache, nausea, vomiting, fatigue, irritation of skin 

and eyes) besides psychological, neurological, cardiorespiratory and gastrointestinal symptoms coupled 

with low plasma activity. 

Effect through food commodities: Different chemicals may be already present in raw food at the 

beginning of food processing due to environmental contamination. Some studies detected pesticide residues 

in fruits and vegetables and also some derivatives with also adverse effects, such as metabolites from 

organochlorine pesticides have been found in fatty food. Because fruit and vegetables are treated indirectly 

with plant protection products and are mainly eaten unprocessed, they are the main source of pesticide 

residue intake for humans. It is very important to monitor such contaminants in food and to assess if they 

pose a risk to human health. 

Surface and ground water contamination: Many pesticides not readily degraded and moved freely 

with water percolating downward through the soil, the likelihood of it reaching ground water is relatively 

high. Some carbamate pesticides including aldicarb, carbofuran, and oxamyl these compounds tend to be 

soluble in water and weakly adsorbed to soil. Consequently, if not degraded in the upper soil layers, they 

have a tendency to migrate to groundwater. Some studies show that pesticides can reach water-bearing 

aquifers below ground from applications onto crop fields, seepage of contaminated surface water, accidental 

spills and leaks, improper disposal, and even through injection waste material into wells. 

Effect on soil fertility: Total microbial populations in soils (e.g., cellulose decomposers) of 

microorganisms may be greatly affected. Pesticide concentration greater than those resulting from field 

applications can cause interruption of microbial activities. The effects of pesticides on crop residue 

decomposition, nutrient cycling, and root symbionts are disturbed. Risk assessment of pesticides is 

therefore necessary, but should take into account the specific application.  

Effect on non-target organism: In addition to killing insect "pests," insecticides obviously have the 

potential to harm non-target insects such as beneficial natural predators and pollinators. One study found 

that exposure to freshly dried Roundup (glyphosate) killed over 50 per cent of two species of beneficial 

insects: a parasitoid wasp and lacewing. Over 80 per cent of a fourth species, a predatory beetle (Ladybird 
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beetle) was killed. Moderate doses of the herbicide 2,4-D severely impaired honeybee brood production. The 

herbicide oxadiazon is also toxic to bees, which are pollinators. Herbicides may hurt insects or spiders 

indirectly as well, such as when they destroy the foliage that these animals need for food and shelter. For 

example, spider and carabid beetle populations declined when 2,4-D applications destroyed their natural 

habitat.  Some pesticides such as DDT, are "lipophilic", meaning that they are soluble in, and accumulate 

in, fatty tissue such as edible fish tissue and human fatty tissue. 

Conclusion 
The excess consumption of pesticides contributes in the accumulation of pesticide residues in food grains 

and vegetables associated with variety of human health hazards, including disruption of the immune 

system. The impact of pesticide residues can also cause effects to soil micro-organism, beneficial insects 

(predators, parasitoids and productive insects), and due to excess application responsible for leaching 

losses, which results in ground water contamination. The preventive measures such as rational use of 

pesticides, washing and proper processing of food products, practicing organic farming, use of natural 

pesticides and bio-pesticides, and strict implementation and amendment of pesticide-related laws helpful 

in reducing the load of pesticide usage in environment to protect the health of the consumer. 
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Abstract 
In Bihar, about 40 % cane area is covered with ratoon crop. The average productivity of cane is lower due 

to lower ratoon yield as compared to plant.  This is mainly due to poor adoption of ratoon management 

technology by the farmers. The adoption of improved production technology by the farmers will be helpful 

in the enhancing the ratoon yield and thus, 20-25% increase in average productivity. The ratoon I is 

common practice and ratoon II will further increase the yield and minimize the cost of sugarcane production 

system. The cost of cultivation of ratoon crop is about 30% lower than plant crop. There is a considerable 

scope to enhance the livelihood of small and marginal farmers engaged in sugarcane cultivation by adopting 

improved sugarcane production technology, introduction of inter crops and production of the quality 

jaggery. The introduction of intercropping in sugarcane-based ratoon crops generate mid-season income to 

the resource poor farmers of the state. Being ratoon crops matured early in the season with capacity to 

produce considerable amount of quality jaggery, which further generate employment and additional 

income. 

Introduction 
Sugarcane is an important cash crop in Bihar. It is most efficient living convertor of solar energy, storing 

this energy in a huge quantity of biomass in the form of fibre and sugars. In India, it is cultivated in an 

area of about 5.0 million hectares with an average productivity of 74.4 tonnes per hectare. In Bihar, it is 

cultivated in an area of about 3.0 lakh hectares with an average productivity of 67.1 tonnes per hectare. 

Unpredictable climatic aberrations, poor germination, improper cultivation practices, water logging, poor 

ratoon management, poor seed quality, inadequate irrigation and drainage facility, negligence in plant 

protection measures, imbalance nutrient management and other practices like mono-cropping often 

resulted in low productivity of sugarcane in Bihar. The addition of organic amendments was found 

beneficial for improving the soil fertility and enhancing the cane and sugar yield in calcareous soil of Bihar 

(Priyadarshi et al. 2021). The poor yield of ratoon is the major reasons for low productivity of sugarcane in 

Bihar because about 40% area under sugarcane came out of ratoon only. Ratoon plays a very important 

role in economizing the cost of sugarcane production, through saving in the cost of preparatory cultivation, 

seed material and planting expenses. Planting once and harvesting thrice has been considered a profitable 

venture in sugarcane culture. 

Scope of Ratooning 
Ratoon plays a very important role in economizing the cost of sugarcane production, through saving in the 

cost of preparatory cultivation, seed material and planting expenses. The cost of cultivation of ratoon crop 

is about 30% lower than plant crop. The sugar factory starts crushing of cane from beginning of November 

and continues up to availability of cane. The optimum time duration of harvesting plant crop for the 

purpose of ratooning has been found from 15th January to 15th March in Bihar conditions. This is not 

possible by majority of farmers due to receipt of harvest order on long intervals. The crop suffers due to 

early or late harvest as the sprouting of subterranean buds is solely depends upon atmospheric 

temperature, soil moisture condition and vigor of plant crop. During the coldest month of December and 

January the average maximum temperature varied between 230-250C and that of average minimum 

temperature 9-100C. In summer months of April and May soil moisture condition deteriorates due to rise 

in temperature associated with westerly winds leading to poor sprouting of buds, tillering and number of 
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millabe canes and ultimately lower ratoon productivity. Beyond that the most important reason behind 

poor yield of ratoon in state is poor adoption of recommended package of practices by the farmers. 

Yield Gap 
Agriculture is undergoing several transformative changes viz., growing population, changing lifestyles, 

expanding urbanization and climate changes, creating new challenges for agricultural research and 

development. 

Sugarcane being a heavy feeder and long duration crop suffers from persistent nutrient unbalance due to 

gap between nutrient removal and application. The depleting soil health and crop productivity in the 

sugarcane cultivating area of sub-tropical states namely Uttar Pradesh. Punjab, Haryana, Uttarakhand 

and Bihar are a major concern because of reduced yields, clearly visualized from the static average 

productivity hovering close to 60 t ha-1 in last five years compared to its potential yield of 150 t ha-1 

(Srivastava et al., 2014). 

Several elite varieties of sugarcane have been developed from Sugarcane Research Institute, Pusa with a 

potential of producing cane yield of about 90-100 t ha-1. The poor yield of sugarcane in state is mainly due 

to lack of application of organic nutrient sources, unbalanced use of chemical fertilizer and poor ratoon 

management. 

Need 
1. Multi ratoon technology need to be demonstrate and  popularize  in the farmer’s field. 

2. Popularization of soil health card, INM, IPM and IDM for sustaining sugarcane production and 

sustaining soil health. 

3. Adoption of inter cropping to improve livelihood of farmers by generating short term income  and 

additional income by quality jaggery  production. 

Technology Interventions 
There is urgent  need for adoption of proper  ratoon management practices like selection of variety, method 

and time of harvesting, stubble shaving, off baring, gap filling, fertilizer application, water management, 

mulching etc. and also taking intercrops for enhancing ratoon yield and mid-season income. 

Sugarcane Production Technology 
Popularization of Ratoon Management Device, Introduction of minor field implements for stubble shaving, 

Adoption of INM technology with emphasis on organic manure and bio- fertilizer, Adoption of suitable 

intercrops in project areas in plant and ratoon crop, Gap filling by poly bag/bud chip raised settlings. 

Adoption of soil health card for nutrient management, Popularization of low cost vermicompost unit, 

Popularization of bio-fertilizer , Adoption of IPM with emphasis on pheromone traps and tricho cards, 

Adoption of IDM techniques with emphasis on seed treatment, bio-control agent and disease resistant 

variety. 

Quality Jaggery Production 
The ratoon crop is suitable for early production of quality jaggery and value added  different jaggery 

products such as Chunks, Chocolate and Bricks shaped Jaggery for improving livelihood of sugarcane 

growers. 

Quality Jaggery Products 
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Conclusion 
Sugarcane is an important commercial cash crop of Bihar but its productivity is low in Bihar as compared 

to many other sugarcane growing states of India. Ratoon crop is an integral part of sugarcane cultivation 

and occupies about half of the total cane area in state. Improper management of ratoon crop is one of the 

major causes of lower cane productivity. Therefore, technology for multi ratooning system with intercrops 

need to be popularise at farmer’s field  to enhance of farmer’s income by improving total cane productivity. 
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Introduction 
Soil borne pathogens cause significant economic losses in agricultural production all over the world. The 

major soil borne diseases caused by Rhizoctonia spp., Fusarium spp., Verticillium spp., Sclerotinia spp., 

Pythium spp., and Phytophthora spp. affect number of important crops, including paddy, cotton, sugarcane, 

banana, vegetables and spice crops from their initial stages to until harvest. 

The symptoms of soil borne disease include root rot, wilting, yellowing, stunting or seedling damping-off, 

dieback. These are difficult to control because pathogens survive for long periods in the absence of the 

normal crop host, often have a wide plant host range including weeds, chemical control often does not work 

well, is not practical or is too expensive and it is difficult to develop resistant varieties of crop. 

Integrated plant disease management involving coordinated use of multiple tactics including: crop rotation, 

steam soil disinfection, soil amendments, soil solarization, grafting, biological control and use of natural 

compounds, and chemical control for optimizing the control of soil borne disease in an ecologically and 

economically. (Ganie et al., 2013). 

Soil Borne Pathogens 
Pathogens which persist (survive) in the soil matrix and in residues on the soil surface and cause diseases 

to the crop are known as soil borne pathogens. 

Soil Borne Diseases 
Diseases which caused by the soil borne pathogen are known as soil borne diseases.  

Common Soil Borne Fungal Pathogen: Rhizoctonia sp., Fusarium sp., Phytophthora sp., Pythium sp., 

Sclerotium sp. 

Common Soil Borne Bacterial and Nematode Pathogen: Xanthomonas sp., Pseudomonas sp., Root 

knot nematode. 

Factors Affecting the Activity of Soil-Borne Pathogens 
Abiotic Factors: Soil temperature, Soil moisture, Percent organic matter present in soil, Cropping pattern 

Soil pH and soil structure, Effect of host plant nutrient and Agricultural implements. 

Biotic Factors: 

a. Autoecology of pathogens: 

i. Inoculum sources, survival and dissemination pathways   

ii. Relationship between inoculum density and disease severity.              

iii. Mechanisms of infection. 

iv. Genetic variability.  

v. Diagnosis and detection methods. 

b. Interactions between microorganisms, organisms and pathogens. 

c. Interactions between plants and pathogens. 
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Integrated Disease Management 
Integrated plant disease management can be defined as a decision-based process involving coordinated use 

of multiple tactics for optimizing the control of pathogen in an ecologically and economically.  

The implications are:  

a. Simultaneous management of multiple pathogens.  

b. Regular monitoring of pathogen effects, and their natural enemies and antagonists as well. 

c. Use of economic or treatment thresholds when applying chemicals. 

d. Integrated use of multiple, suppressive tactics. 

Different Methods of Integrated Disease Management 
Cultural Methods: 

a. Resistant variety 

b. Crop rotation 

c. Remove and destroy infected plants  

d. Mechanical removal of residues,  

e. Controlling alternate hosts (weeds, volunteer plants), roguing (removing diseased plants from 

host populations), pruning. 

f. Movement of people/machinery should also be limited.  

g. Tillage practices. 

h. Flooding. 

i. Earthing up. 

Physical Methods: 

a. Soil solarization: Inactivates (kills) many soil-borne pathogens (Pythium, Verticillium, 

Rhizoctonia, Fusarium etc.) and nematodes in small areas like nurseries near the soil surface. 

b. Hot water treatment of propagative organ: 

i. Red rot of sugarcane- 54 °C for 8 hrs. 

ii. Bacterial blight of cotton- 56 °C 10 min.  

c. Soil Sterilization: 

i. Steam Sterilization - Steam is passed through perforated pipes at a depth of 15 cm to 

sterilize the upper layers of soil. It is mostly practiced under glass house and green house 

conditions.  

ii. Hot air Sterilization - Hot air is also passed through pipelines to sterilize the soils in the 

nursery areas. 

Biological Control 
Biological control is the reduction of inoculum density or disease producing activities of a pathogen or 

parasite in its active or dormant state by one or more organism accomplished naturally or through 

manipulation of the environment, host or antagonist or by mass introduction of one or more antagonist. 

Methods of Application 
1. Seed treatment- 10g/kg seeds. 

2. Soil treatment- 2.5kg with 50kg well-rotted FYM at 15 days incubated for one hectare.  

3. Seedling treatment- 10g /liter water and dip the seedling for 10 minutes before planting. 

4. Nursery treatment- 10-25g/100 sq. m of nursery bed. 

Conclusion 
For the control of soil borne diseases the most effective methods are cultural, biological, and physical 

management practices are promising techniques to reduces the soil borne diseases but, it possesses limited 

scope when apply as single. 

Hence, Integrated disease management (IDM) strategies proved to be best for the management of these 

diseases together and reduce the problems of health hazards and environmental pollution. 
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The integrated application of soil solarization, bio-agents (T. viride, T. harzianum, Bacillus subtilis, 

Pseudononas fluorescens, Paecilomyces lilacinus etc.); botanicals (Naffatia and neem extract ); fertilizers 

and organics (Neem seed cake, Pongamia glabra, NPK, PSB); green leaf manures like Eucalyptus citriopra 

etc.); fungicides (carbendazim, vitavax, pyraclostrobin, hexaconazole etc.) and bactericide (streptocycline, 

plantomycin) by the different methods like seed treatment, soil application, seedling dip and drenching not 

only manage the soil borne diseases but also enhance growth and production of crops. 
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8(3): 4318-4325. 
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Introduction 
Protected Cultivation: Protected cultivation can be defined as a cropping technique where in the micro 

environment surrounding the plant body is controlled partially / fully as per plant need during their period 

of growth to maximize the yield and resource saving. 

Why Protected Cultivation? 
In the changing scenario of increasing population, decreasing cultivable land / water resources, increasing 

urbanization/industrialization there is need to produce more from available resources. Further, with 

globalization of markets and global climate change, greenhouse cultivation of high value crops has emerged 

as the only top most important technology for ensuring high productivity, improved quality, lucrative 

return and continue supply. 

There is different type of protected structure: 

1. Poly house. 

a. Low cost or natural ventilated polyhouses. 

b. Medium cost or Partial climate-controlled polyhouses. 

c. High cost or Fully controlled polyhouses. 

2. Glass house. 

3. Net house. 

4. Plastic low tunnel. 

Suitability of Potential Crops Under Different Structure in India 
1. Modified naturally ventilated: Tomato and cherry tomato Bell pepper (green and coloured). 

2. Plastic low tunnel: Cucurbits. 

3. Insect-proof net house: Solanaceous crops and okra. 

4. Shade net houses: Fenugreek and coriander Early cauliflower. 

Benefits of Greenhouse Technology 
1. Higher yield. 

2. Cultivation is possible under extreme climatic condition. 

3. Easier plant protection. 

4. Production of healthy planting material. 

5. Production of high value, low volume vegetable crops. 

6. Generate self-employment for the educated rural youth in the farm sector. 

Limitation of Protected Cultivation 
1. Standardization of greenhouse and other structure design for different agro-climatic region of the country 

are still require improvement. 

2. Expensive, short life and not easy availability of cladding materials. 

3. Lack of appropriate tools and machinery. 

4. Structure cost initially looks unaffordable. 

5. Farmer with zero risk affordability do not come forward to adopt it. 

6. Require trained labour. 

7. Initial cost is very high. 
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Special Horticultural Practices 
1. Soil sterilization: It provide quick relief to the soils, from substances and organisms, which harmful to 

plants such as; bacteria, viruses, fungi, nematodes. 

2. Mulching: Mulching is done to cover the soil around plants with a protective material, which may be 

organic or synthetic. It reduces evaporation of water from the soil, prevents compaction of the soil surface. 

It prevents the leaching of fertilizer. It suppresses the weed growth. 

Different type of mulching materials: 

a. Organic mulch (Leaves, Saw dust, etc.). 

b. Inorganic mulch: 

i. Transparent polyethylene film:  It raise the soil temperature and suppression of latent 

heat loss through evaporation. 

ii. Black polyethylene film: It gives effective weed control by cutting down solar radiation 

by more than 90%. 

iii. Silver polyethylene film: It suppress the increase in soil temperature and to control 

pests and diseases. 

3. Training & pruning:  

a. Training: Allowing plant to grow over different structure and grooming/trimming them in 

respect to give them the specific shape and structure So that they can bear the heavy load of the 

fruits and produce quality harvest  

b. Objective: to remove excess growth, force plant to give desired/certain shape, minimized direct 

contact with the soil, maximum use of resources, to carried out easy intercultural operation 

c. Methods of training: Single stem training in tomato: Single main stem should be trained in the 

tomato crop by removing all side shoots or suckers. Plants are supported by plastic twine, loosely 

anchored on the base of the plants with the help of plastic clips. 

d. Two leader system of training in capsicum: The main stem is allowed to grow vertically 

along the supporting string up to the overhead wire. The Side shoots are pinched after one or two 

pairs of leaves, generally one fruit is kept per side shoot. 

e. Four-leader system of training in capsicum: In this system of training four main shoots are 

maintained as a leader after topping. Side shoots are pinched after one or two pairs of leaves, 

generally one fruit is kept per side shoot. 

f. ‘V’-System: The main stem is allowed to grow along supporting string and the growing point is 

removed at the 6th leaf stage. The two emerging lateral branches are trained into ‘V’ shape on the 

overhead wire. 

g. Umbrella system: The main stem is allowed to grow vertically along the supporting string up 

to the overhead wire. The apical bud is removed and two healthy branches at top of wire allowed to 

grow along the wire for about 15 cm and trained to downward. 

h. Single stem system: The main stem is allowed to grow vertically along the supporting string 

toward the overhead wire. When plant reaches the overhead wire, whole vine is lowered and trained 

to move downward. 

i. Pruning: Pruning is the removal of excess or undesirable/unproductive branches or any other 

parts of plant to obtain good and qualitative yield. 

j. Objective of pruning: 

i. To remove the non-productive parts in order to divert the energy into those parts that is 

capable of bearing fruits.  

ii. Maintain the proper proportion of root: shoot ratio.  

iii. Better quality of fruits by better light penetration. 

4. Topping: The growing point and small fruit clusters at the top of the plant are removed this operation 

is called topping. It is carried out for rapid fruit development and improving size of already-set fruit in the 

lower part of the plant and to avoid sunburn the shoots are left to grow at the top. 

5. De leafing: It consists of removing of old leaves with poor photosynthetic activity from the strata. When 

leaves of vines touch the ground are removed to prevent disease development. It accelerates fruit coloration 

and maturation by improving light condition. 
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6. Pollination: In the green-house, wind is not strong enough to shake the flower sufficiently to transfer 

the pollen. The optimum temperature for pollination is within the range 21 to 270C and optimum relative 

humidity is 70%. 

Different Methods are Used for Effective Pollination and Good Quality Yield 
1. Hand pollination: In this method paint brush is gently rubbed on flower cluster. 

2. Battery operated vibrator: Greenhouse tomato grower should use an electric pollinator to ensure good 

fruit set. 

3. Air blower: It take half time to pollinate the same number of plants compared to electric vibrator. 

4. Bumble bees: Bumble bees are excellent pollinator for greenhouse tomato. Each bee can pollinate up to 

350 flowers. 

Plant Growth Regulators 
Plant growth regulators helps for Induction of flowering, increase fruit set, earliness and parthenocarpy, 

good fruit size and yield. 

Conclusion 
Among all, the horticultural practices like as training, pruning, mulching, plant growth regulators and 

pollination effective for achieving higher growth, yield and quality of vegetable crops under protected 

condition. 
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Introduction 
Chickpea (Cicer arietinum L.) is one of the major legume pulse crops and it is majorly grown in India and 

other semi-arid regions of the world.  It belongs to the family Fabaceae, subfamily Faboideae. Chickpea is 

a self-pollinating diploid crop with chromosome number (2n=16) and a genome consisting of 740 Mbp. It is 

documented to have originated in south-eastern Turkey from where it has spread to other countries of the 

world. It was first grown in turkey around 7,500 B. C. Chickpea is a hardy, deep-rooted, dryland crop sown 

on marginal lands which can grow to full maturity in conditions that would be unsuitable for most crops. 

It is major grain legume crop containing rich protein in their seeds which is used for human consumption 

and it also helps to maintain the soil fertility by its nitrogen fixing capability. Chickpea seeds are of two 

types among them desi type is brown to black in coloured with a rough surface whereas, seeds of kabuli 

type are light coloured having smooth surface. The roots are having central strong tap root with numerous 

lateral root branches that are spread out in all directions in the upper layers of the soil. It is cultivated in 

different regions of North India viz., Punjab, Uttar Pradesh, Haryana and parts of central and south India. 

It is the world’s second most important food legume next to common bean. Asia accounts 89.20 per cent of 

the chickpea area and 84.47 per cent of production. The major chickpea producing countries, which 

contribute to about (90%) of the global chickpea production, include India (71.95%), Australia (6.21%), 

Pakistan (4.58%), Turkey (3.28%), Myanmar (2.91%) and Iran (4.09%) (Anonymous, 2017). 

Among the major pulse crops, chickpea contributes nearly 32.6 per cent and 40.5 per cent of total pulse 

area and total pulse production, respectively. In India, chickpea is cultivated in an area of about 8.32million 

ha with a production of 9.8metrictone and 925 kg/ha productivity (FAOSTAT, 2013-14). In India majorly, 

Madhya Pradesh, Chhattisgarh, Rajasthan, Maharashtra, Uttar Pradesh, Andhra Pradesh and Karnataka 

together contribute 95.71 per cent of production and 90 per cent of area in the country. In Gujrat it is grown 

in an area of Gujarat 2.95lakh ha with an annual production of 3.62 lakh tones and productivity of 639kg/ha 

(Anonymous, 2018).  

Chickpea cultivation is prone to significant yield losses due to insects and diseases ranging from 5 to 10% 

in temperate and 50 to 100%in tropical regions (Van Emden et al., 1988). The chickpea crop was reported 

to be attacked by nearly 172 pathogens (67 fungi, 22 viruses, 3 bacteria, 80 nematodes and 1 mycoplasma) 

from all over the world (Nene et al., 1996). However, only a few have the potential in devastating the crop. 

Some of the serious diseases in chickpea are of dry and wet root rot [Rhizoctonia bataticola, (Taub.) Butler], 

wilt [Fusarium oxysporum f. sp. ciceri, (Padwick) Snyd. & Hans.] ascochyta blight [Ascocthya rabiei, (Pass.) 

Labr.] and collar rot (Sclerotium rolfsii Sacc.).  

Among the diseases of chickpea, dry root rot has an emerging the most destructive and constraint to 

chickpea productivity and production, as the disease is more prevalent during hot temperature of 30 to 

35°C and low soil moisture conditions (Taya et al., 1988; Pande and Sharma, 2010). R. bataticola is a soil-

inhabiting pathogen and capable of infecting chickpea at any crop stage, but most commonly infects 

chickpea at post-reproductive stage in dry and warm regions (Sharma and Pande, 2013). 

Symptoms 
The dry root rot disease, symptoms are most commonly observed in chickpea during post-flowering stage 

which include, drooping and chlorosis of petioles and leaflets, initially confined to top leaves of the plant. 

Leaves and stems of affected plants are usually straw coloured and, in some cases, the lower leaves and 

stems are brown. The tap root turns black with signs of rotting and is devoid of most of the lateral and finer 
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roots. The dead roots are quite brittle and show shredding of the bark. The tip of the root is easily broken 

leaving the lower portion of the tap root in the soil when plants are uprooted. Dark, minute sclerotial bodies 

can be seen on the roots exposed and inner side of the bark or when split open at the collar region vertically 

(Sharma, 2016). 

 
 

Initial symptom of infected Rotting of root system 

 

 
Infected chickpea plant Shredding of root bark 

Symptoms of root rot of chickpea 

Etiology Causal Organism 
Rhizoctonia bataticola (Taub) Butler [Pycnidial stage – Macrophomina phaseolina Tassi) Goid]. 

Epidemiology 
The disease is more prevalent during hot temperature of 30 to 35°C and low soil moisture conditions. 

Management 
Use of disease resistant varieties. 

Seed treatment with Trichoderma harzianum @ 10g/kg seed shows cent per cent control of root rot of 

chickpea.  

seed treatment with carbendazim @ 2g/kg was effective in control. 
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Introduction 
Agriculture has been visualizing continuous revolutions since its inception. From the stage of gathering 

food to present day precision farming, agriculture has witnessed ample of changes. Every change or 

revolution has significantly contributed to welfare of humankind. Green revolution, which had begun in 

early 1960s, had a remarkable impact in this field, it has doubled the production of country in very short 

span. Immediate impact of green revolution is mainly ascertained to HYV’s and fertilizers. In the recent 

years, decrease in the fertilizer response ratio was noticed (13.4 kg/kg nutrient in 1970 to 3.4 kg/kg nutrient 

in 2010) leading to increased cost of cultivation, which is not a desirable thing in developing countries like 

India where 80 per cent of farmers are small and marginal. 

Nano-technology is a novel, innovative, interdisciplinary scientific approach that involves designing, 

development and application of materials and devices at molecular level in nanometre scale i.e., 1 to 100 

nm, a billionth of metre. In the early 21st century (2001), nano-technology has stepped in the field of 

agriculture though it is common in other departments, even before. With a potential to revolutionize the 

agriculture sector, developed countries started giving importance to research in the field of nano-

technology, which resulted in the increase in number of publications in reputed journals across the world. 

As the world started realising the potential of nano-technology there was a tremendous increase in use of 

nano products. 

From tillage to silage, nano-technology got wide applications in the field of agriculture and has marked its 

importance at every stage. Major areas with its application are nanofertilizers, nanoherbicides, 

nanopesticides, carbon nanotubes, nanobiosensors etc. 

Improvement of Input Resource Use Efficiency by Nano-Technological Products in 

Agriculture 
Mei-yanwu (2013) observed that on incorporation of nano-carbon into slow-release nitrogen fertilizer 

decreased runoff losses significantly by 38.4 per cent compared with normal fertilizer. And ratio of saving 

nitrogen of per 1 kg rice grain was increased by 10.1 per cent for treatment with nanocarbon compared to 

regular fertilizer. 

Subramanian and Tarafdar (2011) revealed that nitrogen-use efficiency from nanofertilizer was 82 per cent 

and the conventional fertilizer (urea) registered only 42 per centindicating that nano fertilizer has a net 

higher nitrogen-use efficiency of 40 per cent, which is hardly achievable in the conventional system. 

Subramanian and Rahale (2009) stated that nanofertilizers are capable of releasing nutrients, especially 

NO3-N in more than 50 days while nutrient release from conventional fertilizer ceased to exist beyond 10-

12 days.   

Mariya et. al., (2009) noted that there was significant increase in the germination percentage (90% in 20 

days) compared to control (72% in 20 days) in tomato when treated with carbon nanotubes (CNTs) (10-40 

µg/ml) this is because CNTs are able to penetrate the thick seed coat and support water uptake inside 

seeds. 

Prospects 
1. Developed nations have to do lot of research so that developing nations can use the fruits of research. 

Since developing or under developed nations cannot afford to spend on such new technologies. 
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2. Development of regulations and policies is still not done in many countries, which has to be done to use 

the benefits of technology. 

3. Rapid testing technologies and biosensors in pest & disease diagnosis may lead to greater reduction in 

crop losses. 

4. Nano particles as photocatalyst for wastewater treatment, bioremediation etc., needs greater adoption. 

Constraints 
1. Long gestation periods & cost of equipment pose challenge for sustained funding for nanotechnology 

research and commercialization efforts. 

2. Scale of operations in agriculture pose a different set of challenges when compared to nanotechnology 

applications in other industries. 

3. Challenges in technology transfer to industry - lack of adequate infrastructure capabilities for 

prototyping, scale up, characterization of nanomaterials, toxicity and safety assessment. 

4. Corporate and venture capitalist’s investments in nanotechnology in agriculture are still very nascent. 

Conclusion 
Nano-technology is one of the very recent technologies that entered the field of agriculture, which has the 

potential to increase resource use efficiency and improve productivity of crops to meet the challenges posed 

by ever-increasing population. Since there is not enough research done on safety issues there is a lot of 

chance to debate on its usefulness and health risk. 
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Definitions of Yield 
Despite the rich general literature on measures of yield and yield progress, these terms have often been 

loosely used. crop yield, farm yield (FY), potential yield (PY), record and contest-winning yields, water-

limited potential yield (PYw), theoretical yield, attainable yield and yield gap. 

Crop Yield 
Crop yield (agricultural output) refers to both the measure of the yield of a crop per unit area of land 

cultivation, and the seed generation of the plant itself (e.g., if five grains are harvested for each grain 

seeded, the resulting yield is 1:5). 

Farm Yield 
Farm yield (actual yield) is the economic yield attained at harvest under standard production conditions. 

Interaction of the following factors results in farm yield:  

1. Genetic yield potential.  

2. Abiotic stress (edaphic, weather elements & aberrant weather condition).  

3. Management practices (agronomical practices).  

4. Biotic stress (Insect, Disease & Pest). 

Biological Yield or Gross Yield 
Biological yield or gross yield refers to the total yield. It  is the yield obtained before any losses occur during 

and after harvest. 

Economic Yield 
The quantity that the farmer can use after post-harvest losses that may occur during cleaning, threshing, 

winnowing, and drying have been taken into account is called Economic yield. 

Potential Yield (PY) 
Potential yield (PY) is the absolute capacity of a crop/genotype to produce economic yield under optimum 

production conditions. When we consider potential yield, the product of the yield components is expressed 

at the maximum possible for the genotype and production environment. 

Theoretical Yield (TY) 
Theoretical yield (TY) if certain physiological processes could be altered favourably within realistic bounds: 

such yields are here called ‘theoretical yields.’ 

Attainable Yield (AY) 
Attainable yield (AY) it is the yield attained by a farmer from average natural resources when economically 

optimal practices and levels of inputs have been adopted while facing the vagaries of weather. 

Yield Gap 
Yield gap because of the uncertainties surrounding attainable yield, it is easier to discuss the yield gap in 

terms of that between FY and PY, bearing in mind that even in the most advanced cropping situations in 



 

 
Volume 3 - Issue 6 - June 2021       438 | P a g e  
 

developed economies operating at close to world prices, FY will remain significantly below PY because of 

farm economic considerations surrounding attainable yield.  

Photosynthesis and respiration by their physiological aspects  have demonstrated in sorting out the 

regulation and function of various components. When there are inefficiencies in systems and the 

inefficiencies are identified, they could represent legitimate targets where genetic manipulation can be 

done. Properties of some enzymes like rubisco, alternative oxidase, and  physiological  process like 

photorespiration   already loom as opportunities for genetic manipulation. However, we are yet uncertain 

about their utilities.  For important gains in photosynthetic productivity of crops serious reinvestigation of 

foliage canopies  are going on which offers promised positive results, in which importance of strong 

advantages of erect leaves in dense canopies and minimum interception by emergent reproductive 

structures was demonstrated in the  first cycle of such research, which begun over 50 years ago. Those 

properties are now credited with contributing to yield progress in maize.   

Plant production is driven by photosynthesis. Key elements in the system are:  

a. The interception of photosynthetically active radiation (PAR, 400-700 nm spectral band), can also 

be measured in units of mega joules per square metre per day (MJ/m2 /d). 

b. Use of that energy in the reduction of CO2 and other substrates (photosynthesis). 

c. Incorporation of assimilates into new plant structures (biosynthesis and growth). 

d. Maintenance of plant as living unit.  

Achieving high yield is conceptually simple: 

a. Maximize the extent and duration of radiation interception. 

b. Use captured energy in efficient photosynthesis. 

c. Partition new assimilates in ways that provide optimal proportions of leaf, stem, root, and 

reproductive structures; and maintain those at minimum cost.  

Crop yield comprises only a portion of biomass that accumulates over a crop cycle. For better yield effective 

root and canopy systems must be established before onset of reproductive phase. If vegetative biomass 

accumulates during the reproductive season the cost of maintenance also increases. Because crops are at 

mercy of spatial and temporal variations in weather, plant spacing, supplies of water and nutrients, and 

in occurrence of pests and disease. Therefore, acclimation of physiological systems and flexibility in 

morphogenesis is a key requirement for achieving high and stable performance. Whether biological 

efficiency of these processes has, or might be, improved through breeding are important questions. 

Factors Affecting of Crop Production 
1. Internal factors - Genetic factors: The increase in crop yields and other desirable characters are 

related to Genetic make-up of plants.  

a. High yielding ability. 

b. Early maturity.  

c. Resistance to lodging.  

d. Drought flood and salinity tolerance. 

e. Tolerance to insect pests and diseases. 

f. Chemical composition of grains (oil content, protein content ). 

g. Quality of grains (fineness, coarseness). 

h. Quality of straw (sweetness, juiciness). 

2. External factors: 

a. Climatic.      

b. Edaphic.      

c. Biotic. 

d. Physiographic. 

e. Socio-economic. 
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The term heritability was coined by Lush (1948). Heritability can be defined in a number of ways viz. 

mathematically, statistically and genetically. Heritability expresses the genetic part of phenotypic 

Variances. Heritability may be defined as “the superiority of the parents which is on an average 

transmitted to their offspring is known as heritability. 

Heritability is a statistic used in the fields of breeding and genetics that estimates the degree of variation 

in a phenotypic trait in a population that is due to genetic variation between individuals in that population. 

Heritability, amount of phenotypic (observable) variation in a population that is attributable to individual 

genetic differences. Heritabilitry, in a general sense, is the ratio of variation due to differences between 

genotypes to the total phenotypic variation for a character or trait in a population. 

The concept typically is applied in behavior genetics and quantitative genetics, where heritability estimates 

are calculated by using either correlation and regression methods or analysis of variance (ANOVA) 

methods. 

It is denoted by h2 and Heritability estimates ranged between 0 to 1. 

Mathematically Heritability can be Defined in Two Ways 
1. Heritability in Broad Sense: It is the ratio of genotypic variance to the Phenotypic variance. 

                    VG 

  h2
(BS)  = 

                    VP     

Where, VP = VG +VE  

 

2. Heritability in Narrow Sense: It is the ratio of additive genetic variance to the phenotypic variance. 

                   VA 

  h2
(NS) = 

                               VP  

          VP = Phenotypic variance or Total variance = VG + VE  

          VG  = Genotypic variance = VA + VD + VI 

          VA = Additive genetic variance 

          VD & VI= Non additive genetic variance 

          VD = Dominance variance 

          VI = Epistasis variance 

          VE = Error variance 

Statically, “The heritability is the regression of the breeding value on phenotypic value” 

           h2 = bAP 

Concept of Heritability 
Heritability estimate indicates the proportion of the variability in the traits due to genetic factor.  

1. High heritability means large portion of the total variation (VP) is caused by genes and traits having 

high h2 can be improved through selection. 

2. Low heritability means large portion of the total variation is due to environmental factors (such as 

feeding, housing and health care etc.). 
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Methods of h2 Estimation 
h2 can be estimated from the following methods. 

1. Regression of offspring on one parent (i.e., regression of daughter on dam). 

2. Regression of offspring on mid parents. 

3. Half sibs’ method (Intra class correlation between half sibs). 

4. Full sibs’ method (Intra class correlation between full sibs). 

Regression of Offspring (Daughter) on One Parent (Dam) 
Cov (OP)      ½VA 

         bop  =                   =             = ½ h2 

                         Var (P)         VP 

             h2 = 2. bOP  

       Estimation:-                                         

                                                              ∑X . ∑Y 

                                                ∑XY -  

                          Cov (OP)                             N 

              bOP =                   =                                   = bXY 

                            V(P)                          (∑Y)2 

                                                  ∑Y2 –  

                                                                N 

           N = No. of dam – daughter pair 

           X is daughter’s observations 

           Y is dam’s observations 

The h2 in males, for example, is estimated from the regression of sons on fathers, and regression of 

daughters on fathers. Similarly, the h2 in females is estimated from regression of daughters on mother and 

of sons on mothers. 

Regression of Offspring on Mid Parents 
                          Cov (OP)          VA                      
              bOP =                   =            = h2                                 
                           Var(P)             VP     

h2 is the regression on offspring on means value of both parents. 

Half Sib Method or Paternal Half Sib Correlation Method 
This method is also known as Intra Class correlation between paternal half sibs. The half sibs are of two 

types viz. paternal and maternal (Paternal half sibs are the progeny of each sire from different dams).  

This method is used when a number of females (dams) are mated to a number of sires and each dam 

produces one offspring. The observation (Phenotypic value) on a progeny (Y ij) of ith sire and jth dam is taken 

as: Yij = u + Si + eij 

Full Sibs Method or Intra Class Correlation Between Full Sibs 
(Progenies of the same parents are called full sibs) This method is used in species with larger full sib 

families like pigs, poultry, mice and goat. 

Statistical model used for full sibs analysis is- 

Yijk = µ + Si + Dij + eijk  

Whereas,  

                  Yijk is the phenotypic value of kth progeny of ith sire and jth dam. 

                   i = No. of sires (1,2,……..n) 

                   j = No. of dams (1,2,……..n) mated to ith sires 

                   k = No. of progeny from jth dam mated to ith sire. 
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Conclusion 
Heritability is the most useful genetic parameter for predicting the possibility and amount of the genetic 

improvement in the population as a result of selection, and deciding the proper selection and mating 

systems.  

References 
Lush J.L., (1948). The Genetics of Populations. College of Agriculture, Iowa Agriculture and Home Economics Experiment Station, 

Ames, Iowa.  

  



 

 
Volume 3 - Issue 6 - June 2021       442 | P a g e  
 

Organic Farming : Key of Sustainable Agriculture 
Article ID: 11153 

Aakash Sunaratiya¹, Rupali P. Kapgate2 

¹Jawaharlal Nehru Krishi Vishwavidyalaya, Krishi Nagar, Adhartal, Jabalpur, Madhya Pradesh 482004. 

²Dr. Panjabrao Deshmukh Krishi Vidyapeeth, P.O. Krishi Nagar, Akola, Maharashtra 444104. 

 
 

Summary 
The role of organic agriculture, whether in farming, processing, distribution or consumption is to sustain 

and enhance the health of ecosystem and organisms of soil to human beings. In particular organic farming 

is intended to produce high quality, nutritious food that contributes to maintenance of human health. Many 

countries are now focusing on organic farming because of healthy crops, fruits, vegetables that are produced 

purely by organic means, free from any harmful Chemical Fertilizers and Pesticides and Eco- Friendly. 

Introduction 
The term ‘organic farming’ was first coined by Northbourne, in 1940, in his book entitled ‘Look to the Land’. 

Organic farming is an eco- friendly technique, which originates due to the adverse effect of chemical 

farming. Organic farming is the best possible relationship between mankind and earth. It is a universal 

production management system which stimulates and magnifies agro ecosystem health that includes 

biodiversity, biological cycle and soil biological activity. This is practiced by using, where ever possible, 

agronomic, biological and mechanical methods instead of using synthetic materials to fulfil any precise 

function within the system. Organic farming is another way to overcome the problems of sustainability, 

global warming and food security. The worldwide growth of Organic farming is comparatively very slow. It 

is an easy way to be in touch with nature. 

Definitions 
Suggested by FAO “Organic agriculture is a unique production management system which promotes and 

enhances agro-ecosystem health, including biodiversity, biological cycles and soil biological activity, and 

this is accomplished by using on-farm agronomic, biological and mechanical methods in exclusion of all 

synthetic off-farm inputs”. 

Suggested by USDA “organic farming is a system which avoids or largely excludes the use of synthetic 

inputs (such as fertilizers, pesticides, hormones, feed additives etc) and to the maximum extent feasible 

rely upon crop rotations, crop residues, animal manures, off-farm organic waste, mineral grade rock 

additives and biological system of nutrient mobilization and plant protection”.(USDA Study Team). 

History of Organic Farming 
1. The British botanist Sir Albert Howard is often referred to as the father of modern organic agriculture. 

From 1905 to 1924, he worked as an agricultural adviser in Pusa, Bengal, where he documented traditional 

Indian farming practices and came to regard them as superior to his conventional agriculture science. 

2. The term organic farming was coined by Lord Northbourne in his book Look to the Land (written in 1939, 

published 1940). From his conception of "the farm as organism," he described a holistic, ecologically 

balanced approach to farming. 

3. In 1939, influenced by Sir Albert Howard's work, Lady Eve Balfour launched the Haughley Experiment 

on farmland in England. It was the first scientific, side-by-side comparison of organic and conventional 

farming. Four years later, she published The Living Soil, based on the initial findings of the Haughley 

Experiment. Widely read, it led to the formation of a key international organic advocacy group, the Soil 

Association. 

4. During the 1950s, sustainable agriculture was a topic of scientific interest, but research tended to 

concentrate on developing the new chemical approaches. In the US, J.I. Rodale began to popularize the 

term and methods of organic growing, particularly to consumers through promotion of organic gardening. 
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5. In 1962, Rachel Carson, a prominent scientist and naturalist, published Silent Spring, chronicling the 

effects of DDT and other pesticides on the environment. A bestseller in many countries, including the US, 

and widely read around the world, Silent Spring is widely considered as being a key factor in the US 

government's 1972 banning of DDT. The book and its author are often credited with launching the 

worldwide environmental movement. 

6. In the 1970s, global movements concerned with pollution and the environment increased their focus on 

organic farming. As the distinction between organic and conventional food became clearer, one goal of the 

organic movement was to encourage consumption of locally grown food, which was promoted through 

slogans like "Know Your Farmer, Know Your Food". 

Need of Organic Farming 
Organic farming helps to provide long-term benefits to people as well as the environment. Other 

environmental advantages of organic farming include supporting local food markets, increased biodiversity, 

improved soil quality and reduced pesticide pollution and packaging waste, and water usage (Ziesemer 

2007). Besides its potential to alleviate poverty and economic gains, organic farming proves to be valuable 

in a number of ways. Some of its benefits are listed below. The rate at which the knowledge of organic 

farming is spreading in India is very slow. Farmers here are unaware of this technique; they prefer 

conventional farming over organic farming because conventional farming gives product early, easily by 

using harmful chemical fertilizers and pesticides. For this some events should be organized through which 

the knowledge of Organic farming and its advantages can reach the farmers.  

Pillars of Organic Farming 
The organic standards, market network, technology packages, and certification/regulatory mechanism are 

the four pillars of organic farming (Deshmukh 2010). 

Components of Pure Organic Farming 
The components of pure organic farming are: 

1. Make use of only organic planting for farming. 

2. No dependence on artificial inputs. 

3. Feeding soil, but not the crop plants. 

4. Implementing food safety practices, i.e., never using GM crops or products. 

5. Documentation of not only the end product but also the entire procedure and distribution chain, i.e., the 

process and not the produce is to be certified. The certification should keep in view the export. 

6. Use of artificial growth promoter and enhancers should be prohibited, even the use of organic fertilizers 

particularly those having some mutants; cow dung from intensive dairy farms using antibiotics, oil cakes, 

and bone meal should be strictly restricted (Deshmukh 2010). 

Benefits of Organic Farming 
There are various benefits of organic farming: 

1. It increases diversity, long term soil fertility, high food quality, reduced pest and diseases and also stable 

production of crops.  

2. It also reduces pollution, dependence on non-renewable resources, negligible soil erosion and also 

provides protection to wild life and increase compatibility of crop production with environment. 

3. Organic farming also affects society, for example; provide better health and education, and strengthen 

the community. It also reduces rural migration and increase gender equality, gives many chances to 

entrepreneurs and provides employment with good quality work.  

4. Organic farming also gives healthy food, nature and environment. It encourages farmers, entrepreneurs 

or other ordinary people to take initiative for organic farming and also consume organic products. 

5. It also affects the economy of country. 

6. Increase the efficacy of nutrient uptake. 

Conclusion 
Organic farming can provide quality food without adversely affecting the soil’s health and the environment. 

There is need to identify suitable crops/products on regional basis for organic production that has 
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international market demands.The whole region as such cannot afford to go for organic at a time because 

of its commitments to insure food and nutritional security. This will provide ample opportunity for 

employment and bring prosperity and peace in the region. 
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Summary 
Climate change has a significant impact on crop production, including soil microorganisms such as plant 

parasitic nematodes. It affects the geographical distribution and physiology of plant parasitic nematodes, 

resulting in an expansion of the range of distribution and invasion of new hosts by the nematodes, which 

will have significant impact on crop yield over time. Biology of plant parasitic nematodes is influenced by 

the extremities of temperature, moisture and CO2, which would result in the longer lifecycle or a shorter 

generation time, with a greater spatial spread to newly colonized areas. As a result, it is essential to 

determine the effect of climate change on nematodes to establish the effective management strategies. The 

effect of climate change on nematodes was the subject of this chapter, as well as the management practices 

to minimize the nematode shift due to climate change. 

Effect of Climate Change on Soil Nematodes 
Plant parasitic nematodes are the most common and abundant group of microorganisms on earth. They 

play a major role in devasting crop production by directly penetrating into the plant roots. Increase in 

temperature and Co2 in the environment has a tremendous effect on nematodes, by directly interfering 

with their growth and indirectly by altering plant physiology. Nematode growth is usually slower in cooler 

soil temperatures, while warmer soil temperatures hasten their development, resulting in more 

generations per season and hence more infestation in crops (eg. R. similis in banana) (Roy and 

Rathod,2015). It has been recorded that 1.5-2°C rise in temperature had a nonlinear effect on eggs and 

juveniles of nematodes. Increased Co2 levels as a result of global warming alter the composition of plant 

litter in the soil, which has an indirect impact on the nematode population. The response of nematodes to 

change in Co2 levels varies depending on the trophic groups of nematodes (Runion et al., 1994). 

Changes in water regimes significantly alter nematode survival and parasitism. Presence of thin film of 

water in the soil is often needed for the respiration and movement of nematodes. Presence of more moisture 

in the soil due to floods decreases oxygen level in the soil, which has a negative impact on nematode 

population and make them to undergo quiescence stage or death due to asphyxiation. Some nematodes, on 

the other hand, have been reported to thrive well in such conditions (eg. Hirschmanniella spp. in flooded 

rice field). Extreme rainfall in some situations result in loss of agricultural lands due to increased intensity 

of floods, droughts or erosions, all of which can affect the length of nematode progeny and parasitism. 

Increase in rainfall may induce changes in the selection of cultivated crops that may enhance the incidence 

of nematodes, by changing their species composition or even increase the prevalence of natural antagonists 

of nematodes. Droughts, on the other hand, adversely affect the nematode survival (Kardol et al.,2010). 

Increased water stress due to climate change reduces plant vigor and alters C:N ratios, which lowers the 

plant resistance to nematodes. Modification in the physical properties and water retention capacity of soil 

also affect the nematodes responses to the changes of hydrologic cycle (Wessolek and Asseng,2006). 

Ozone is another significant factor that reduces the ability of nematodes to reproduce. Synergistic 

interactions between ozone / SO2 and Meloidogyne incognita have been recorded to increase the foliar 

damage in tomato plants. At the concentration of 50 and 100 ppb, reduced egg  production of M. incognita 

has been reported (Khan and Khan, 1997). 

Plant parasitic nematodes have been found to be influenced by soil pH, a significant parameter that 

influences the availability of essential nutrients. The pH range of 5.0-7.5 has been identified as the most 

efficient for nematode distribution. Plant parasitic nematodes such as cereal cyst nematode, H. avenae, and 
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citrus nematode, T. semipenetrans, have been found to have a positive association with population density 

at this pH range. 

Modelling Strategies to Assess Nematodes 
Researches on impact of climate change on soil nematodes were limited. To critically assess the impact of 

climate change on soil nematodes, more long-term studies under different cropping systems, especially in 

tropical regions, are required. This awareness is important for designing effective nematode mitigation 

strategies.  

Climate change cause alterations in the spatial and temporal distributions of nematodes and control 

methods will need to be altered accordingly. Because of variations in temperature and precipitation, 

nematicides, the primary source of nematode management, may have a different persistence in the soil, 

which may alter their effectiveness towards nematodes. In general, organophosphosphate and carbamate 

nematicides require moderate temperature (25-30°C) and moisture for the effective control of plant 

parasitic nematodes. However, higher temperature and moisture due to climate change comparatively 

reduce toxicity of the chemicals, resulting in an increased incidence of plant parasitic nematodes. Under 

this circumstances, non-chemical nematode managements play a significant role to mitigate the nematode 

incidence. 

In general, simulation models can help with an insight into the potential outcome of climate change. 

However, their sensitivity should be tested with real scenarios to ensure their accuracy and precision 

(Kickert et al., 1999). Simulation models for nematodes should take into account daily mean temperature 

changes, since longer time is needed for the completion of eggs, juveniles, and adult stages of nematodes. 

A model for carrot cyst nematode, Heterodera carotae has been developed at Manfredonia, Italy by 

correlating the daily mean temperatures with the nematode life cycle (Barney and Bird, 1992). Gaussian 

function was used to determine the relationship between daily egg production rate and temperature, by 

taking into account of difference between daily mean value and the ideal temperature for egg release, while 

the rate of juvenile development  was calculated using the relationship between temperature and length of 

juvenile stages. Identification of adaptive boundaries by nematodes is an important factor to be considered 

while developing simulation models for nematodes, as they serve as the basis for future expansions and 

colonization of new areas, following the isothermal shifts.  

Changes occur in the distribution of insects, due to their movements to higher altitudes or latitudes, in 

response to higher temperatures that allow the species to overcome the natural barriers, thus allowing 

them to colonize new geographic regions from which it was previously excluded. This factor is of major 

concern for insect pests vectoring nematodes (Monochamus sp.) which act as the vector for pine wilt 

nematode, Bursaphelenchus spp. and provide way for the potential spread of nematode into newer areas 

(Walther et al., 2002). 

Probability distribution maps (PDM), a map created by combining the use of local records of pest 

occurrence, climate data and subsequent statistical analysis allows the identification of potential risks 

related to the distribution of insect pests and nematodes (Morales and Jones, 2004). This tool has number 

of functional benefits, including their ability to predict  resurgence of epidemics for secondary infection and 

early detection of pest invasion areas. 

Conclusion 
Climate change would have a dynamic impact on plant parasitic nematodes, which will have either positive 

or negative consequences depending on the nematode species, plants and the geography. This chapter 

provided a good picture of how nematodes react to climate change in terms of development and physiology. 

Studies using predicted climate change models to forecast possible changes in the survival and distribution 

of plant parasitic nematodes offer an idea of the future scenario of nematode prevalence in different crops.  

Possible effects of climatic changes and the integration of a global climate model with local, specific sub-

models, will lead to a suitable solution to combat nematodes. Here, knowledge-based prevention plays an 

important role, which includes the consideration of minor species that may become insurgent and novel 

pests due to change in climatic scenario. As a result, novel methods will be needed to mitigate the effects 

of climate variability on nematodes.  
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Besides, understanding the molecular mechanisms underlying nematode survival in extreme environments 

may also open up new avenues for developing innovative strategies to overcome the effects of global 

warming as well. 
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Seed pelleting means covering of seed by a layer of material that obscures the original shape and size of 

seed resulting in substantial weight increase and improved planting ability or singulation. Seed pelleting 

provides an opportunity to package effective quantities of materials such as organic and inorganic 

nutrients, pesticides, water absorbents, carrier for nodule bacteria and other protective materials for 

specific purposes. Pelleting of seeds with chemical and botanical as filler materials in place of commonly 

used materials like charcoal, sawdust, sand and lime etc. should be cost effective, non-toxic and 

environment friendly. 

Disadvantages of Other Method of Fertilizer Application 
1. Nutrients cannot be fully utilized by plant roots. 

2. The weed growth is stimulated all over the field. 

3. Nutrients are fixed in the soil as they come in contact with a large mass of soil. 

4. Leaching of nutrients. 

To overcome this disadvantages seed pelleting can be effectively used. 

Why Pelleting is Important? 
Seed pelleting is the process of enclosing a seed with a small quantity of inert material just large enough 

to produce a globular unit of standard size to facilitate precision planting (Fig.1). The inert material creates 

natural water holding media and provides small amount of nutrients to young seedlings. Seed pelleting 

also serves as mechanism of applying needed materials in such a way that they affect the seed or soil at 

the seed soil interface. The main objective of seed pelleting is precision sowing with added advantages of 

better establishment and increased productivity. 

 
Fig 1 :Change of shape due to pelleting compared to coating 

The term "pelleted seeds" refers to the seeds that are coated, tableted, or taped. Working definitions have 

been developed in the seed industry for several seed coating technologies. Pelleting is defined as the 

deposition of a layer of inert materials that may obscure the original shape and size of the seed, resulting 

in a substantial weight increase (Fig.1) and improved plantability; while film coating retains the shape and 

the general size of the raw seed with a minimal weight gain (Butler, 1993). The coating should result in a 

more or less continuous coating, which eliminates or minimizes product dust-off. Both the methods may 

contain polymers, pesticides, biological materials, colourants or dyes and other additives. 
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The three basic coating systems now practiced elsewhere are pellets, tablets and tapes. Burgesser (1950) 

differentiated between pellets and coated seeds as follows: The term 'coated seed' refers to a single seed 

coated with an inert material, primarily to increase its size to facilitate planting. Pelleted seeds are a 

mixture of seed and an inert material formed into pellets, usually by molding one or more seeds by some 

mechanical means Seed tablet, also called wafer, is much larger than a coated seed but still contains only 

a single seed. A tablet may consist of two halves of a tablet glued together or a single unit with the seed 

embedded in the middle. The tablets are resulted from the process of compression of the material, usually 

vermiculite or charcoal. 

The third system of coating involving the manufacture of seed tape that is a water-soluble plastic tape or 

a strip of paper with seeds located at specific intervals. Seeds are evenly spaced on the tape, which may 

then be folded over the seeds and bonded. When the tape is planted, the seeds are automatically spaced at 

the desired intervals. 

What Kind of Seeds are Pelleted? 
1. Seeds of various sizes are commercially pelleted, from relatively large seeds like onion and tomato to 

very small seeds like lettuce species.  

2. For onion, the seed can increase in weight 6-fold due to pelleting; there are approximately 230 raw seeds 

per gram, and after pelleting the diameter may be of a 0.54cm. 

3. The volume for 1000 propagules is 3.7 cm³ for raw seed compared to 18.0 cm³ after pelleting. 

4. The smallest seed that Seed Dynamics pellets is Begonia. Medium  seed weight for raw begonia is 88,000 

seeds per gram. 

5. After pelleting, the seed count can average 857 seeds per gram, an increased mass of over 100-fold. 

Steps in Pelleting 
The three basic steps involved in pelleting are stated as stamping, coating and rolling. The materials 

needed for pelleting are seed, adhesive and filler materials. Initially the seeds are uniformly coated with 

adhesive in correct quantity. Then the filler materials are sprinkled on the coated seeds and are rolled on 

the filler material for effective and uniform coating (Fig.2). 

 

 
Fig.3. Steps in seed pelleting 
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Conclusion 
1. Seed Pelleting directly enhances seedling emergence, survival and growth  

2. The pelleted seed registered maximum germination, shoot and root length, vigour index, dry matter 

production and field emergence. 

3. Seed pelleting provides the early nutrition of crops and reduces fertilizer load. 
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Introduction 
Cotton (Gossypium spp.) is designated as “white gold” and “king of fibres” among all the fibre crops. The 

genus (Gossypium spp.) has approximately 53 species, out of which only 4 species were cultivated for 

spinnnable fibre. The cultivated species are grouped according to their level of ploidy: 

1. Diploids (AA) (2n = 2x = 26): Gossypium herbaceum L. and Gossypium arboreum L.; are collectively called 

as Old World, Asiatic and A-genome cottons, indigenous to Asia and Africa and are popularly referred to 

as desi cottons in India. 

2. Tetraploids (AADD) (2n = 4x = 52): Gossypium barbadense L. and Gossypium hirsutum L.  are collectively 

called as New World, American and D-genome cottons. 

Three cultivated species of Gossypium viz., hirsutum, arboreum and herbaceum are commercially grown 

for contributing to the cottons of trade and industrial consumption. The fourth species G. barbadense which 

includes the highest quality of fibre with extra-long staple and used as a parent in many of the hybrid 

cottons, which is a significant feature of Indian cotton. Of these four cultivated species, Gossypium 

hirsutum and G. barbadense accounted for more than 95% of world cotton production (Zhang et al., 2008). 

Out of the total cotton  production Gossypium hirsutum, widely known as upland cotton or American or 

Mexican or Acala cotton contributing 90% of the production and Gossypium barbadense, commonly known 

as extra-long-staple (ELS) cotton or Pima or Egyptian cotton contributing 5% of the production. ELS cotton 

is given to cotton fibres of extraordinary length, whose characteristics created the most luxurious fabrics 

in the world. 

Why Extra Long Staple Cotton? 
Cotton fibers are produced primarily by two species, G. hirsutum L., upland, and G. barbadense L., Pima 

or American Egyptian, which also is referred to as Extra Long Staple (ELS) Cotton. The term 'extra long 

staple' (ELS) cotton typically denotes a cotton fibre of extraordinary fibre length of above 32.5 mm (2.5 % 

span length). ELS cotton fiber is longer than 32 mm, which is similar to Gossypium barbadense L. cultivars 

(Cotton Inc., 2011). G. barbadense cultivars generally produce UHML equal to or exceeding 35 mm, as well 

as fibre strength superior to that of upland fibers (Joy et al., 2010). ELS and LS (long staple) cottons 

represent only about 3% of the entire world's cotton production. Although ELS cotton represents only three 

per cent of the cotton production worldwide, it represents seven per cent of the world market value and is 

the fastest growing segment of the cotton market. Many organizations have started concentrating on 

increase in production of ELS cottons in India.  

ELS cottons are also recognized for their superior strength, finer and better uniformity. Normally ELS 

cotton varieties are used for producing fine and superfine counts of yarn. This category of yarn is the main 

stay of the handloom industry for weaving the traditional Indian apparel of sarees, dhotis, muslin etc. In 

terms of the strength, fineness and uniformity of the cotton fibre, the ELS cotton is undoubtedly superior 

to other varieties of cotton that much shorter fibre. The ELS fibres allow the cotton to be spun into much 

fine, softer and stronger yarns. The fabric woven with ELS cotton is more breathable, more luxurious and 

becomes softer over time with use, thus providing greater comfort. India produces the widest range of 

cottons from 6’s to 120’s counts, from non-spinnable coarse to medium, long, extra-long and superfine 

cotton. Despite having a surplus cotton production in India, the Indian mills need to import cotton from 

different countries. However, even with all the benefits of the ELS fibre characteristics and its apparent 

desirability, it is grown only in limited quantities. The main reason behind this fact is non-availability 

of ELS cotton varieties in India. 
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The length of the fibre affects the strength, evenness, and even the efficiency of the spinning process of the 

final yarn. Cotton with short fibers can be difficult to spin and so, can produce low quality yarn. Gururajan 

and Manickam (2005) have reviewed the fibre quality improvement in extra-long staple G. 

barbadense cotton in different countries of the world. The major countries producing ELS cotton in the 

world are Egypt, U.S.A., CIS (former U.S.S.R.), Sudan and India. 

ELS Cotton Varieties and Hybrids 
The longer the fibres, the finer the yarn and the smoother and stronger the fabric. Fine cotton will make 

luxury grade yarns spun from extra-long staple (ELS) cotton. Cotton variety, Gossypium barbadense L. 

Suvin is the  longest and finest cotton fibre. It was developed by the Central Institute for Cotton Research 

(CICR), Regional Station, Coimbatore. Suvin is a crossbreed between Sujata and St Vincent (a sea island 

cotton). Suvin derives its name from the combination of SUjata+VINcent. It was released for commercial 

cultivation in 1974. It was categorised as extra-long staple cotton and rated equivalent to Giza 45 then 

imported from Egypt (Krishnamurthy, 1980). Suvin has the unique distinction of being the longest and the 

finest fibre in the world. With 38-40 mm length and 2.8-3.0 micronaire, it has a spinability of 240s Ne to 

300s Ne count of yarn. Short, medium or long staple cotton can be spun only between 10s Ne to 50s Ne 

count of yarns. The first Extra Long Staple Hybrid interspecific (hirsutum x barbadense) hybrid cotton 

Varalaxmi was released in Karnataka in 1972. This was followed by the extra-long staple hybrid cotton 

DCH – 32 in 1981 and can be considered a landmark in heteroris breeding. TCHB 213, the interspeicfic 

hybrids released in Tamil Nadu during 1990, has mean  fibre length of  32.8 mm, spinning capacity of  80’s 

count having blending properties with manmade fibres  and suited for winter irrigated tracts. 

In Gossypium hirsutum L., the  ELS Cotton variety CO 14 (TCH 1716) released by Department of Cotton, 

Tamil Nadu Agricultural University, Coimbatore during 2016. This variety capable for spinning upto 70’s 

counts with Upper Half Mean Length of fibre length of 36.2 mm, fibre strength of 29.6 g/tex and fibre 

fineness of 3.6 µg/inch (Vindhiyavarman et al. 2015). 

The recognised industry standard for the minimum fibre length of an ELS cotton is 1-3/8″ or 34.925 mm, 

which is significantly longer than traditional varieties of cotton, known as short staple, Upland 

cottons.  Upland cotton varieties have an average staple length of between 26 and 27 mm.  ELS cotton 

fibres can exceed 40mm. 

Benefits of ELS Cotton 
1. Longer fibres also secure the strength and softness of garments, while shorter fibres produce yarns that 

are rougher and subject to pilling  

2. Fabric made from ELS that’s more durable, softer and keeps shape better 

3. Colour is another benefit: long staple cotton’s fibre density leads to a uniform colour, as fabrics absorb 

dye with a deep, long-lasting penetration 

4. Yarns made of ELS cotton create the most luxurious and highest quality fabrics ensuring skin 

friendliness, softness, cooling, moisture absorption, breathability and above all durability.  

5. After spinning of ELS cotton, the yarn is then doubled to increase its durability and abrasion resistance. 

Such properties offer a finer yarn with superior strength and better uniformity which shows in the finished 

fabric. 

Conclusion 
With the invent of new modern technologies in textile spinning industries, the research on improvement in 

cotton qualitative characters especially fibre quality properties gained importance. Cotton fibre qualities 

like length, strength & fineness to be more consistent in order to produce a yarn of international standards. 

There is a need to develop high strength cotton varieties to tap the opportunities available in international 

textile market. 

So, research on ELS cotton species viz., Gossypium barbadense and Gossypium hirsutum to be intensified 

by using ELS material in breeding program to develop hybrids with ELS cotton with good seed cotton yield. 

Sustained breeding programmes are required to bring a positive change in Indian cotton and spinning 

industries. 

https://text-to-search.com/s/?q=sea
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Introduction 
Biotechnology is the broad area of biology, involving living systems and organisms to develop or make 

products, or "any technological application that uses biological systems, living organisms, or derivatives 

thereof, to make or modify products or processes for specific use". But, in the context of insect pest 

management can be defined as the controlled and deliberate manipulation of biological systems to achieve 

efficient insect pest control. Living organisms have evolved an enormous spectrum of biological capabilities 

and by choosing appropriate organisms with specific capability; it is possible to obtain meaningful control 

of such insect pest species. Biotechnology has considerable ability to provide sustainable biological elements 

of integrated pest management (IPM). Among the pest management strategies, host plant resistance (HPR) 

is one of the best control measures that can also be made more reliable and fast by using different 

biotechnology approaches. 

Plant resistance is the consequence of heritable plant qualities that result in a plant being relatively less 

damaged than a plant without these qualities. Insect-resistant crop varieties suppress insect pest 

population by increasing their damage tolerance level. The relationship between the insect and plant 

depends on three kind of resistance, e.g., antibiosis, antixenosis (non-preference), tolerance. The 

development of insect resistant plants has been started in 1782 since Havens published a paper about a 

wheat cultivar resistance to Hessian fly. Since then, numerous insect-resistant plants have been developed 

by the international and national research center, private sector through conventional method or 

biotechnology. For example, International Rice Research Institute (IRRI) has developed and released 

numerous rice varieties resistant to brown planthopper, green leafhopper, rice stem borer and rice gall 

midge. Several transgenic insecticidal cultivars obtained through biotechnology approach have also been 

developed, such as Bt-corn, Bt-cotton, and Bt-rice. 

During last 30 years, the major biochemical principles governing such resistance and involved genes have 

been identified for their directed use through biotechnological approaches, but most emphasis has been 

given to primary protein products of specific genes. For affording host-plant resistance, genes of primary 

interest are those whose protein product could be harmful to the normal growth and development of the 

target insect-pest based upon the mechanism of insecticidal action of the gene product. 

The first transgenic plant (tobacco) expressed a cowpea trypsin inhibitor gene (cpti- an insecticidal gene) 

and produced the inhibitor protein at 1.0% level to provide enhanced protection against the lepidopteran 

pest Heliothis virescens. However, subsequently developed transgenic rice and potato plants with this gene 

failed to provide sustainable insect protection. In contrast, insecticidal Cry family genes from Bacillus 

thuringiensis expressing insecticidal Cry- proteins found more favour for transformation of tobacco and 

tomato plants. Use of molecular biology techniques for the management of insect pests. The following are 

some strategies. 

1. Wide hybridization: This technique involves transfer of genes from one species to other by conventional 

breeding. The genes for resistance are transferred from a different species. e.g., WBPH resistant gene has 

been transferred to Oryza sativa from O. officinalis.  

2. Somaclonal variability: The variation observed in tissue culture derived progeny. e.g., Somaclonal 

variants of sorghum resistant to Spodoptera litura has been evolved. 

3. Transgenic plants: Transgenic plants are plants which possess one or more additional genes. This is 

achieved by cloning additional genes into the plant genome by genetic engineering techniques. The added 

genes impart resistance to pests. 
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Transgenic Bt Cotton 
1. Bt preparations have been used for many years as an “organic” insecticide that is sprayed onto plant 

tissues. However, the utility of Bt as a conventional insecticide is limited by instability of the protein when 

exposed to UV light and poor retention on plant surfaces in wet weather. The high level of toxicity of the 

Bt toxin protein, and the ease of isolating its encoding gene from bacterial plasmids, made it an obvious 

choice for initial experiments attempting to produce insect resistant transgenic plants 

2. Bt cotton is genetically modified cotton crop that expresses an insecticidal protein whose gene has been 

derived from a soil bacterium called Bacillus thuringiensis, commonly referred as Bt. 

3. Many subspecies of B. thuringiensis are found in soils and are in general known to be toxic to various 

genera of insects but safe to other living organisms.  

4. Spores of Bt contain a crystalline protoxin protein encoded by a gene (Cry) carried on a plasmid within 

the bacterium. 

Three commercial transgenic crops have been introduced that contain Bt toxin encoding genes for insect 

control: cotton, maize (corn). 

a. In cotton the major pests are lepidopteran larvae of the bollworm species. 

b. Bollguard 1: Transgenic Bt cotton contains cry1Ac which produce delta endotoxins proteins 

mainly used for the control of Helicoverpa armigera. 

c. Bollguard 2: Transgenic Bt cotton contains cry 1Ac and cry 2 Ab which produce delta endotoxin 

proteins mainly used for the control of Helicoverpa armigera and Spodoptera litura 

d. Pink boll worm Pectinophera gossypiella has developed resistant to first generation Bt cotton that 

express single Bt genes. 

e. As that of maize, a major target pest is the lepidopteran, European corn borer (Ostrinia nubilalis), 

where the larvae tunnel inside the stalks of the plants and are in accessible to conventional 

insecticide spray. Due to this they developed Bt maize against european corn borer. 

Protease Inhibitors in Crop Protection from Insects (Kanika Sharma, 2015) 
These protease inhibitor genes encoding insecticidal proteins have been isolated from various plant species 

and transferred to crops by genetic engineering. 

1. Amongst these genes are those that encode inhibitors of proteases (serine and cysteine) and a-amylase, 

lectins, and enzymes such as chitinases and lipoxygenases. 

2. The possible role of protease inhibitors (PIs) in plant protection was investigated as early as 1947, when 

Mickel and Standish. The trypsin inhibitors present in soybean were shown to be toxic to the larvae of flour 

beetle Tribolium confusum.  

3. Majority of proteinase inhibitors studied in plant kingdom originates form three main  families namely 

leguminosae, solanaceae and gramineae. 

4. This was first demonstrated by Hilder by transferring trypsin inhibitor gene from Vigna unguiculata to 

tobacco, which conferred resistance to wide range of insect pests including lepidopterans, such as Heliothis 

and Spodoptera, coleopterans such as Diabrotica sp., and orthoptera such as Locusts. 

5. The protease inhibitors genes are entering into insect midgut. After entering inside they block the insect 

midgut proteinases thus impairing protein digestion, which inhibits or at least delays (in the case of weak 

inhibitors) the release of peptides and amino acids from dietary protein.  

6. The presence of inhibitor leads to the loss of nutrients particularly sulphur containing amino acids, and 

thereby weak and stunted growth and ultimate death. 

7. These leads to decrease in growth rate and prolongation of developmental period of the larvae, increase 

in mortality. 

8. These protease inhibitors differentiate into different classes based on their active amino acid reaction. 

It is classified as: 

a. Serine protease inhibitor. 

b. Cysteine protease inhibitor. 
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Serine Protease Inhibitor 
The first gene of plant origin that was transferred to another plant species to result in enhanced insect 

resistance encoded a Bowman-Birk type serine proteinase inhibitor from cowpea. In 1997, Yeh et al. 

transformed tobacco plants with the trypsin inhibitor gene of sweet potato. These plants showed a severe 

effect on the growth of larvae of Spodoptera litura (tobacco budworm) (Hilder and Boulter, 1999). In 1999, 

Lee et al. transformed protoplasts of rice with the SBTI gene. The accumulation of this inhibitor was 0.05%-

2.5% of the total protein, and the transgenic plants were resistant to Nilaparvata lugens (brown 

planthopper) (Ussuf et al., 2001). 

Cysteine Protease Inhibitor 
These cysteine inhibitors are effective in vitro, where inhibition of digestive proteinases of various 

coleopteran pests by cysteine proteinase inhibitors has been reported by a number of studies (Liang et al. 

1991; Michaud et al. 1993). They also have been shown to have deleterious effects against coleopteran 

species when incorporated into artificial diets (Chen et al. 1991; Orr et al. 1994; Edmonds et al. 1996). 

Eg:-The use of the gene encoding a rice cysteine proteinase inhibitor, oryza cystatin, which has been 

expressed constitutively in transgenic poplar trees, conferring resistance toward the coleopteran pest  

Chrysomela tremulae (Leplé et al., 1995). 

Amylases 
1. Insecticidal effects of amylase inhibitors against that these proteins play a major role in plant resistance 

to Lepidoptera. However, they have significant insecticidal activity toward phytophagous coleopterans, 

particularly pests of stored seeds.  

2. Eg:- For example, α-amylase inhibitors purified from wheat and Phaseolus vulgaris have  been shown to 

be insecticidal to coleopteran species that do not normally feed on these species when tested in artificial 

diet (Gatehouse et al. 1986; Ishimoto and Kitamura 1988). Seeds from these transgenic plants expressed 

the bean α-amylase inhibitor, and contained inhibitory activity against both porcine pancreatic α -amylase 

and the α -amylase present in the midgut of mealworm, Tenebrio molitor.  

3. Bean a-amylase inhibitor 1 in transgenic peas (Pisum sativum) provides complete protection from pea 

weevil (Bruchus pisorum) under field conditions.(Morton et al., 2000) 

4. Two a-amylase inhibitors, called aAI-1 and aAI-2 are present in common bean (Phaseolus vulgaris). 

These to be isolated and introduced into peas (Pisum sativum), that leads to expression of  aAI-1 in pea 

seeds can provide complete protection against the pea weevil (Bruchus pisorum). Here, we report that aAI-

1 also protects peas from the weevil under field conditions. The effect of aAI-1, which results in larval 

mortality at the first or second instar. 

Lectins 
1. Lectins may also bind to the peritrophic membrane, as opposed to the epithelium, in the midgut region 

of insects (Eisemann et al. 1994), and it has been suggested that this may cause physical blockage of the 

normally porous membrane and interfere with nutrient uptake. These lead to ultimate death of insect. 

2. Plants were the first known source of lectins and accumulate lectins in many storage tissues; seeds are 

an abundant source, but other storage tissues such as bulbs,   or bark, also contain lectins. They can be 

accumulated at levels up to 1%, or even higher, of total protein. The lectins are used against coleopteran 

storage pests and homopteran plant pests. 

3. Eg:- An artificial diet bioassay system was used to test a series of lectins  against the rice brown 

planthopper (Nilaparvata lugens), an important pest of rice in southeast Asia, and certain lectins were 

found to decrease insect survival significantly (Powell et al. 1993). 

Enzymes 
Transgenic expression of various enzymes has been proposed as a crop protection strategy. The most 

obvious candidate is chitinase, since chitin is such an important structural component of insects. 

Expression of an insect chitinase in transgenic tobacco enhances resistance to some lepidopterans. 
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Toxin from Predators 
Insect predators such as spiders and scorpions produce peptides, which are powerful neurotoxins that have 

been expressed in transgenic plants. However, expression of scorpion toxin in transgenic plants results in 

toxicity to insects fed on them.  These neurotoxins encoded gene isolated from different insects like 

predatory mites and scorpion have been deployed in recombinant baculoviruses to increase their biological 

activity. 

Potentials/Advantages of Biotechnology in Plant Resistance 
1. Slow development of resistance against transgenic Bt, Protease inhibitors and lectins. 

2. All plant parts express toxin and so no need for insecticide spray. 

3. Toxins will always be there, so there will be no need for continuous monitoring. 

4. Transgenic plants would also provide protection to those plant parts, which are difficult to be treated 

with pesticides.  

5. No environmental pollution, safe to natural enemies, non-target organism. 

6. There would be no problem of contamination in the form of drift and ground water contamination or risk 

in the field workers. By using transgenic technology, the toxin is delivered directly to the target organisms. 

Disadvantages of Biotechnology in Plant Resistance 
1. If lepidopteran herbivores were removed from plant species, other insects might experience competitive 

release and become more common.  

2. The use of transgenic plants possessing resistance factor in one locality may affect the insect population 

dynamics in other areas. 

3. Environmental influence on gene expression. 

4. Development of resistance and evolution of new biotypes. 

5. Gene escape into the environment. 

6. Social and ethical issues. 

7. High expectations, less results from rainfed and less fertile soils. 
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Introduction 
Halophytes or salt tolerant plants are able to grow in extremely saline habitats and tolerate salinity by 

various eco-physiological mechanisms. This study focusses on screening the plant for Phytoconstituents on 

suadea maritima a natural halophyte. Preliminary phytochemical test (primary and secondary 

metabolites) of Suaeda maritima was done by using ethyl acetate and methanol solvents.  The 

phytochemical analysis indicates the presence of alkaloids, terpenoids, steroids, tannins, quinones, 

saponins, flavonoids and phenols. 

Introduction 
Mangroves are salt-tolerant plants that grow in the tropical and subtropical intertidal regions of the world, 

mostly between 30° north and south of the equator. These salt tolerant plants can thrive well in extremely 

saline environments through a variety of eco-physiological mechanisms. These plants are mainly found in 

salt-affected areas such as saline semi-deserts, mangrove swamps, marshes, sloughs, polluted soils and 

seashores (Ksouri et al. 2008). East and west coasts of India including the Sundarbans in West Bengal are 

the rich source of these plants. S.maritima is an herbaceous mangrove plant that is commonly found on 

the landward edges of Bhitarkanika's mangrove habitats. It is used as a leafy vegetable for making juice 

and curries, as well as for feeding cattle, goats and sheep. Various parts of S. maritima have traditionally 

been used as ethnomedicine to treat a variety of ailments. Juice of this plant has several medicinal values 

such as antiviral, hepatoprotective, anti-inflammatory, and antioxidant properties (Patra et al. 2011; 

Ravikumar et al. 2011). 

Medicinal properties are due to the production of significant number of antioxidants, phenol compounds, 

enzymes and other biochemical compounds such as free amino acids owing to which pharmacological and 

ecological importance of this plant has been increased. Phenyl propanoid pathway leads to the synthesize 

of phenolic compounds, which act as a buffer against biotic and abiotic stress. Many edible plants have 

these molecules in their leaves, roots, seeds and fruits. Mangroves were reported to contain compounds like 

tannins, alkaloids and polyphenols (Combs et al. 1949), which have been recorded with antimicrobial 

activities (Jamale et al. 1998; Nishiyama et al.1978; Ross et al.1980). 

Review of Literature 
Indian sundarbans is a part of the world’s largest mangrove forest (Sarker et al.2016). Among the 

mangroves, Suaeda species (Chenopodiaceae) occupies a special position and are known to be the producers 

of antibacterial (Patra et al. 2009; Muthazhagan et al.2014; Nayak et al.2018), antifungal (Boughalleb et 

al. 2009), mosquitocidal (Suresh et al. 2017), anticancer (Oueslati et al. 2012), hepatoprotective (Ravikumar 

et al. 2011), phytotoxic (Ali et al.2014; Khan et al. 2018), diuretic (Kakrani and Saluja, 2001) and 

antioxidant (Oueslati et al.2012) compounds. 

In folklore medicine, these groups of plants were used as fodder (Ishnava et al. 2011) against rheumatism, 

paralysis, asthma, snake-bites, skin disease and ulcer (Kathiresan and Ramanathan, 1997; Muthazhagan 

et al. 2014). Leaves of these plants have high antiviral, antibacterial and wound healing properties 

(Manivachagam et al. 2008; Ravikumar et al.2010), as well as insecticidal  (Fahmy et al. 2003) and 

antiplasmodial properties (Sundaram et al. 2011). Different species belonging to the genus Suaeda, 

viz., Suaeda maritima, Suaeda monoica, Suaeda pruinosa, Suaeda maritima subsp. salsa and Suaeda 

vermiculata are widely distributed in Indian coastal regions but were seldom studied. 
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Anti-cancer activity in Suaeda monoica was also reported with the identification of couple of active 

compounds (Al-Said et al. 2017; Siddiqui et al. 2020). In India, use of this halophytic succulent herb as 

wound healing, to repel mosquitoes, as antidiuretic compound and as electrolytes to treat diarrhea has 

been reported from the autochthonous people. Owing to their various medicinal uses, validation of 

ethnomedicinal properties of this plant is fairly warranted. In addition, the monotypic distribution of the 

plant has not been addressed so far, which may be due to allelopathic/phytotoxic activity of the plant, and 

deserves to be investigated. 

Result 
The GC-MS chromatogram analysis of ethyl acetate and methanol leaf extracts of Suaeda maritima proved 

the presence of various phytochemical constituents in it. Both extracts confirmed the presence of important 

active metabolites such as alkaloids, terpenoids, steroids, tannins, quinones, saponins, flavonoids and 

phenols. Gas chromatography and mass spectrometry (GC-MS) analysis of the Suaeda maritima leaf ethyl 

acetate extract led to the identification of 17 compounds. The prevalent compounds were Bis (2-ethylhexyl) 

phthalate (23.77%), Eicosane (23.03%) and cis-9-Hexadecenoic acid (16.50%). Gas chromatography and 

mass spectrometry (GC-MS) analyses of the Suaeda maritima leaf methanol extract led to the identification 

of 14 compounds. The prevalent compounds were 1H-Indole, 3-methyl (21.68%), 6-Octadecenoic acid 

(18.12%) and 2-Dimethylamino-4'-methoxyacetop (14.42%). The preliminary phytochemical study of S. 

maritima has been revealed bio active compounds which are presented and its biological activities are 

noted. 

Conclusion 
The present study provides valuable information regarding the potential of halophytes as natural sources 

for phytochemical constituents, antioxidants and Antimicrobial activities. Qualitative analysis of S. 

maritima leaves showed that the presence of biologically important phyto-constituents viz., Flavonoids, 

Terpenoids, Tannin, Phenol and Cardiac glycosides. This research work has revealed the potential of a 

mangrove species could be useful in the area of life sciences. Further research work is need to determine 

the biological active molecules from S. maritima this would be the basic platform to be executed in various 

applications of life sciences. 
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Introduction 
The science of wine and winemaking is known as oenology. A person who makes wine is traditionally called 

a winemaker or vintner. The countries like France, Italy, Spain and US are some of the world largest 

producers of wine. Wine is an alcoholic beverage that can be produced by fermenting crushed grapes using 

variety of yeasts. In some places fruits like apple and berry are also used for the process to get apple wine 

or elderberry wine. The starch-based things like rice and barely can also be used for preparing wine which 

resembles beer. However, grapes are the things that are widely used for the production of wine all over the 

world. Wine from other sources like pumpkin and beet root rather than traditionally used sources like 

grapes in an environmentally sustainable manner helps to maximize economic growth of farmers. 

 Red, White, Sweet, Sparkling and Deserting are different types of wines. Red, White and Sparkling wines 

are containing less amount of alcohol usually ranging from 10 to 14% by volume whereas the dessert ones 

contain more than 15 to 20% of alcohol. Winemaking can be divided into two general categories: still wine 

production (without carbonation) and sparkling wine production (with carbonation - natural or injected). 

Materials and Methods 
Ingredients: Red pumpkin, Beet root, Sugar, Yeast, Campoden tablets (preservative), Wheat & Water, 

etc.  

Miscellaneous/ Equipments: Plastic Jars of Capacity 5 liters, Gravity bottles 50ml capacity, Cheese 

cloth, Funnel, Wooden spoon, Hand Gloves, BOD Incubator, Wine bottles, blender and slicer etc. 

Procedure 
1. Purchase fresh red pumpkin and beet root from the market.  

2. Wash in hot water, so as to disinfect them and slice with the help of smasher or pestle in thin pieces and 

then place in previously sterilized plastic or ceramic jars separately. 

3. Add the double volume of boiled cool sterilized water in the jar.  

4. Add the required amount of wheat grains and 50% of sugar in pumpkin and beet root smashed material 

in the container. 

 
Pumpkin wine (Bottling) 

5. Then add dried yeast powder in required quantity by dissolving yeast in lukewarm water.  

6. Add the preservative to prevent unwanted bacterial & fungal growth.  

7. Mix the content in the jar with the help of wooden spoon.  

8. Close the jars air tight and are keep in dark and cool place.  
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9. Mix the content every day with wooden spoon, each time the jars close tightly. 

10. Follow these processes up to 21 days.  

11. Filter the content after 21 days with cloth, discard solid and supernatant is collected in jar. Then add 

remaining amount of sugar in supernatant.  

12. Keep the jars in between 21 to 24°C temperature in BOD incubator. 

13. After 42 days place the jars at 7°C to set down the remaining solids.  

14. After a total of 42 days, open the jar and gently take out the clear wine on top and fill up in a sterilized 

glass bottle.  

15. Test the supernatant for its alcohol content by using specific gravity bottle. 

Flow Diagram of the Process 
1. Primary Stage → Maceration→Fermentation→Sterilization→must (Smashed material) + water 

→Sulphiting. 

2. After 24 hours Add Yeast (Temp.77 0F- 250 C) check sp. gr. - store in dark and dry area. 

3. Day II→Add sugar and other additives if needed →store room temp. 700 F-750 F. 

4. Day III → Starring- continue to ferment for 7 to 14 days → stirred daily (stirring prevents wine from 

turning to vinegar) (temp. 21-250 C). 

5. Secondary Stage - straining or Filtration →supernatant collected →check sp gr. → if low i.e.,0.999 →then 

add sugar.  

6. Clarification stage- kept for next 14 to 21 days for clarification→adding stabilizer Ascorbic Acid→ 

prevents oxidation of wine → temp. 150 C. 

7. Bottling stage - Storage in cork bottles at temp. 150 C →ready after proper duration. 

Suggestions 
1. Keep the jars & bottles cork to prevent fruit flies from being able to harm, they convert wine in to vinegar.  

2. Do not expose to oxygen otherwise wine will be oxidized and its colour will change.  

3. As the pH of wine is in between 3 to 3.5 (acidic) may cause harm to teeth and hence recommended that 

wine should be drink during meal. 

Health Benefits of Wines 
Although it is understood that excessive drinking of wines causes some severe health problems, moderate 

taking of red wine and other variety of wines is very helpful to avoid cardiovascular diseases and other 

heart problems. The presence of polyphenols in red wines is considered as protective against such heart 

problems. Antioxidants found in the wines are working as anti-ageing agents and help keep youthfulness 

for moderate drinkers of wines. We can also avoid many liver diseases taking moderate quantity of wines 

in our daily life. Wines also seem very helpful for the people who are engaging in body exercises. 
 

 



 

 
Volume 3 - Issue 6 - June 2021       462 | P a g e  
 

Genetic Improvement of Brinjal by Utilization of its Wild 

Relatives 
Article ID: 11160 

P. Bhavana1, A. K. Singh2 
1Senior Scientist (Plant Breeding), ICAR Research Complex for Eastern Region, Farming Systems 

Research Centre for Hill and Plateau Region, Ranchi (Jharkhand). 
2Head & Principal Scientist (Vegetable Sciences), ICAR Research Complex for Eastern Region, Farming 

Systems Research Centre for Hill and Plateau Region, Ranchi (Jharkhand). 

 
 

Abstract 
Brinjal is the sixth most cultivated vegetable crop in the world with annual production of 54 mt (2018). It 

is more prone to several pests and diseases causing huge losses in yield and fruit quality. Cultivated brinjal 

has narrow genetic base limiting the objectives of genetic improvement. In contrast, a lot of morphological 

and genetic diversity exists in the wild relatives which can be utilized for combating biotic and abiotic 

stresses. Conventional methods combined with biotechnological techniques provides solution for successful 

utilization of these potential resources. 

Keywords: Brinjal, wild relatives, resistance source, Solanum sp. 

Introduction 
Brinjal or eggplant (Solanum melongena) is the most important vegetable cultivated in tropical and sub-

tropical regions of the world. It is a source of dietary fibre, micro nutrients and bioactive compounds. It 

belongs to the family Solanaceae and Subgenus Leptostemonum. Apart from S. melongena there are two 

more cultivated species of brinjal viz., Gboma brinjal, S. macrocarpon and Scarlet brinjal, S. aethiopicum 

which are native to Africa and are grown remotely in Africa, Carribean and South America. The 

domestication of S. melongena lies in area between India, Myanmar and China. 

Characterization of wild species for traits of interest is a fundamental step for efficient utilization of crop 

wild relatives in breeding for improved yields and quality as well as to address the challenges posed by 

climate change. The wild relatives harbor resistance/tolerance genes for various pests, diseases, extreme 

environmental conditions and are repository of many bioactive compounds of interest to human health.  

Closest wild relative of brinjal is S. insanum which is naturally distributed in Asia, Madagascar and 

Mauritius (Knapp et al., 2013) and is frequently found as weed (Mutegi et al., 2015). S. insanum is 

considered as the wild ancestor of brinjal and is the only species in the primary gene pool of cultivated 

brinjal (Syfert et al., 2016). The secondary gene pool consists of 50 African and Southeast species 

(Vorontsova et al., 2013 and Syfert et al., 2016). S. incanum, S. indicum, S. sisymbrifolium, S. macrocarpon, 

S. mammosum, S. khasianum, S. aethiopicum, S. anomalum, S. integrifolium, S. torvum, S. xanthocarpum, 

S. nigrum, S. gilo, and S. viarum are some of the wild species reported in India. Eastern Himalayas and 

Western Ghats are the major hot spots of biodiversity in the country. 

Lack of resistance source for fruit and shoot borer in the cultivated germplasm is a major bottleneck in 

resistance breeding of brinjal. The wild species of brinjal like S. sisymbrifolium (Lal et al., 1965, Dhanker 

et al., 1979), S. integrifolium, S. xanthocarpum and S. nigrum have earlier been found free from the borer 

(Lal et al., 1976, Rao and Baksh, 1981). Hybridization followed by selfing upto F9 with resistant source S. 

viarum could reduce borer infestation due to increased peroxidase activity, polyphenol oxidase activity and 

total phenol quantity (Pugalendhi, 2010). Likewise, S. macrocarpon is reported resistant to gall midges 

wherein the biochemical mechanisms governing resistance need to be investigated (Kumar et al., 2010). 

Insufficient or partial resistance has been reported in the cultivated germplasm for bacterial wilt, fusarium 

wilt, verticillium wilt and Phomopsis blight necessitating search for resistance in wild species. Resistance 

to bacterial wilt has been reported in the wild species of brinjal viz., S. torvum, S. nigrum, S. xanthocarpum 

and S. sisymbrifolium (Sugha et al., 2002). Iwamoto et al., 2007 reported source of resistance for fusarium 

wilt in the wild species S. integrifolium. Kalda et al., (1976) found that S. xanthocarpum, S. indicum, S. 



 

 
Volume 3 - Issue 6 - June 2021       463 | P a g e  
 

gilo, S. khasianum, S. nigrum and S. sisymbrifolium were highly resistant to Phomopsis blight. The wild 

species S. viarum is reported to be immune to the little leaf whereas S. inacanum and S. sisymbrifolium 

were found resistant (Anjaneyalu and Ramakrishnan, 1968; Chakrabarti and Choudhary, 1974). S. 

linnaeanum, S. sisymbrifolium and S. torvum are reported to be sources of resistance to Verticillium 

dahliae. Expression profiling of S. torvum response to nematode infection revealed sesquiterpenes and 

chitinases as major effectors for nematode resistance (Bletsos et al., 2013). Information regarding genes 

responsible for these resistance traits and their inheritance pattern is scanty.  

Many wild species also harbour tolerant genes to abiotic stresses. S. sisymbriifolium lines were found 

tolerant to salinity (Yasar, 2008). S. linnaeanum is reported to have tolerance to salt stress (Daunay et al., 

1991; Collonier et al., 2001). Grafting egg plants on S. torvum enhanced both drought and flood tolerance 

and improved the growth and fruit quality (Tsay and Lin, 2005). Traits related to frost damage have been 

observed in S. mammosum, S. viarum and S. grandiflorum (Baksh and Iqbal, 1979). 

Although crossability studies between S. melongena and other Solanum species have been carried out, 

utilization of these wild species of brinjal for introgression of resistance traits to the modern-day cultivars 

has got limited success. There is no natural crossing among cultivated and wild species of brinjal. Even 

under forced crossing, viability was not retained. Sihachakr et al., 1994 reported that S. melongena can be 

crossed sexually with many species of same subgenus Leptospermonum. Eleven Solanum species were 

grouped into three groups by Nishio et al., (1984) based on their interspecific compatibility. The first group 

included S. melongena, S. incanum and S. macrocarpon; second group constituted S. integrifolium, S. gilo 

and S. nodiflorum while S. indicum, S. mammosum, S. torvum, S. sysymbrifolium and S. toxicarium were 

included in the third group. They opined that crosses were compatible within and between the first and 

second groups but were otherwise incompatible. Rao (1979) reported that S. melongena cultivar as female 

parent when hybridized with S. melongena var. insanum, S. incanum, S. integrifolium and S. gilo produced 

viable seeds. But it did not hybridize with S. indicum, S. sisymbrifolium and S. zuccagnianum. Behera and 

Sigh (2002) reports successful crossing in S. melongena using S. indicum as pollen parent while the 

reciprocal crossing progenies died within 15 days of germination. Among the nineteen species of Solanum 

used for egg plant crop improvement worldwide, only four species viz., S. incanum, S. linnaeanum, S. 

aethiopicum and S. macrocarpon have been used successfully for developing progenies with partial fertility 

(Daunay and Lester, 1989). S. xanthocarpum and S. incanum are crossable with egg plant producing fertile 

or partially fertile hybrids (Singh, 1972). S. melongena was freely crossable with S. incanum and the hybrid 

exhibited field resistance to shoot and fruit borer and leaf rot (Siddiqui and Khan, 1979). S. viarum, a 

closely related wild species of egg plant is cross compatible with the cultivated egg plant (Pugalendhi et al., 

2010). Studies carried out at IIVR, Varanasi, indicated that except S. incanum, all other species used for 

crossing program like S. indicum, S. nigrum, S. sisymbrifolium and S. torvum were incompatible with 

cultivated egg plant varieties. Fruit set was not obtained in crosses involving wild species as female 

parents. Rao and Baksh (1981) reported 60% fruit set and 65% seed germination when Pusa Purple Long 

was crossed by S. integrifolium as male parent. Although successful crossings involving wild species are 

reported, sterility is a major limiting factor in their utilization in crop improvement programs. For example, 

crosses were made by Rao (1979) using ten Solanum species viz., S. melongena, S. melongena var. insanum, 

S. incanum, S. indicum, S. xanthocarpum, S. integrifolium, S. gilo, S. zuccagnianum, S. sisymbrifolium 

and S. khasianum in all possible combinations. Among the ninety crosses made, only 39 resulted in fruit 

set, four produced parthenocarpic fruits and in the remaining 47 crosses, there was no fruit set. The partial 

sterility of interspecific hybrids of egg plant with its allied species may be linked to the self-incompatibility 

problems brought by the wild parents and not by egg plant being self-incompatible (Daunay et al., 1991). 

Seed dormancy was also reported to be a constraint in the utilisation of wild species of brinjal. Seed 

dormancy due to hard seed coat in S. incanum (Joshua, 1978), prolonged dormancy in S. nigrum (Edmonds 

and Chweya, 1997), primary dormancy in S. nigrum (Bithell et al., 2003), embryo dormancy in S. 

aethiopicum (Abdoulaye, 1992) and non-uniform seed germination in S. torvum (Ginoux and Laterrot, 1991) 

are some of the reported cases of dormancy in the wild species. 

Barriers on crossability can be overcome by use of conventional methods and biotechnological interventions. 

Use of bridge crossing can be useful to overcome the crossability barriers. Use of wild species as rootstocks 

for minimizing damages due to biotic and abiotic stresses has gained popularity in the recent years due to 

the ease of grafting methodology and reduction in the time required to obtain resistance/tolerance. Tissue 
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culture methods can be used to regenerate the otherwise infertile hybrids. Somatic hybridization had 

limited success owing to the ability of tetraploid symmetric somatic hybrids to be back crossed with their 

recurrent brinjal genotype. Embryo rescue methods contributed to some extent to overcome the barriers of 

crossability with wild species. Conventional methods of breeding integrated with biotechnological tools can 

surely help in the transfer of these beneficial genes from wild species into the cultivated brinjal. 

Conclusion 
India being the centre of diversity is bestowed with huge variability in brinjal genetic resources. Resistance 

to various pests and diseases is available with the wild relatives, which can be successfully utilised in crop 

improvement programmes. Introgression of these desirable traits from wild relatives had a limited success 

owing to self-incompatibility. Biotechnology coupled with conventional methods will surely help in the 

efficient utilisation of these wild relatives. Gene mapping, genomics, marker assisted studies and resistance 

mechanisms to various stresses can be identified for their utilisation in future breeding programmes. 
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Abstract 
Nutrient has an important effect on crop nutrition. It is important to find a correct balance between 

macronutrients and micronutrients for maize crop. Nutrients in the soil are taken up by the roots of the 

plant after which they are translocated within the plant reaching the stems and leaves. Decreased water 

availability in the soil reduces the movement of the nutrients and when this is the case, plant growth is 

hampered. 

Nitrogen (N) 
Plants suffering from nitrogen tend to show stunted growth. The leaves turn a pale green. The oldest leaves 

show yellow discolouration and necrosis starting at the tip of the leaf. Low or high pH soils make the 

problem worsen. N is important for lush green growth. It contributes towards yield & grain quality. Maize 

plant requires nitrogen and phosphorous soon after germination to stimulate the growth of stems, leaves 

and ear. The majority of nitrogen is needed during the growth. 

 

Nitrogen is important for lush green growth of the maize which significantly contributes towards yields 

and better grain quality. A maize plant requires both nitrogen and phosphorous soon after germination to 

stimulate the overall growth of plant structures. The majority of nitrogen is needed during the period of 

maximum growth which is the month prior to tasselling and silking. 

Phosphorous (P) 
Young plants suffering from a deficiency in phosphorous are stunted and thin with dark green leaves. Leaf 

margins, veins and stems show tinges of purple which may even spread across the whole blade of the leaf. 

This reddish discolouration is usually visible mainly in the juvenile stage of the plant’s life. 

 

Acidic and very alkaline soils worsen the plants as do cold and wet conditions. Crops with poorly developed 

root systems struggle without enough phosphorous so it is very important to get the levels right to ensure 

good early plant development which will contribute towards even maturing and reduced grain losses at 

harvest. 
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Potassium (K) 
The cobs of plants which have been deficient in potassium are noticeably narrowed or peaks and the grain 

on the tips of the cobs will have been poorly filled. The problem is worsened by acidic soils and sandy and 

light soils which leach very easily and quickly. Drought conditions and high rainfall or heavy irrigation are 

equally problematic when the balances of potassium are not correct. Potassium is important for healthy 

green foliage and ensures optimal root growth thus contributing towards increased yields. 

 

Magnesium (Mg) 
Symptoms of magnesium deficiency are seen in the leaf which shows red and purple tints and have a 

streaky appearance. It often occurs after extended periods of cold and wet and in soils which are too acidic 

or sandy. Magnesium contributes towards healthy plant development and improves yield. It can also help 

with the maturation process of the plant and thus bring forward the date of harvest. 

 

Calcium (Ca) 
Calcium shortages become evident early on in the growing season and are seen on young leaves which 

exhibit a light green colour or even whitish spots or streaky lesions and can even be hooked back. Calcium 

is important for healthy foliage and contributes to improved quality of grain and increased yields. 

 

Sulphur (S) 
The maize plant seems stunted with quite a straight up, erect appearance when sulphur is deficient. It is 

worsening in acidic soils as well as sandy soils. It is also exacerbated by soils with low levels of organic 

matter or if the soils are poorly aerated or waterlogged. S contributes to green foliage and healthy growth 

of the maize plant and contributes to an effective uptake of nitrogen by the crop. 

 

Boron (B) 
B deficient plants become stunted and either yellow or white spots develop on leaves with brown waxy 

raised streaks as the extent of deficiency develops. It is worsening in sandy and alkaline soils and also in 

soils with low organic matter. This will happen under high levels of nitrogen or calcium. Periods of drought 

also worsen the problem. B is particularly important for cob and kernel development. 
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Zinc (Zn) 
Zinc deficiencies seen in the leaves of the maize which has pale yellow zones, start at the base of the leaves 

and run up the sides of the midrib while the leaf margin, tip and the midrib stay green. Symptoms generally 

show on older leaves, growth of internode is reduced and the plants stunted. Zinc is important for plant 

development and improves yield as well as speeds up the maturation of the plant to bring the harvest 

forward. Micro-nutrients play an important role in the life cycle of maize. Therefore, apply the fertilisers 

according to the recommendations. 

 

Conclusion 
Symptoms of nutrient deficiency include stunted growth, death of plant tissue, or yellowing of the leaves 

caused by a reduced production of chlorophyll, a pigment needed for photosynthesis. Nutrient deficiency 

has a significant impact on production potential of maize, resulting in reduced crop yield. It is advantageous 

to diagnose deficiency symptoms. The correct diagnosis of nutritional deficiencies is an important aspect in 

maintaining optimum plant growth. The recognition of these symptoms allows growers to “fine tune” their 

nutritional regime as well as minimizes stress conditions within plants. 

  



 

 
Volume 3 - Issue 6 - June 2021       469 | P a g e  
 

Bio Surveillance as a Tool of Precision Pest Management 
Article ID: 11162 

Sourav Sen1 
1M.Sc. Research Scholar, Department of Entomology, Assam Agricultural University, Assam, India-

78501. 

 
 

Introduction 
Pests are the serious problems in agriculture. The global crop losses due to insect pests have declined from 

13.6% in post-green revolution era to 10.8 % towards the beginning of this century. In India, the crop losses 

due to pests have declined from 23.3% in post-green revolution era to 15.7% at present. In terms of 

monetary value, Indian agriculture currently suffers an annual loss of about US$ 36 billion. It is estimated 

that food plants of the world are damaged by more than 10,000 species of insects, 30,000 species of weeds, 

100,000 diseases (caused by fungi, viruses, bacteria and other microorganisms) and 1000 species of 

nematodes. However, less than 10% of the total identified pest species are generally considered major pests. 

Pest management is facing ecological challenge due to human and environmental hazards cause by 

chemical pesticides. Biosurveillance is: “the process of gathering, integrating, interpreting, and 

communicating essential information related to all hazards threats or disease activity affecting human, 

animal, or plant health to achieve early detection and warning, contribute to overall situational awareness 

of the health aspects of an incident, and to enable better decision-making at all levels” The White House, 

2012. 

Many will argue that there is a right and a wrong way to conduct infectious disease surveillance. 

Traditional surveillance programs have supported research and informed policy for generations; however, 

emerging technology and societal changes have created a pathway for innovation in surveillance programs. 

Biosurveillance is a leading innovation in developing actionable information related to infectious disease 

outbreaks, but the foundation of this surveillance strategy lies in the amalgamation of both event-based 

surveillance systems and more traditional clinical surveillance systems (Edward et al., 2014). The data 

gathered through both mechanisms provide vital information for each core function of the biosurveillance 

framework and analytical checklist. The need to detect plant pests and diseases has increased in modern 

times. Natural and anthropogenic factors have led to both a dramatic increase of spread into new areas 

and the evolution of strains overcoming current control techniques. Food production practices will need to 

change to feed a growing global population and to offset crop losses from increasing incursions of pests and 

pathogens. Modern biosecurity surveillance involves increasingly sophisticated pest and disease detection, 

data collection and analysis. There is a growing need to assess and adopt technologies that will maintain 

the critical role of biosecurity surveillance in the face of increasing threats to protect global food security. 

The opportunities of autonomous biosurveillance are to identify pest and disease incursions faster, with 

greater precision, reducing the cost and time required to successfully intervene. Autonomous 

biosurveillance integrated into digital farming practices can help reduce the number of crop sprays and 

increase their precision, reducing the risk to the farmer and farming community and improving farming 

sustainability. But a serious cost of keeping agriculture pest-free using modern technologies may be an 

invasion of privacy (United Nations General Assembly). Risks of autonomous biosurveillance arise when 

there is ubiquitous and indiscriminate data capture of farming lands and likely misuse of this information 

by low or unregulated 3rd parties. 

Biosurveillance Overview 
Biosurveillance is the collection, analysis and interpretation of data to help monitor for the presence of 

pathogens in plants, animals, humans, food, and the environment. Its goal is to save lives by informing 

intervention strategies and by guiding public health decisions in the interest of national security, 

comprehensive biosurveillance can guide mitigation strategies, intervention strategies, and public health 

decisions. The Biosurveillance Gateway serves as a centralized portal for resources and research developed 

at Los Alamos National Laboratory, as well as related news and information. 
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Components of Pest Surveillance 
1. Determination of the level of incidence of pest sp.  

2. Determination of the loss caused by the incidence  

3. Determination of economic benefits, the control will provide  

The National Biosurveillance Strategy defines four core functions of the biosurveillance process:  

a. Scan and discern the environment. 

b. Identifies and integrate essential information. 

c. Informs and alert decision-makers. 

d. Forecast and advise potential impacts. 

Types of Biosurveillance Activity 
1. Open- source internet-based reporting system. 

2. Real time surveillance and outbreak monitoring 

3. Internet based multilingual early warning tool. 

4. Internet monitoring and analysis system and information scanning tool 

Precision Pest Management 
The use of new technologies including Geographic Information Systems (GIS), the Global Positioning 

System (GPS), Variable Rate Technology  (VRT), and Remote Sensing (RS) is gaining acceptance in the 

present high-technology, precision agricultural industry.  New technologies that provide increasingly 

efficient, complete, accurate, and timely information which enhance management decisions. These new 

technologies, together with historical photographs, provide the information as a practical management tool 

for site specific management of crops. Precision farming process involves collecting accurate spatial data 

on crops, and using this to manage a farming operation more efficiently, and hence more profitably. 

Fig: Components of precision pest management 

Conclusion 
The topic of Biosurveillance came into the forefront of homeland security issues shortly after the anthrax 

attacks of 2001, at which time five people died and dozens became sick. (Hsu, 2008) The damage could have 
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been more severe had not the proper authorities intervened in isolating the situation. After the attacks, 

authorities feared future bio-agent attacks on U.S. soil, so they established open lines of communication 

and surveillance between hospitals, clinics, the Centers for Disease Control (CDC), the World Health 

Organization (WHO), and other pertinent authorities in hopes of figuring out ways on how to combat future 

outbreaks, and in most cases predict/detect them before they occur. 

Historically, biosurveillance has been dominated by the military’s concern for threat pathogens (commonly 

called “select agents”), but more recently its scope has broadened to include identification of emerging 

infectious disease and a concern for the civilian populations. 
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Seed pelleting means covering of seed by a layer of material that obscures the original shape and size of 

seed resulting in substantial weight increase and improved planting ability or singulation. Seed pelleting 

provides an opportunity to package effective quantities of materials such as organic and inorganic 

nutrients, pesticides, water absorbents, carrier for nodule bacteria and other protective materials for 

specific purposes. Pelleting of seeds with chemical and botanical as filler materials in place of commonly 

used materials like charcoal, sawdust, sand and lime etc. should be cost effective, non-toxic and 

environment friendly. 

Disadvantages of Other Method of Fertilizer Application 
1. Nutrients cannot be fully utilized by plant roots. 

2. The weed growth is stimulated all over the field. 

3. Nutrients are fixed in the soil as they come in contact with a large mass of soil. 

4. Leaching of nutrients. 

To overcome this disadvantages seed pelleting can be effectively used. 

Why Pelleting is Important? 
Seed pelleting is the process of enclosing a seed with a small quantity of inert material just large enough 

to produce a globular unit of standard size to facilitate precision planting (Fig.1). The inert material creates 

natural water holding media and provides small amount of nutrients to young seedlings. Seed pelleting 

also serves as mechanism of applying needed materials in such a way that they affect the seed or soil at 

the seed soil interface. The main objective of seed pelleting is precision sowing with added advantages of 

better establishment and increased productivity. 

 
Fig 1: Change of shape due to pelleting compared to coating 

The term "pelleted seeds" refers to the seeds that are coated, tableted, or taped. Working definitions have 

been developed in the seed industry for several seed coating technologies. Pelleting is defined as the 

deposition of a layer of inert materials that may obscure the original shape and size of the seed, resulting 

in a substantial weight increase (Fig.1) and improved plantability; while film coating retains the shape and 

the general size of the raw seed with a minimal weight gain (Butler, 1993). The coating should result in a 

more or less continuous coating, which eliminates or minimizes product dust-off. Both the methods may 

contain polymers, pesticides, biological materials, colourants or dyes and other additives. 

The three basic coating systems now practiced elsewhere are pellets, tablets and tapes. Burgesser (1950) 

differentiated between pellets and coated seeds as follows: The term 'coated seed' refers to a single seed 
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coated with an inert material, primarily to increase its size to facilitate planting. Pelleted seeds are a 

mixture of seed and an inert material formed into pellets, usually by molding one or more seeds by some 

mechanical means. Seed tablet, also called wafer, is much larger than a coated seed but still contains only 

a single seed. A tablet may consist of two halves of a tablet glued together or a single unit with the seed 

embedded in the middle. The tablets are resulted from the process of compression of the material, usually 

vermiculite or charcoal. 

The third system of coating involving the manufacture of seed tape that is a water-soluble plastic tape or 

a strip of paper with seeds located at specific intervals. Seeds are evenly spaced on the tape, which may 

then be folded over the seeds and bonded. When the tape is planted, the seeds are automatically spaced at 

the desired intervals. 

What Kind of Seeds are Pelleted? 
1. Seeds of various sizes are commercially pelleted, from relatively large seeds like onion and tomato to 

very small seeds like lettuce species.  

2. For onion, the seed can increase in weight 6-fold due to pelleting; there are approximately 230 raw seeds 

per gram, and after pelleting the diameter may be of a 0.54cm. 

3. The volume for 1000 propagules is 3.7 cm³ for raw seed compared to 18.0 cm³ after pelleting. 

4.  The smallest seed that Seed Dynamics pellets is Begonia. Medium  seed weight for raw begonia is 88,000 

seeds per gram. 

5. After pelleting, the seed count can average 857 seeds per gram, an increased mass of over 100-fold. 

Steps in Pelleting 
The three basic steps involved in pelleting are stated as stamping, coating and rolling. The materials 

needed for pelleting are seed, adhesive and filler materials. Initially the seeds are uniformly coated with 

adhesive in correct quantity. Then the filler materials are sprinkled on the coated seeds and are rolled on 

the filler material for effective and uniform coating (Fig.2). 

Fig.3. Steps in seed pelleting 
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Conclusion 
1. Seed Pelleting directly enhances seedling emergence, survival and growth  

2. The pelleted seed registered maximum germination, shoot and root length, vigour index, dry matter 

production and field emergence. 

3. Seed pelleting provides the early nutrition of crops and reduces fertilizer load. 

References 
1. Burgesser, F. W., (1950). The use of coated seeds in modern agriculture. Proc. Amer. Soc. Sugar Beet. Tech., 6: 79-84. 

2. Butler, R., (1993). Coatings, films and treatments. Seed World, October : 19-24. 

  



 

 
Volume 3 - Issue 6 - June 2021       475 | P a g e  
 

System of Breeding in Farm Animals 
Article ID: 11165 

Kartik Tomar1, Dr Rajkumar Professor1, Shiwanshu Tiwari SRF1 
1PhD Scholar, Department of Animal Husbandry, Sardar Vallabhbhai Patel University of Agriculture 

and Technology, Meerut (Uttar Pradesh) India. 

 
 

Introduction 
The system of breeding is described as the mating of male and female for a particular purpose is known as 

Animal Breeding. System of breeding is an important tool for genetic improvement of livestock for higher 

milk and meat production. On the basis of genetic relationship of individuals to be mated to produce next 

generation, there are three system of breeding viz. Random mating, Inbreeding and Outbreeding. 

Random Mating 
It is called panmixia. This is the mating of individuals completely by chance in a population. Hence each 

individual gets an equal chance or opportunity to mate its opposite sex. It can be said when there is no 

choice for mates in a population. When a group of cows and bulls are kept under pasture condition and left 

them free for mating, the mating will be considered as random. 

Inbreeding 
In this breeding system mated animals are closely related. The mating of related male and female which 

are related within 4-6 generation or which are having common parent up to 4-6 generation. The main aim 

of inbreeding is to increase homozygosity and maintain the purity. Inbreeding is also known as Genetic 

Assortative Mating. Inbreeding may be of two types are close breeding and line breeding. 

1. Close Breeding: The close breeding means the mating of more closely related male and female is called 

close breeding e.g., parents – offspring mating. The purpose of close breeding is to develop highly inbred 

lines and to get more uniform progeny or to increase the homozygosity.  

2. Line Breeding: Line breeding means mating of distantly related individuals. The relationship between 

mated individuals is usually less than in close breeding. The mating of less closely related individuals is 

known as line breeding. The prime aim of line breeding is to perpetuate the special character of an 

outstanding animals or strain. 

Outbreeding 
In this breeding system mating of unrelated male and female which are not related within 4-6 generations 

is called outbreeding. The mating of male and female which are less closely related than the average 

relationship of the population to which they are concern. The genetic effect of outbreeding is opposite to 

that of inbreeding. Whereas inbreeding makes more pairs of genes in the population homozygous, 

outbreeding makes more pairs of genes in the population heterozygous. It is also called Genetic 

Disassortative Mating. The different forms of outbreeding are out crossing, cross breeding, grading up and 

species hybridization. 

1. Out Crossing: Mating of unrelated male and females within same breeds are called out crossing. The 

progeny produced by this system of mating is called out cross. Out crossing is generally combined with 

selection of superior sires, called selective breeding. It is used to select the best sires on the female of a herd 

and to improve the performance of purebreds. 

2. Cross Breeding: The mating of male and female of two different established breeds is called cross 

breeding, and the progeny produced by this breeding system is called crossbred. The main purpose is to 

combine the good qualities of two or more breeds. To achieve maximum heterozygosity in commercial 

animals. New breeds of livestock can be developed by cross breeding. The types of cross breeding are criss 

crossing, triple crossing, back crossing and top crossing. 

a. Criss crossing: When two breeds are crossed alternatively, called criss crossing. 

b. Triple crossing: Crossing of three breeds in a rotational manner, called triple crossing. 
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c. Back crossing: When F1 offspring is mated with any one of its own parents i.e., called back 

crossing. 

d. Top crossing: This mating system is a form of out crossing and is like grading up system. It is the 

mating of female to the last male in the top side of her pedigree.  

3. Grading up: It is a practice of mating purebred sire to non-descript or desi female and their offspring 

from generation after generation. This system of breeding is known as grading up. After 6-7 generations of 

crossing, the local animals (the graded females) will produce like the purebred animals. This system of 

breeding is less expensive and best method to improve our non-descript animal. This system helps to prove 

the genetic potential of the sire. Grading up system of mating changes the genetic composition without 

creating new genes but by transmitting good quality genes of improved breed. Grading up is very important 

breeding method for dairy cattle and buffaloes in India, since a large number of our cattle and buffaloes 

are non-descript. 

4. Species hybridisation: The mating of animals of two different species is called species hybridization. 

It is the widest possible type of out crossing. It produces offspring that sometimes show better performance 

than their parents in terms of vigour, disease resistance, hardiness and adaptability to adverse 

environmental conditions. However, the offspring are usually sterile (sometimes males are sterile and 

females are fertile), that cannot be used for further breeding. 

Example 
Sire (male) of one species × Dam (female) of other species = Offspring. 

Jack (male ass) × Mare (female horse) = Mule. 

Conclusion 
It is concluded that the breeding program in farm animals is major goal for improvement of animals in 

future aspects. The livestock industry increases through the superior character animals so that the 

selection of superior animals by the breeding or mating system.  The breeding system shows the quality of 

animals. 
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Summary 
Selectable marker genes are generally used for the effective transformation of crop plants. In many cases, 

selection is based on antibiotic or herbicide resistance. The genetic modification of crop plants offers 

considerable developments to agricultural practices, food quality and human health. A key focus of plant 

biotechnology above last years is the development of improved tools for these genetic modifications. 

Introduction 
Selectable marker genes (SMGs) have been extremely valuable in allowing plant transformation because 

of the low efficiency of transgene integration. The frequently used SMGs encode proteins which are 

resistant to antibiotics or herbicides and uses negative selection, i.e., by killing the non-transgenic tissue. 

However, there are observed risks in wide-scale deployment of SMG-transgenic plants, and so research has 

recently been done to develop marker-free systems. This article discusses about the transformation by 

using markers not based on antibiotic or herbicide resistance genes, as well as different systems of marker 

gene deletion. 

Selectable marker genes are very important to research and development of genetically modified (GM) 

crops. The methods used to introduce foreign DNA in a plant cell, either by microinjection, particle gun, 

electroporation or Agrobacterium, are relatively inefficient. Pinpointing cells that successfully incorporated 

foreign DNA in an ocean of non-transformed cells is akin to finding a needle in a haystack. For the search 

of transgenic cells, a marker gene is co-introduced with the gene of interest. These dominant genes confer 

resistance to antibiotics, such as hygromycin (hpt) and kanamycin (nptII), and herbicides, such as 

phosphinothricin (bar) and chlorosulfuron (als), that kill non-transformed cells. Yet, antibiotic and 

herbicide resistance marker genes may not be essential in mature plants, mainly when they are cultivated 

in fields. 

Herbicide resistance genes may be transferred by outcrossing to weeds and wild crop relatives. There also 

exists the possibility, of horizontal gene transfer from transgenic plants to soil and intestinal 

microorganisms, resulting in pathogens against which antibiotics currently being used are rendered 

unsuccessful. However, till now, no experiment has been given any proof about antibiotic markers presently 

in use stance risks to human or animal health. 

Methods to Make the Plants Marker Free 
There are some methods to either avoid or get rid of selectable marker genes. Methods that will allow the 

removal of DNA in plants as efficiently as it is inserted have been developed, such as the use of site-specific 

recombination, transposition and homologous recombination. Scientists have also described several 

substitute marker genes that have no harmful biological activities. The presence of these non-bacterial 

genes allows the plants to metabolize non-toxic agents normally harmful to them. 

Molecular Cut and Paste: Site Specific Recombination 
Microbial site-specific recombinases have also been used to remove undesirable markers from GM plants. 

These enzymes act as molecular scissors for cleaving DNA at specific sites. They act as molecular glue, 

ligating the cleaved DNA fragments at a second target sequence. The gene encoding these enzymes is 

introduced along with the marker gene, which is flanked by palindromic sequences recognizable by the 

enzyme, and the gene of interest. When transformed cells have been selected, the recombinase gene can be 

activated by an external stimulus. The recombinases then cut out the marker genes and the genes for the 

enzymes themselves, making the resulting plants devoid of any selectable markers. 
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Jumping Along Chromosomes: Marker Deletion via Transposons 
The process that allows certain genes to ‘jump’ at some position on the plant genome and they can also be 

used to generate marker-free plants. The approach is similar to site-specific recombination, but the 

difference is of using transposons or jumping genes instead of a recombinase and recognition sites. 

Transposons contain a gene for a special enzyme, which identifies certain signals in the DNA. The enzyme 

makes cuts in the DNA fragment flanked by these signals and then integrates them randomly in the 

genome. The most considered transposons are those of the Ac/Ds family, which was firstly discovered in 

maize. Here in this special enzyme are Ac (activator) transposase and the Ds (dissociator) sequences the 

tag signals.    

The gene of interest or the marker gene can be located within the ‘jumping’ sequence, in such a way that 

two genes can be detached from each other after the activation of transposase. Though the system has been 

shown to be effective but marker removal efficiency by this approach is poor, because of low incidence of 

occurrence. This approach can also be time-consuming as breeding/segregation is required to separate the 

gene of interest and the marker gene. 

Conclusion 
Many approaches have been developed over the last several years and further improvements are now 

underway to eliminate antibiotic and herbicide markers. To eliminate residual recognition sequences at 

recombination sites, recently researchers have described procedures. Scientists are searching for ways to 

accelerate the selection of marker-less progenies after co-transformation or transposition. Novel marker 

elimination strategies based on gene targeting and homologous recombination have been reported. With 

these developments, the concern about an uncontrolled spread of antibiotic and herbicide resistance genes 

in the environment might become irrelevant in the future. 
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A healthy soil is the key for sustainable production. The soil management practices should focus on 

increasing soil organic carbon  to enhance soil health and support ecosystem functions.  The Climate Smart 

Agriculture  aims to achieve three objectives: 

1. Sustainable increase in agricultural productivity.  

2. Building resilience to climate change.  

3. To control and mitigate greenhouse gas emission  from agricultural sectors. 

Unsustainable Land Management Practices Promoting Soil Degradation 
1. Tillage-based  land preparation.  

2. Intensive mono cropping system. 

3. Imbalanced  fertilization.  

4. Faulty irrigation practice. 

5. Crop residue burning. 

6. Degradation of forests. 

Climate Change Soil Health Relationship 
1. Under changing climatic conditions, the frequency and distribution of  extreme climatic events may be 

altered. More  intense or erratic events may increase  runoff and soil erosion and decrease  groundwater 

recharge.  

2. Erratic rainfall coupled with prolonged drought periods may lead to soil moisture stress. Under moisture 

stress condition, plant availability of water and nutrient may suffer. 

3. Increased soil temperatures will enhance soil organic matter decomposition, increase salinization, 

evaporation rates, all of which will hinder plant growth and crop productivity. 

Possibilities to Increase Soil Organic Carbon Stock 
Soil organic carbon stock can be enhanced by adopting improved soil and crop management practices.  A 

number of climate smart  management practices can be adopted to enhance soil SOC stock, which are as 

follows:   

1. Recycling of crop residues and organic matter:  Recycling of crop residue and organic materials is one of 

the best options to enhance  soil organic carbon stock.  

2. Reducing tillage intensity: The adoption of conservation tillage system can promote soil aggregation and  

increase SOC stock. Residue incorporation along with reduced  tillage can remarkably increase SOC stock 

and increase productivity of dry lands. 

3. Integrated nutrient management:  Adoption of integrated nutrient management practices is one of the 

best strategies  to achieve the goal of food security and soil carbon build up.  

4. Soil surface cover: Cover crops are one of the best means to protect soil in fallow periods and also 

contributes to improve soil carbon stock. It has been estimated that incorporation of cover crops in crop 

rotation could compensate for greenhouse gas emissions from agriculture.  

5. Capacity building programme are to be taken up to improve farmers’ skill to adopt climate smart soil 

management practices  under changing climatic scenarios. 

  



 

 
Volume 3 - Issue 6 - June 2021       480 | P a g e  
 

Cryopreservation: A Tool of Germplasm Conservation 
Article ID: 11168 

K. Sowndarya1 

1Department of Agricultural Biotechnology, College of Agriculture, Kerala Agricultural University, 

Vellayani, Thiruvananthapuram- 695522 (Kerala). 

 
 

Cryopreservation is the technique of freezing cells and tissues at very low temperatures at which the 

biological material remains genetically stable and metabolically inert, while minimizing ice crystal 

formation. In general, when a tissue is subjected to low temperatures, ice crystals will eventually form. 

These crystals may disrupt the cell membrane leading to the death of the cell. Cryopreservation (Greek, 

Kryos = frost) means “preservation in the frozen state”. In practice, this is generally meant to be storage at 

very low temperature, e.g., over solid carbon dioxide, in low temperature deep freezers (-800 C or above), 

in vapour phase of nitrogen (-1500 C) or in liquid nitrogen (-1960 C). 

Generally, the plant material is frozen and maintained at the temperature of liquid nitrogen (-1960 C). 

Storage can be done in: 

1. Over solid carbon dioxide (at -79 degree).  

2. Low temperature deep freezer (at -80 degree). 

3. Invapour phase nitrogen (at -150 degree). 

4. In liquid nitrogen (at -196 degree) Cryopreservation. 

Theoretical Basis of Cryopreservation 
At this temperature, the cells stay in a completely inactive state. The theoretical basis of freeze 

preservation is the transfer of water present in the cells to the solid state. 

Advantages 
Once the material is successfully conserved to particular temperature it can be preserved indefinitely. 

1. Once in storage no chance of new contamination of fungus or bacteria. 

2. Minimal space required. 

3. Minimal labour required. 

4. Protected against the nature’s hazards. 

Steps of Cryopreservation 
1. Raising sterile tissue cultures.  

2. Addition of cryoprotectants and pre-treatment.  

3. Freezing.  

4. Storage. 

5. Thawing. 

6. Determination of survival / viability. 

7. Plant growth and regeneration. (Engelmann, 2004). 

Raising Sterile Tissue Cultures 
The morphological and physiological conditions of the plant material influence the ability of an explant to 

survive freezing at -1960C. Different types of tissues can be used for freezing such as the apical and lateral 

meristems, plant organs (embryos, endosperm, ovules, anther/pollen), seeds, cultured plant cells, somatic 

embryos, seeds, cultured plant cells, protoplast, calluses etc. In general, small, richly cytoplasmic, 

meristematic cells survive better than the larger, highly vacuolated cells. 

Addition of Cryopreservation and Pre-Treatment 
Cryoprotectants are the compounds that can prevent the damage caused to cells by freezing or thawing. 

The freezing point and super cooling point of water are reduced by the presence of cryoprotectants. As a 
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result, the ice crystal formation is retarded during the process of cryopreservation. Mainly pre-treatment 

is done in two ways. 

Encapsulation- Dehydration: In this method, explants are suspended in 3-5% sodium alginate solution 

and picked up to dispense individually into 100Mm CaCl2 followed by shaking. Well-formed beads, formed 

within in 10-20 min are dehydrated in sucrose – enriched media for a minimum period of 17 hr. Beads are 

later desiccated in laminar airflow cabinet before freezing in liquid nitrogen.  

Vitrification: It involves the treatment of tissues with cryoprotectants in vitrification solution followed by 

fast freezing. Most commonly used vitrification solution is PVS2 (Plant Vitrification Solution2) which 

contains glycerol 30%, dimethyl sulphoxide (DMSO) 15% and ethylene glycol 15%.Initially this procedure 

was developed for shoot apices, cell suspensions and somatic embryos but recently this technique has been 

applied to zygotic embryos and embryonic axes also. 

Freezing 
Freezing temperature depends on the sensitivity of species. There are: 

1. Slow freezing method: The tissue or plant material is slowly frozen at slow cooling rate (0.5-5°C/min 

from 0°C to -100°C). The advantage is the plant cells are partially dehydrated and survive better. There 

will be extracellular ice formation mainly used for suspension culture. 

2. Rapid freezing method: It involves plunging the vials in liquid nitrogen. The temperature decreases 

from -300 to -1000 degree rapidly. Mainly done to embryo culture and suspension. 

3. Stepwise freezing method: This is combination of both slow and rapid freezing method. The process 

is carried out in step wise manner. Cooled to intermediate temperature for 30 minutes and rapid cooling is 

done. Mainly done to embryo culture, shoot tip and suspension. 

4. Dry freezing method: In this method dehydrated cells and seeds are stored. Mainly done for 

recalcitrant seeds. 

Storage 
The maintenance of the frozen cells or material at specific temperature is very important. In general, the 

temperature is kept -70 to -196 degree. Prolong storage is done at temperature of -196 degree in liquid 

nitrogen. To prevent damage, continuous supply of nitrogen is done. 

Thawing 
For the reuse of frozen cell thawing should be done to maintain the cell to normal condition. Usually carried 

out by plunging the vials into warm water bath with vigorous swirling. As thawing occurs the vials are 

transferred to another bath at 0 degree. It is important for survival of the tissue that the tubes should not 

be left in the warm bath after the ice melts. 

Determination of Survival / Viability 
There is possibility of death of cells due to storage stress. Thus, viability can be found at any stage.  

It is calculated by formula: No of cells growing / no of cells thawed * 100 

Staining techniques using triphenyltetrazolium chloride (TTC), Evan’s blue and fluorescein diacetate 

(FDA). 

Plant Growth and Regeneration 
Mainly biophysical changes occur in the cell during freezing and thawing. The freshly thawed cell is 

strongly prone to further damage and requires appropriate nursing. Washing away the cryoprotectant and 

allow to grow in a regrowth medium with special additives. 

Applications 
1. It is ideal method for long term conservation of material. 

2. Disease free plants can be conserved and propagated.  

3. Recalcitrant seeds can be maintained for long time.  

4. Endangered species can be maintained.  
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5. Pollens can be maintained to increase longevity.  

6. Rare germplasm and other genetic manipulations can be stored. (Sakai, 2000). 

Limitations 
1. Formation ice crystals inside the cells should be prevented as they cause injury to the organelles and the 

cell.  

2. High intracellular concentration of solutes may also damage cells.  

3. Sometimes, certain solutes from the cell may leak out during freezing.  

4. Cryoprotectants also affect the viability of cells.  

5. The physiological status of the plant material is also important. 
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Floriculture farmers have suffered losses worth Rs 100 crore due to the lockdown and are still finding it 

difficult to export flowers due to increased freight charges. 

India has an estimated 2,000 acre of cut flower growing area under protected cultivation, with a daily 

production of 30-40 lakh stems, according to the Indian Society of Floriculture Professionals (ISFP). The 

export markets have completely crashed with the cancellation of weddings hitting flower growers hard. 

With temples closed for months and no-frill marriage ceremonies becoming a norm in the midst of the 

Covid-19 pandemic, marigold cultivation in the country has gone down by about 60-70 per cent. The 

demand for other flowers such as roses, chrysanthemums, gerbera, lilies, etc has also dipped in the market 

pushing the floriculture industry into a deep crisis. 

“The floriculture industry is functioning to 20-25 per cent of its capacity. The traditional open field 

cultivation of flowers has suffered heavily and at the same time players in protected cultivation (poly and 

greenhouse) are fighting for survival. An estimated 3,000-acre land across India is under protected flower 

cultivation which grows three main flowers - rose, gerbera and carnation. These flowers are in demand for 

marriage ceremonies, functions and festivals.  

Many farmers, following the end of agricultural season for paddy and other foodgrains, turn to horticulture 

crops — fruits, vegetables and flowers. The investment for raising flower gardens is anywhere between 

₹50,000 and ₹1 lakh per acre in open cultivation and those who raise flowers in about 1,200 poly houses , 

invest anywhere between ₹3 lakh and ₹4 lakh to raise orchids, carnations and roses. 
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Abstract 
Self Help Groups have evolved over the time to set their imprints in the community and society at large. 

They deliver value-based products and services to the society. At the time of pandemic SHGs work with 

more efficient and contribute toward our society. Government is rolling out various social developmental 

projects through SHGs. In line with this, the stakeholders are keen in bringing the SHG activities into the 

digital platform. This study exhibits the importance of digitalization and its role as a catalyst in enabling 

SHGs to deliver better performance. Also, it highlights the various digital platforms that welcome SHGs to 

bring their manual records to a digitalized data pool for better decision making and performance. 

Introduction 
In the year 2015 EShakti, pilot project for digitisation of SHGs was launched by NABARD in two districts 

and later expanded to 100 districts across the country during 2016 and 2017. It aims at digitisation of data 

of all SHGs for enhancing the ease of doing business with SHGs. This is also in line with Government of 

India’s “Digital India” mission. It is a project under which, the social and financial data of the Self-Help 

Groups and their members in the selected districts are digitised. Digitisation brings all the SHGs on to the 

technology platform and into the fold of Financial Inclusion, thereby helping them access wider range of 

financial services. This helps bankers in client appraisal and credit dispensation. 

Secured Digital Data of SHGs 
The USP of the EShakti project is ‘one-click’ availability of the social and financial information of the Self-

Help Groups maintaining Saving Bank accounts with the banks. The project has a dedicated website 

https://eshakti.nabard.org, in which information of the SHGs is uploaded monthly through an ‘App’, loaded 

on android based Mobile/Tablet by the animators engaged by implementing agencies viz. NGOs and select 

SRLMs.  The whole ecosystem is designed to capture all types of financial transactions and non-financial 

operations viz. meeting, decisions etc. at SHG level and store the same in digital form on EShakti portal. 

The data authenticity and transparency are ensured through sample audits. SMS alerts are sent to 

members on their savings and loan outstanding. MIS reports on groups are generated and progress can be 

tracked on a near time basis. 

A Glimpse of Journey so Far 
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Project Eshakti– Status as on 31 March 2020 
As on 31 March 2020, EShakti project has on boarded 6.54 lakh SHGs involving 71.54 lakh rural households 

across the length and breadth of the country. A significant indicator of the success of project EShakti in 

catering to the credit needs of the rural poor, is the increase in the bank credit linkage of the SHGs from 

2.14 lakh (33%) to 3.19 lakh (49%). The Project has strengthened the Financial Inclusion Programme of the 

Govt. by incorporating various social security schemes of Govt. like PMJDY, PMSBY, PMJJBY, APY etc. 

The data in EShakti was used to enroll SHG members in these schemes. This resulted in opening/ 

enrolment of 4.00 lakh new accounts. The FI drive also resulted in capturing of data of 10.05 lakh new as 

well as pre-existing accounts. Towards further leveraging EShakti Data, a Credit Intensification drive was 

initiated (from January 2020 to March 2020), to improve coordination with banks, visibility of the EShakti 

project and enhance credit linkage in EShakti implementing districts. As an outcome of it, loans amounting 

to Rs.248.75 cr was sanctioned out of which Rs.199.70 cr was disbursed to 13,126 SHGs till 31 March 2020. 

Covid-19 Pandemic and Eshakti-SHG Tales of Courage and Compassion 
Though the spread of the COVID-19 virus severely impacted the livelihood of SHG members, this pandemic 

and the related challenges inspired many a tales of courage and compassion from every corner of our 

country. SHG members found a greater meaning and purpose of life during the testing times by not only 

pursuing economic activities of their own but also by helping our society by providing food, grocery, clothes, 

necessary items and COVID 19 preventive kits. As on date, lakhs of Handmade Masks, PPE Kits, Litres of 

Disinfectant and Sanitisers, Handwash, Food-items, Grocery kits and scores of other useful items are being 

produced to combat the raging COVID-19 crisis. All NABARD Regional Offices implementing EShakti 

project, are playing a leading Role to facilitate the above SHG efforts in partnership with Implementing 

Agencies, State/ District Administrations, State Rural Livelihood Missions, Channel Partners etc. under 

the Anti COVID-19 EShakti SHG Drive. In its endeavour to leverage EShakti platform that hosts financial, 

social, demographic and livelihood data of lakhs of EShakti SHGs across the country, NABARD sent a 

series of “COVID-19, Stay Safe” Health Advisory SMS, to all its members including the Animators working 

in the field. Around 40 lakh such SMS in English and vernacular languages have helped disseminate 

awareness on preventing/ curbing COVID-19 spread in the country. The Mega Anti COVID-19 Drive run 

by SHG members across the length and breadth of our country, has scripted a Golden Chapter in the 

History of Mankind. 

Conclusion 
Under EShakti, the ultimate objective is to digitize all active SHGs in the country in an incremental 

manner. As the EShakti project achieves scale and momentum, updation of data on real time basis and 

utilizing the data for credit enhancing become the most important aspects for the success of the project. 

The future strategy will be focused on infusion of technological innovations to establish EShakti platform 

as an output oriented, user-friendly and robust “One Stop Solution” on Digitisation of SHGs. 
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Conservation agriculture (CA) is a combination of agricultural management practices that involves 

minimum soil disturbance, crop rotation, and permanent soil cover.  Thus, CA aims to conserve, manage, 

and use natural resources more efficiently through CA-based technologies. Conservation tillage-based 

practices along with residue management can  influence soil properties as described below: 

1. Soil temperature: Surface residues play a significant role in moderating soil temperature by maintaining 

balance between radiant energy and insulation.  

2. Soil physical properties: Tillage  affects soil crusting, hydraulic conductivity and water holding capacity.  

3. Surface residue cover helps  to protect the soil aggregates against dispersion.  

4. Conservation agricultural practices helps to improve soil organic carbon by addition of crop residues,  

green manures and legume incorporation in the rotation.  

5. Better soil organic matter under conservation agricultural practices promotes water-stable aggregates. 

6. The conservation agriculture practices increase soil organic matter and  promotes soil biological 

properties. The management practices like crop rotation, minimum tillage, cover crop and intercropping 

improve soil fertility by increasing soil organic carbon and nutrient recycling due to higher residue 

retention. The crop rotations promote soil biodiversity. 
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Introduction 
Small and marginal farmers account for 86 per cent of the operational holdings in India. Though there is 

increase in production over the years, the productivity and the economic condition of the small and 

marginal farmers is stagnant. Their economic condition is worse off due to various factors, the major being 

that they have weak bargaining power both in input and output markets. 

This condition can be improved by providing and strengthening their access to credit, inputs, market 

information and extension services. These needs can be met through the provision of advisory services to 

farmers. 

Advisory services refer to all the different activities that provide the information and services needed and 

demanded by farmers to assist them in improving their livelihoods by developing their skills i.e., 

management, technical and organizational skills and practices. (GFRAS, 2011). 

Rural advisory services, in the agricultural system across the world are provided by private, public and 

civil society organizations. FPOs are one of such organisations. 

Farmer Producer Organizations 
In the above context, collectivisation of agricultural producers can help them in earning more returns 

through collective input purchase, collective marketing, processing, increasing productivity through 

procuring better inputs, augmenting knowledge of farmers in proper management practices. 

The concept of Farmer Producer Organizations (FPOs) consists of collectivization of producers i.e., farmers 

small and marginal farmers in particular so as to form an effective alliance to jointly address many 

challenges of agriculture and to provide improved access to investment, technology, inputs and markets to 

the member producers. Farmer Organizations (FOs) are vital for alleviation of poverty, empowerment and 

advancement of farmers and the rural poor. 

Facilitators for Formation of FPOs 
The facilitators for the formation of Farmer Producer Organizations are Small Farmers’ Agribusiness 

Consortium (SFAC) and NABARD. 

Small Farmers’ Agribusiness Consortium (SFAC) 
Small Farmers Agribusiness Consortium (SFAC), through FPOs, intends to work closely in support of the 

Department of Agriculture & Cooperation and the various state governments to enhance production, 

productivity, and profitability of small farmers in the country. 

Farmers will be organised in small neighbour-hood informal groups which would be supported under the 

program to form associations/organisations relevant to their context including confederating them into 

FPOs for improved input and output market access and negotiating power. 

It operates a credit guarantee fund to mitigate credit risks of financial institutions which lend to the FPOs 

without collateral. 

This helps FP0s to access the credit from mainstream financial institutions for establishing and operating 

business. It also provides matching grant equity up to Rs. 10 lakhs to the FPOs to enhance borrowing 

power, and thus enables entities to access bank finance. 
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National Bank for Agriculture and Rural Development (NABARD) 
NABARD provides financial support to FPOs only through project mode through two financial products. I. 

Lending to FPOs for contribution towards share capital on matching basis (1:1 ratio) to enable the FPO to 

access higher credit from banks and II) Credit support without collateral security for business operations 

to FPOs which are eligible under Credit Guarantee Scheme of SFAC. Besides this NABARD also provides 

technical, managerial and financial support for capacity building and mark efforts of the FPO. (Yadav et 

al., 2020). 

Types of FPOs Based on the Services Provided 
No. Type Example 

1. Market 

Oriented 

In Kerala, India, the Vanilla India Producer Company Limited (a cooperative) 

worked in tandem with vanilla growers to produce high-quality beans and 

extracts, and marketed them professionally to ensure dividends and bonuses for 

its members (Murray 2009)  

2 Input 

Oriented 

Mangalagiri Agricultural Producers’ Company Limited registered in 2015, 

provides input supply i.e., seeds, fertilizers, pesticides and benefit farmers by 

reducing their seeds and fertilizers costs upto 15 %. Farmers benefit to the 

extent of 10 per cent through their collective marketing to Duggirala market. 

(Raju et al., 2017) 

3 Extension 

Oriented 

In India, the Krishikabandhu Farmer Producer Company Limited trained its 

members on a new technology for producing red gram, setting up a nursery to 

grow saplings, and sharing knowledge on how to plant them out. The Kirtinagar 

Valley Association trained its members – female smallholder farmers – in spice 

seed production to produce certified seeds for producer groups (SFAC 2013). 

4 Policy and 

advocacy  

The Kenya National Farmers’ Union lobbies to promote and protect farmers’ 

interests, and represents farmers on various forums. Similarly, the services 

provided by Zambia National Farmers Union to its members include 

negotiations with government on issues related to farmer’s interests, taxes, 

legislation, and property rights, as well lobbying activities. (GFRAS, 2011). 

FPOs as Agro Service Providers 
The involvement of FPOs in the provision of rural advisory services has been identified as a solution to the 

limitations of both the hierarchical public sector extension system and market- driven private sector 

extension systems. Many producer organisations already have rendered services, both in articulating 

farmers’ demands and in supplying diverse rural advisory services. Producer organisations contribute to 

rural advisory services in many different ways depending on their aims, objectives, vision and resources. 

This can be illustrated by the example of the following case studies. 

Ayakudi Guava Producers Company Limited 
Under the World Bank funded National Agricultural Innovation Project (NAIP), the researchers of TNAU 

facilitated the Guava growers of Ayakudi to register this company under Company’s Act with Small 

Farmers Agri-Business Consortium (SFAC) in 2009. The registered name of the company is ‘Ayakudi 

Guava Farmers Producers Company Limited (AGFPC Ltd.)’. The producer members (750) of the company 

are hailing from about 25 villages of five taluks of Dindigul district of Tamil Nadu.  There are about 100 

women members. This producer organization provides agro services by providing input supply like organic 

and inorganic fertilizers, plant protection chemicals, micro-nutrients, bio-formulations, farm implements 

through wholesale prices to member producers. In addition to input supply, they also provide services like 

training, introduction of innovative technological interventions, provision of agro advisory services by 

professional graduates, formation and strengthening of group.  (Venkattakumar et al., 2017). 

Mulukanoor Women’s Cooperative Dairy Society 
Established in August 2002, the Mulukanoor Women’s Cooperative Dairy Society sets an example for 

collective action and rural women empowerment. Mulukanoor Women’s Mutually Aided Milk Producers 

Cooperative Union Ltd (MWCD) markets all its products under the brand name Swakrushi. It has been 
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playing a prominent role in empowering rural women in the economic and social management spheres. It 

provides training to the members, advisory services and input services. (SFAC, 2013). 

Suraksha Farmers Producer Company Ltd (SFPCL) 
Suraksha Farmers Producer Company Ltd (SFPCL) in Medak district also provides technical, networking, 

input, marketing and financial services.  

Other such FPOs that provide advisory services to the member farmers are Jagannath Crop Producers 

Company Ltd., Odisha, Chetna Organic Agriculture Produce Company (COAPCL), and Chetna Organic 

Farmers Association (COFA), Telangana, Pashusamvardhan Producers Company Ltd., Maharashtra, 

Dhari Krushak Vikash Producer Company Limited, Gujarat,  Rangsutra in Kerala, Vegetable Growers 

Association (VGAI), Narayangaon Pune Sahyadri Farmer Producer Company, Nasik PAAYAS Milk 

Producer Company, Jaipur, Maahi Milk Producer Company, Gujarat and Nachalur Farmer Producer 

Company, Tamil Nadu. (Paty and Gummagolmath, 2018). 

However, not all FPOs have the required capacities to carry out all these functions. 

The strengths and challenges faced by the FPOs as agro services providers include the following. (Toillier 

et al., 2015).  
Strengths Challenges 

Demand Side Capacity to identify and synthesize 

needs and solutions for farmers.  

Capacity to participate in agricultural 

policy processes that contribute to the 

monitoring and evaluation of RAS. 

Involving members in the production and 

marketing of a commodity. 

Developing appropriate data collection 

systems for producers’ contexts, and 

capacities to contribute to learning within 

producer groups. 

Reinforcing social capital within and 

between communities in order to avoid 

superficial participation of members. 

Supply side Flexibility to engage with various actors 

i.e., NGOs, Value chain actors etc. 

Ability to facilitate peer learning 

between members and organizations. 

Good conditions for diffusion of new 

techniques (organized networks of 

farmers that facilitate diffusion).  

Intensifying partnerships with other              

actors in the agricultural innovation system. 

Ensuring transparent information provision 

about the actions of the leaders of PO.  

Building poor people’s capacity to challenge 

exclusion, especially through the promotion 

of their rights. 

Strengthening PO capacities for good 

governance, organizational management 

and federal-level coordination.  

Conclusion 
Farmer Producer organizations form the interface between farmers and their socio- economic and 

institutional environments. Many FPOs have rendered services, both in articulating farmers’ demands and 

in supplying diverse rural advisory services. But, only few FPOs have the required capacities to carry out 

Agro advisory services. Since, the FPO has been considered to be the way forward for enhancing farmers’ 

income and boosting agricultural growth, in order to build sustainable FPOs, favourable ecosystem is 

needed in addition to certain policy reforms particularly in the agricultural marketing systems. 
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Introduction 
Agriculture is the backbone of the Indian Economy where more than 70% of population is depending on 

agriculture directly and indirectly. Agriculture contributes 20.5% share to GDP. After green revolution, it 

is gradually shifted from subsistence to commercial agriculture. Now farmers are well aware of cultivation 

of commercial crops and earning foreign exchange by exporting surplus products to other countries. 

Coffee Production 
Coffee is one of the commercial crops. It is also known as ‘Brown gold’. It is used in making coffee, beverages, 

pharmaceuticals and cosmetics. It is the second most traded commodity in the world after oil. Of all the 

beverages worldwide, coffee is the most stimulating and mood elevating non-alcoholic beverage 

(G.W.NAAKUBUZA et al., 2001). Coffee is originated from Ethiopia and it belongs to the family Rubiaceae. 

It is being cultivated at large in hilly areas. Presently, this crop is seen in AROUND 70 countries. Brazil is 

the top most coffee producing country in the world , which produces around 2,592,000 MT. India is at 7th 

position in coffee production. 

There are nearly 100 coffee species but only two species are cultivated commercially in large scale around 

the world. They are Coffea Arabica and Coffea robusta. In India, Baba Budan, a Sufi saint introduced coffee 

in 16thcentury. In our country coffee production seen in mostly hilly areas of south Indian states. 

Karnataka, Kerala, Tamilnadu states of coffee production are called as traditional areas of coffee 

production. Andhra Pradesh, Orissa, Assam and North Eastern states are called non-traditional areas for 

coffee cultivation. Karnataka is leading producer of coffee which is contributing 70% of total production in 

India followed by Kerala and Tamilnadu. India is exporting coffee to 45 countries. Coffee cultivation in 

India assumes importance not because it provides foreign exchange through exports but also from the 

perspective of livelihoods of large number of small growers and plantation workers (Deepika and Jyotishi, 

2013).  

Andhra Pradesh is the one of the non-traditional regions of coffee cultivation which is producing 10,550 

MT. Mr. Brodi, a Britisher, was first person to introduce coffee in Pamuleru valley in East Godavari district. 

After it spread to other parts of the district including the tribal areas of Visakhapatnam, Srikakulam.   

Now in Visakhapatnam, coffee is grown nearly in 11 mandals in 76,155.95 hectares. Araku coffee is a 

famous brand and it got GI tag in 2019. Here it is cultivated at an altitude of 900-1100 m. MSL in medium 

acid soils. The uniqueness of Araku coffee is due to its sole properties, texture and size of beans. This unique 

feature brought the global recognition to it. Here, Arabica coffee cultivated mostly with pepper as an intern 

crop. It is marketed by the tribal farmers cooperatives. Coffee cultivation acts as livelihood for 93,000 tribal 

families in Visakhapatnam district. 

Coffee Marketing Environment 
Specialty Coffee Association rated the Araku coffee 90 out of 100. Naandi Foundation, a non-governmental 

organisation established a processing unit which enables the collection of coffee berries directly from the 

farmer and eliminates the middle man which helps to enhance the farmers share in consumers rupee. This 

foundation also arranges the transport facilities for further handling of the coffee produce. It also made 

efforts towards the recognition of Araku coffee as a brand itself. This foundation also developed the 

Arakunomics – a model which that “brought together 25,000 people from across 720 villages and made a 

positive difference to one lakh tribals in the valley,” quips Vikash. 
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Araku originals, a social enterprise formed by Anand Mahindra who is the chairman of Mahindra & 

Mahindra and Naandi foundation also Introduced the Araku Coffee stores in Paris, 2017. It is also selling 

the coffee in online in India. 

Girijan cooperative Plantation Development Corporation (GCPDC) which is promoted by Girijan 

Cooperative Corporation Limited (GCC) is responsible exclusively for development of coffee plantations in 

Tribal areas. GCC also helps in Marketing of Coffee by tribal farmers along with other products produced 

by tribal farmers.  

Coffee board have a total control of Marketing of every bean of coffee which is produced in our country. All 

the growers were required to pool the coffee with the board. Then the growers receive payment to their 

produce according to quality and quantity of the coffee delivered by them. Andhra Pradesh Forests 

Development Corporation (APFDC) in Andhra Pradesh involved in selling of coffee through open auction 

system in Vijayawada from 1992 onwards. 

Uma Devi (2001), identified the following marketing channels of Araku coffee: 

 

Conclusions 
1. Andhra Pradesh is the one of the non-traditional regions of coffee cultivation. Only Visakhapatnam 

district is producing coffee in Andhra Pradesh.  The major problems faced by coffee growers are Insufficient 

showers& blossom, Non- availability of labour, high market fluctuation, exploitation of middlemen, 

insufficient market information, lack of coordination among different agencies, lack of support prices etc. 

2. Marketing of coffee is done through involvement of NGO’s, Government organisations and cooperatives 

etc. 
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Introduction 
One of the new dimensions and trends in social sciences linking farm to table is Market led organic farming. 

Majority i.e., about 70% of our population business dependents on Agriculture. 

(http://www.fao.org/india/fao-in-india). India ranks first in organic farmers, ninth in terms of area under 

organic farming. (http://agriexchange.apeda.gov.in/ news/NewsSearch). The country exported organic food 

products worth more than $500 million in the year 2017-2018,up by 39 percent from the previous year and 

at present the organic food market reached a value of USD 849.5 million in 2020 and the market is projected 

to grow at CAGR of nearly 20.5% in the forecast period of 2021-2026. 

(https://www.expertmarketresearch.com/reports/india-organic-food-market). 

The market is estimated to reach a value of about USD 2601 million by 2026.The major market drivers are 

rising disposable income of increasing population, raising health consciousness and consumer spending on 

health and wellness program, Quality of food is on highest priority for the country as much as the health 

in this pandemic. 

The Government of India is encouraging sustainable agriculture through financial assistance to farmers 

under various government schemes. Major organic exports from India are flax seeds, sesamum, soyabean, 

tea, medicinal plants , rice and pulses. Quality of food is on highest priority for the country as much as the 

health. The major distribution channels for the market include markets, supermarket, speciality stores, 

convenience stores, and growth in e-commerce has acted as a catalyst for the industry to reach out to the 

customers in Tier – 1 cities and predicting an increased penetration of organic foods in Tier-2 and 3 cities 

in the years to come. 

Role of Extension in Market Led Organic Farming 
To meet the demands of the future competitive market, Market Led Extension plays an important role.  

The Enhanced role of Extension personnel in Market Led Extension is as follows. 

1. Formation of Farmers Interest Group or Farmers club. 

2. SWOT analysis. 

3. Enhancing Communication Skills. 

4. Establishing Marketing Linkages. 

5. Advice on produce planning. 

6. Promoting Direct Marketing and use of IT. 

From the above mentioned, establishing marketing linkages, formation of farmers club and  use of IT are 

the prominent factors in enhancing the role of extensional personal in Market Led Extension. Further, 

farmers groups, contract farming and ICT in supply chain management are the three factors facilitating 

easy marketing of products. 

“Without leadership and organization, a community tends to stagnate, and even talented individuals within 

the community struggle to escape from the shackles of underdevelopment” (Grobler, 2002). 

Farmers’ Groups 
Effective farmer groups are the “vehicle” to work collectively towards change at farm level and can help 

with the empowerment of farmers. (Stevens, J.B. and Terblanche, S.E., 2004).This indicates that the 

quality of facilitation and attention required to the social processes of group development are crucial factors 

for sustainable agricultural development. 
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Contract Farming 
Contract farming is an important tool for transforming subsistence to commercial farming thus 

contributing to poverty reduction. To avail the benefits of the contract farming, farmers groups should be 

formed and the organic agriculture products should be grown  on contract basis. Potential benefits of 

contract farming include access to markets, credit, telephony and skill development, inputs, increased 

income and Reduced price and production risks. The comparative profit analysis of contract farmers and 

not contract farmers reveals that contract farmers are more benefited. 

Integration of ICTs 
ICT integration in production and market linkage of organic produce plays an important role. When the 

supply chain management is associated with ICT, it results in reduction in interaction and transaction 

costs and has an influence on logistics, procurement, vendor relationship management, and customer 

relationship management. Information and Communication Technology also helps in dissemination of 

timely, need-based and relevant information to farmers. ICTs to deliver information to farmers, largely 

focus on mobile telephony, in areas where internet infrastructure is limited and unreliable. 

Conclusion 
Indian budget 2021 has given focus to organic agriculture which results in benefits such as sustainable 

farming, preventing the soil loss, minerals, balancing the ecology, helps in building rich agro-biodiversity 

which leads to self-reliant and healthy ecosystem. Majority of the farmers in India are small and marginal. 

Their constraints to grow organic produce include higher cost of inputs, lack of direct marketing platform 

and long certification process of organic produce. Hence, collectivisation of farmers into farmers groups can 

improve their access to both input and output markets. Farmer groups are one of the aspects for contract 

farming of organic agriculture and when ICT are included in supply chain management creates 

profitability, reduces time, increases employment opportunities. ICT Oriented Smart Supply Chain 

Management for Organic Agricultural Products in Asia helps to decreases cost and gives immediate 

feedback which helps for further business development. 
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One of the major concerns in modern Indian agriculture is the pollution and contamination of environment 

due to excess application of urea fertilizer. The harmful effect of excess urea application is of great concern 

in environmental pollution, as the effect does not restrain only within soil, but spread into water and air  

and ultimately reaches to the food chain. Non judicious application of chemical fertilizer leads to 

environmental pollution and deteriorates soil, water and  human health. Many studies on contamination 

of soil, groundwater, surface water and air by Nitrogen fertilizer and a few researches on impact of Nitrogen 

fertilizer on human health are being conducted by various researchers. All these cases the researchers 

mentioned that the cause of contamination is heavily fertilization above the recommended level. The 

studies show that long term application and excessive deposition of nitrogen fertilizer in soil effect on 

biological and biochemical activities of soil as well as reduce the fertility. However, the farmers of 

developing countries are using excessive amount of urea fertilizer in crop production for high yield 

expectation. This may further aggravate the problem of increasing nitrate in food as well as in drinking 

water.  

From the experimental results and available literature, it is concluded that when urea is applied in excess, 

the nitrogen fertilizer gradually and migrates towards the higher depth by leaching which may 

contaminate the soil as well as groundwater. Moreover, the absorbed nitrogen by the plant does not 

completely assimilated for their growth rather, accumulates in plant and grain in excessive amount which 

is extremely higher than the allowable limit for human and even for animal. The post period of green 

revolution has led to environmental pollution due to disproportionate use of agrochemicals and fertilizers 

and thus threatened the fragile ecosystem. However, excess use of urea to achieve more productivity 

directly affects soil earthworm population which are the best friend of soil. Therefore, recently, much more 

attention is paid to soil health and environmental safety issues.  

Soil microbes are reduced due to the excess use of nitrogen fertilizer and water contamination risk is 

increased. The functional diversity of soil microflora and nematode populations are consistently decreased 

with the excess application of Nitrogen fertilizer. Earthworms are an important indicator of soil ecosystem 

health and safety issues. Thus, it is important for the presence of earthworms in the soil to preserve its 

structure and function, particularly in agricultural fields. Studies on ecological toxicity of excessive urea, 

in both their single and joint effects, on earthworm Eisenia fetida indicated harmful effect of excess urea 

application on soil earthworm population. The over application of nitrogenous fertilizer elevates the level 

of nitrate in drinking water and rivers. Excess application of urea may cause air pollution by nitrogen 

oxides emissions and  contributes to  the greenhouses effect. Therefore, to control the harmful effect of urea 

fertilizer, fertilizer application should be based on soil testing result Fertilizing should be applied  in right 

dose, right method and right time. 
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Introduction 
Self-Help Group or in-short SHGs is now a well-known concept. It is now almost two decades old. Self-help 

groups (SHGs) play today a major role in poverty alleviation in rural area. It is reported that the SHGs 

have a role in hastening country’s economic Development. SHGs have now evolved as a movement. Mainly, 

members of the SHGs are women. Consequently, participation of women in the country’s economic 

development is increasing. They also play an important role in elevating the economic status of their 

families. Women constitute around 50% percent of the total human resources in our economy. This has led 

to boost the process of women’s Empowerment. Women development activities must be given importance 

to eradicate poverty, increase the economic growth and for better standard of living. The SHG promotes 

small savings among its members. Self-Help Group (SHG) is a small voluntary association of poor people, 

preferably from the same socio-economic background. During lockdown due to covid 19 Million of Indians 

had started migrating back home after losing their livelihoods in big cities. Amidst all this, hundreds of 

Self-Help Groups (SHGs) across India rose to the occasion to help the country fight the pandemic. 

Concept and Function of Self-Help Groups 
Self-help Groups (SHGs) are the voluntarily organized homogenous groups consisting of 10-20 members 

with common goals and desires. The basic aim of Self-help Groups is to give financial support to its 

members. Self-help Groups have emerged through the approach of self-help. It is thought that 

entrepreneurial activity, borrowing and lending money, group meeting, training, mutual help of the 

members of Self-help Groups can give economic security, strong psychology and empowerment to its 

members within and outside of their home. These small affinity groups by the support of outsiders can 

effectively manage and support its members to involve in multiple socio-economic activities and 

enterprises. It can be said that Self-help Groups are ethically important; Self-help Groups are not only for 

providing employment to the poor and eradicate poverty, but also to empower the poor and vulnerable 

women by helping each other. Self-help Groups in connection with microfinance have played an important 

role for the improvement of socio-economic conditions of the poor. Self-help Group is defined in the National 

Bank for Agriculture and Rural Development (NABARD) literature as a small, economically homogenous 

and affinity group of rural poor voluntarily formed to save and mutually agree to contribute to common 

fund to be lent to its members as per group decision. 

Women Empowerment through SHGs 
Women empowerment in general refers to political, economic, social and cultural balance in which men and 

women would be ensured equal distribution of all values and both men and women would equally attempt 

to do any activity. The empowerment approach wants to see women empowered through self- reliance, self-

dependence and self-economic liberty. 

PAN India Covid-19 Initiatives taken by SHGs 
COVID-19 has adversely affected the lives of everyone in its wake, but more so the poor and quite severely 

too. There was loss of livelihoods, lack of food, shelter, medicines and no access to other basic needs. During 

these difficult times, several service-oriented individuals, SHGs, Voluntary Agencies and NGOs came 

forward and extended their help in association with the Govt. Deptts., NABARD ROs, DDMs and others. 

SHGs and their members across the country rose to the occasion and played a major role in coping with the 

situation and took the responsibility of providing basic necessities to the poor and vulnerable sections of 
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society. A few of the initiatives undertaken in various villages, districts and states for combating COVID-

19 and adapting to the changing environment are enumerated below : 

1. Mask Making and Distribution: Hundreds of SHGs were involved in making and supplying lakhs of 

masks within a very short span of time. One SHG of Valsad district of Gujrat had prepared 1.00 lakh masks 

and DAY-NRLM. Samavesh Sai Kripa SHG comprising 8 members of specially /differently abled men/ 

women worked round the clock to achieve the task of stitching 8,ooo masks. 

 

2. Distribution of Food Kits: Food kits containing essential items like rice, dal, potato, onion, oil, soaps 

etc. were distributed to the needy. In Telangana, SIRD agency involved in NABARD supported FPO project, 

TDF, MEDP/LEDP etc., was selected by the district administration to distribute vegetables in Wanaparthy 

town (telangana). They have engaged 03 vans and each van covered around 200 families per day. The SHG 

members are operating the vans and sales of around 10000/- per van is reported for vegetables and fruits. 

One agency by the name Rural Development Society, distributed masks and food to stranded labourers 

through their SHG members. 

3. Community Kitchens: Community kitchens were set up for hundreds of hungry people. Society for 

Rural & Youth Educational Advancement (SRYEA) with volunteers of 15 SHG members from 3 SHGs were 

involved in ‘Food on Wheels’ providing cooked food to hungry and destitute people. Jai Ambe Mission 

Mangalam, Krish Sakhi Mandal, Jai Goga Sakhi Mandal SHGs of Mehsana district of Madhyapradesh  

prepared food packets of 250 gram each of dry snacks by working in day-nights on rotation basis. They 

distributed 200 packets daily to the poor people. 

4. Awareness Camps: Many agencies have conducted awareness camps in village communities, public 

places and gatherings on hygiene and social distancing. These camps helped the poor people immensely in 

taking the required precautions. 

5. Banking Services: Andaman and Nicobar StCB rose to the occasion by providing essential banking 

services to the elderly, Physically Handicapped etc. through door-to-door delivery of banking services. The 

staff delivered pension to 16,560 pensioners across 45 branches. Seven BCs covered 24 villages, for 4706 

transactions involving an amount of R61.00 lakh for both deposits and withdrawals. This was a great help 

for the old people, patients, divyangs, uneducated etc. 

6. Other Initiatives: AMAAPCO provided dry cattle feed of 55 tonnes in Andaman and Nicobar Islands 

during two lockdowns. Voice of Compassion to India (VOCI), an NGO with the help of SHG members 

prepared 600 litres of phenyl, 400 cloth bags, 250 bottles of health drinks and distributed amongst COVID 

Warriors. 

Conclusion 
As per a report by the Ministry of Rural Development, over 132 lakh masks were produced by 14,522 SHGs, 

involving 65,936 members in 399 districts (across 27 states) in one month. Over two lakh women had been 

involved in producing close to 10 crore masks across 27 Indian states. In fact, they have also helped in the 

production of over three lakh litres of sanitiser, and about 50,000 litres of hand wash. SHGs and collectives 
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in India are supported by the National Rural Livelihoods Mission (NRLM). Launched in 2011, the NRLM 

has scaled the SHG model to about 28 Indian states and 6 UTs, reaching out to over 67 million people. 

Social Story interacted with SHGs, cooperatives, collectives, and organisations to understand the efforts 

put by millions of people in this informal employment sector. 
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In the present scenario agriculture waste management is a challenge as about 435.98 million tons of agro-

residues are produced every year, out of which 313.62 million tons are surplus. The major crop residues 

produced in India are paddy straw,  pulses (pigeon pea), oilseed crops (castor, mustard), maize stover and 

cobs, cotton and jute sticks, sugarcane trash, leaves, fibrous materials, etc... Crop residues if not managed 

will cause considerable problems as they accumulate. (Srinivasrao et al. 2013)  

On the other hand, these residues can be efficiently utilized for biochar production as a viable option. It 

involves the conversion of organic waste to produce biochar using the pyrolysis process that can enhance 

natural rates of carbon sequestration in the soil, reduce farm waste and improve the soil quality. 

Biochar has the potential to increase conventional agricultural productivity. Converting waste biomass into 

biochar would transfer very significant amounts of carbon from the active to inactive carbon pool, 

presenting a compelling opportunity to intervene in the carbon cycle. The use of biochar as a soil 

amendment is proposed as a new approach to mitigating man-induced climate change along with improving 

soil productivity. The available waste residues from agriculture, forestry sectors, and wastes from cities 

together could mitigate greenhouse gas emission from 4.8 to 10.7% in the total net emission with a 

contribution of about 25 to 55% from the agriculture sector in India (Rajagopal et al., 2018). 

Biochar 
Biochar is the carbon products, gained while the raw materials, like the forest, animal compost, and plant 

residues, is heated in a closed storage place without air, or  Biochar is created by seeming thermal 

decomposition of organic substance below the incomplete supply of (O2) oxygen, and at comparatively low 

temperature (<700˚C) (Lehmann, J.S., 2009) 

It is normally associated with plant biomass or bio waste materials contained within the carbon (BC) 

continuum. Biochar differs from charcoal with its purpose of use, which is not for fuel, but atmosphere 

carbon capture and storage and application to soil. 

Production 

Fig, 1: Flow chart of process involved in biochar production 

Benefits 
1. Mitigation of global warming through the application of stable carbon into the soil-  

2. Waste management 

3. Production of bio-energy 

4. Soil health and productivity improved 

5. Used as a soil amendment to reclaim alkaline pH. 
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Application in Agriculture 
1. Soil fertility management due to high char, increasing organic matter content of the soil, and enhanced 

N, P, K, and Ca status. 

2.  Soil amendment in alkali soils. 

3. Improved fertilizer use efficiency with biochar application maintaining crop yields. 

4. Higher biological nitrogen fixation with biochar due to nutrient effect. 

5. High yield and nutrient 'N' uptake in maize, groundnut, rice, and forest trees.  

6. Decrease the nutrient leaching in soil and thus enhance nutrient cycling and also protest against 

leaching losses.  

7. Application of biochar improves soil physicochemical and biological properties of soil. 

8. Additional impact on greenhouse gas balance. 

9. It is an effective sorbent of pesticides and other organic compounds. 

10. Retention and release of heavy metals and nutrients. Biochar absorbs metals in sequence N < Cd < Cu 

<Pb. 

Implications or limitations 
1. Binding and deactivation of agrochemical (herbicide and nutrient) in soils.  

2. Release of toxicants that may be present in biochar (heavy metals). 

3. Biochar strongly binds pesticides (organic compounds) and inhibits their microbial degradation resulting 

in reduced bioavailability and efficiency to plants. 

4. Weathering of biochar in soil lead to immobilization of N.  

5. Changes in soil pH due to increasing pyrolysis temperature. 

6. Bioavailability of toxic elements like aluminum due to changes in soil pH. 

7. Phytotoxic compounds present in biochar restrict the plant germination and seedling. 
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The phyllosphere is community of microorganisms that live under symbiotic relationship with plants, 

particularly on the leaves, stems, buds, flowers, that is, in the aerial parts of the plant. Phyllosphere is 

divided into the epiphytic habitat (phylloplane) comprising the leaf surface and the endophytic habitat 

(endosphere) including the inner leaf tissues (Khawar et al. 2010). Phylloplane mycobiota has been 

categorized into two main groups, residents and casuals. The resident fungi multiply on the surface of 

healthy leaves without affecting the host whereas, land on the surface of the leaf but cannot multiply 

themselves (Norse, 1972).The microbial abundance in phyllosphere is due to the availability of nutrients 

like sugar and amino acids, leaves with heterogenous topography(elevations in leaves, epidermal cells, and 

grooves between epidermal cells, stomata, trichomes, hydathodes and glandular trichomes) , the leaf 

surface can act as a landing stage for spores and other propagules in the air(act as a spore trap), and the 

activities of different insects(presence of honey dew from aphids) (Remus‐Emsermann and Schlechter, 

2018). Endophytic fungi are fungi that live in the living tissue of various plant sections, such as the root, 

fruit, stem, seed, leaf, etc. and establishes a mutual relationship with the host without causing apparent 

disease or dysfunction. The antagonistic activity of endophytic fungus against various plant diseases, effect 

on photosynthesis, protection from biotic and abiotic stresses, defensive role against herbivory, 

phytohormone production, and so on are all functional characteristics of endophytic fungi (Bailey et al. 

2006). There are different mechanisms by which phylloshere fungi might reduce pathogen population size: 

by competition for resources, by production of toxic or inhibitory metabolites, by parasitism of the pathogen, 

or by triggering defensive responses in the plant (Redman et al.1999). 

Role in Plant Growth and Development 
1. To act against hastening of leaf senescence caused by pathogenic microbes. 

2. Antagonise the growth of pathogenic fungi. 

3. Neutralize the toxious effect of gaseous pollutants. 

4. Plant metabolism like nitrogen Fixation.  

5. CO2 reduction. 

6. Supplying of growth regulator like substances. 

7. Lignification of cell wall. 

Challenges Faced by Phyllosphere Microbes 

(Remus‐Emsermann and Schlechter, 2018). 
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Constraints 
1. Lack of sequence data of microbial diversity is still unknown. 

2. Most of the studies consider a single guild of a single group of organisms (Each group is considered 

separately). 

3. Many groups are difficult to identify and taxonomically unresolved. 

4. Tissue specificity of endophytes poorly understood. 

5. Sources of inoculam are often unknown. 

Phylloshere fungi play an important role in plant growth and development. Endophytism is a balanced 

antagonism. The study of phyllosphere fungi is crucial for plant health management. 
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Introduction 
Bonsai - Styles, Plants and Containers The word Bonsai is derived from Chinese Penjing and in Japanese 

‘bon’ means, ‘shallow pot” and the ‘sai’ means “plant” which is translated as ‘tray planting’. Bonsai is the 

art of growing trees, proportionately in small containers, occasionally in combination with rocks of many 

forms, by treating them with certain techniques in order to reproduce in miniature the lordly appearance 

of large and aged trees or landscape as found in nature. In recent days, the demand for bonsai is growing 

rapidly in leaps and bounds and has attained the status of an exclusive sector in the landscape gardening 

industry. 

Bonsai Types 
There are many styles in bonsai, which have been developing over the ages. The following are the principal 

classical bonsai styles. 

1. Formal upright style (Chokkan): In this style branches grow symmetrically and horizontally around 

the upright straight trunk. 

2. Winding or Kyokkum/Curved trunk style (Moyogi): In this style plants retains a very natural 

appearance with the help of curving nature of the trunk. The branches get smaller in size towards the top 

growing also in the edge of the curves. 

3. Oblique/Leaning trunk style (Shakakn): The trunk leans to one side, branches are positioned 

horizontally, shooting out in all directions. The surface roots clearly visible in the side opposite to the lean.  

4. Windswept style (Fukinagashi): This differs from previous style that branches grow on one side of 

the trunk only. This gives the impression of the blowing continually from the direction.  

5. Broom style (Hokidachi): This style having the similarity in appearance to unturned broom. It spreads 

the branches in the shape of a fan, may occupy half the total height of the tree. The trunk is upright. 

6. Cascade style (Kengai): The branches grow out over the edge of the container chosed for this style is 

high enough to show off cascade effect to best advantage. 

7. Multiple trunks style or Clump shaped (Kadudaki): Trunks are allowed to grow a single root, which 

has put several shoots. The result of this is a little group of trees. Generally, they should make up an odd 

number but if only trunks appear, they should of different sizes.  

8. Raft style (Ikuabuchi): This style creates an effect of fallen trunk, which has put out roots downward, 

and branches upward. The final impression, which is quite original, is one of the groups of individual plants 

all spring from a horizontal trunk. 

9. Woodland (Yose ue): In this fascinating style, in a single container a number of all individual plants 

of the same species are laid out in a correctly proportioned manner.  

10. Twisted trunk style: The trunk diminishes size toward the top and gives the appearance of twisting 

in upon itself; the branches break out in all directions.  

11. On the rock: The piece of rock is places appropriately in the container to be embraced eventually by 

the roots of the bonsai. This however sinks into the soil below. Once the little tree starts growing and 

putting new roots in to small cavities in the rock, one can get so called “rock planting”.  
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12. Memo bonsai/Mini bonsai/Disc bonsai: The plants are often not more than 8 – 15cm high (3 – 6 

inches) and grow in containers after no bigger than a thumble. 

Characteristics of Plants Suitable for Bonsai 
1. The plant should be hardy so that it can be grown in a small container for many years with all the 

manifestations of a living plant.  

2. The trunk should develop a natural appearance. 

3. The branches should grow in natural but artistic forms.  

4. The growth of the plant and appearance should harmonious with the shape of the container.  

5. The miniature plant showing seasonal variations in growth and flowering is a very interesting feature 

of bonsai. 

6. Plants of low height and strong trunk, thick at the base are good as bonsai. 

Pots or Containers for Bonsai 
1. The pots and containers used for bonsai vary in material, shape and size.  

2. Small ceramic or terracotta pots and containers of square, rectangular, oval or round shape are the best 

for bonsai.  

3. Sometimes small cement containers are also utilized for this purpose but these are not convenient to 

handle because of their heavy weight.  

4. The choice of the shape and colour of the container depends upon the style and the type of plant used for 

bonsai. Usually, terracotta and light colours are preferable. 

5. The rectangular and oval shaped containers are ideal for most of the bonsai styles.  

6. The round or square container is suitable for growing a single plant in its centre unlike the other shapes 

in which the plant is placed on one side of the container. 

Plants Suitable for Bonsai 
1. Ficus retusa (Fig Tree). 

2. Ligustrum nitida (Chinese Privet). 

3. Nandina domestica (Sacred Bamboo). 

4. Podocarpus chinese Yew (Buddhist Pine). 

5. Sageretia theezans (Chinese Bird Plum).  

6. Serissa foetida (Tree of a Thousand Stars). 

7. Ulmus parvifolia (Chinese Elm). 

Time of Planting 
The bonsai plants are generally started in February-March or July-August. However, the best time to start 

it is before the new buds open. The temperate species like cherry, peach and plum are planted in spring 

(Feb-March) before the new leaves appear on the plant.  Potting of bonsai should not be done in winter or 

in severe hot months. 

Potting and Re-Potting 
1. For starting a bonsai from the natural stunted plant or from a dwarf plant obtained from a nursery, it is 

necessary to prune the roots.   

2. Generally one-third of the roots is cut off and the tap root also may be pruned if there is an abundant 

growth of fibrous, lateral roots. 

3. The unnecessary branches are removed before planting.  

4. The basic principle in bonsai culture is to restrict and slow down the growth of the plant by selective 

pruning of roots and branches.  

5. However, at the same time, it is necessary to provide just adequate but balanced nutrition and regulated 

watering for proper and healthy but slow growth of the bonsai.   

6. Before potting the plant one must decide the style of bonsai to be followed.  

7. The method of planting in the pot or container and the training of the plant will depend upon the style 

of bonsai. 
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8. The old bonsai requires re-potting after 2 or 3 years depending upon the plant species and its growth. 

The re-potting is done in the same way as the potting. 

Training 
1. After planting, the plant is trained according to the style of bonsai. 

2. The branches or stem can be bent in the desired direction and form with the help of a copper wire which 

is removed once the required shape is formed.   

3. Sometimes polythene tape can also be used for the purpose. 

Pruning and Pinching 
The new growth is pinched once or twice and the branches are pruned sometimes to maintain the shape of 

the tree. 

Planting Medium 
1. Generally the planting medium in the pot or container consists of a mixture of two parts of loam soil, one 

part of fine leaf-mould and a little coarse sand. 

2. The medium for growing bonsai should be porous with a good drainage.  

3. Bone meal or superphosphate in small quantity is added to the planting medium.   

4. If possible, sterilize the medium with steam or chemical like formaldehyde.   

5. Often the soil in the pot is covered with moss and one or two small stones are placed to give a natural 

look. 

Nutrition 
1. A mixture of NPK or liquid manure prepared with oilcake (neem or mustard) may be applied once a week 

after about a month of potting but not during the active growth or dormant stage of the plant.   

2. The application of bone meal or superphosphate is useful in flowering while for fruiting add a little 

potash also to the potting medium. 

Watering 
1. Regular and judicious watering is required but overwatering and water logging should be avoided.   

2. Watering is beneficial at the time of flowering but not in bougainvillea as frequent watering results in 

shedding of flowers.   

3. Conifers like pine and juniper require less water that other species. 

After Care 
1. The soil in the pot should be hoed lightly when it becomes hard.  

2. Frequent weeding, control of diseases and insect pests by pesticides, 

3. Pinching and pruning whenever required, regular watering, balanced nutrition and providing adequate 

sunlight, are the necessary after-care of bonsai.  

4. Re-potting of old bonsai after every 2-3 years is also helpful in proper maintenance of the bonsai. 
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Outline of Nanotechnology 
The design, characterisation, production and application of structures, devices and systems by dominant 

form and size at the nanoscale is termed as nanotechnology (British Standards establishment, BSI 2005). 

Nanoscale springs from the Greek word, nanos meaning "dwarf”, this prefix is utilized inside the system of 

weights and measures to mean 10-9 or 1/1,000,000,000. 

Richard Richard Phillips Feynman, associate degree Yankee man of science, once said, “There’s many areas 

at the Bottom”, at Yankee Physical meeting at American state Institute of Technology on twenty ninth Dec, 

1959. He's thought of because the father of nanotechnology, in line with him, nano science is “adaptability 

to govern, control, assemble, turn out and manufacture things at atomic precision”. 

Characteristics of Nanoparticles 
1. Small size (1-100nm). 

2. Slow release. 

3. Large surface to volume ratio. 

4. High activity. 

5. Change in the chemical and physical properties with respect to size and shape. 

 

Introduction: Use of Nanotechnology in Crop Production and Quality Improvement 
Let us discuss its applications in agriculture, broadly at first. 

The goals fall into several categories: 

1. Increase production rates and yield  

2. Increase efficiency of resource utilization  

3. Minimize waste production 

4. Nano-based treatment of agricultural wastes 

5. Nanosensors 

6. Specific applications include: Nanofertilizers, Nano-pesticides etc. 

Horticultural products’ waste is calculable around 20-30% in developing countries, thus even though we 

have a tendency to manage to scale back this quantity for 5-10%, immense saves are obtained. Reducing 

these losses cannot solely improve farmers’ incomes however might conjointly encourage a lot of 

consumption of this extremely nutrient fruit in a very region wherever per capita consumption is barely 

1/2 the counseled level. 

Nano science has already been applied to the management of provide chain processes related to food 

quality, handling, packaging, and safety, within the field of farming provide chains, engineering readying 



 

 
Volume 3 - Issue 6 - June 2021       507 | P a g e  
 

is already transferral potential advantages to farmers, the food business and customers alike, through 

innovations in food production, processing, preservation and packaging (FAO/ WHO, 2010). 

Nanotechnology: A Boon to Fruit Crops 
In recent years, nano science has extended its connexion in plant science and agriculture. Its prolonged 

potency makes it a revolutionary tool just in case of fruit science also. By spoken communication those 

words prolonged potency it truly implies that it's an excellent impact on plant growth and soil health within 

the kind of nanofertilizer, positive response towards plant health area by nanopesticides, plant response 

determination by nanosensors, seed conditioning, genetic biological research and active packaging for post-

harvest management. 

 
(Fig- Smart Delivery System in fruit crops) 

Till currently we are discussing regarding the applications and uses of nano technology in fruit crops and 

it looks to be a revolutionary force in close to future; however, is there any significant case studies 

concerning this phenomenon? Let’s realize it! 

1. Evaluation by spraying of the mixture of Nanofertilizer ZFM contained on metallic element, Zn and Mn 

on the quantitative and qualitative qualities of almond varieties have shown enhanced concentration of 

parts metallic element, Zn, Mn and cubic content unit the leaves and significantly; and reduce disparity of 

the share of fruit precipitation as ZFM spraying has improved fruit qualities and enhanced productivity 

(Kamiab et al., 2016), thanks to the very fact that Nanofertilizer has distinctive properties thanks to its 

tiny expanse with high absorption, that causes a rise in chemical change and leaves space (Sekhon, 2014). 

2. The efforts are targeted on victorious application of those nano-pesticides on crops like mango and their 

potency and availableness sweetening and decrement of environmental pollution and staff exposure. 

(Ragaei and Al-Kazafy) 

3. Rostami and Shahsavar showed that sterilizing olive explants is that the huge challenge that faced in 

vitro biological research olive species. During this term, they studied the potential of nano-silver for 

decreasing contamination in olive’s in vitro cultures. Their results showed that submerge olive explants in 

nano-silver was therefore effective tool to regulate the contamination but this treatment caused high score 

of injures for olive explants. 

4. Supplemented olive matter with nano-silver at low concentration (4mg/L) was considerably effective 

approach for disinfecting explant internal contamination with none determined harmful effects. These 

results may well be attributed for ability of nano-silver to unleash its therefore small particles that 

destroyed not solely microorganism and plant however additionally, its impact extended to viruses. 

5. Taha et al. investigated impact of carbon nanotubes (CNTs) on in vitro of Phoenix dactylifera. Carbon 

nanotubes (CNTs) concentrations were studied at zero.0, 0.05 and 0.1 mg/l. Obtained results showed that 

CNTs increased all stages of in vitro propagation of Phoenix dactylifera. Callus contemporary weight 

showed associate degree increment once matter supplemented with CNTs at zero.05 mg/l. 

6. Li et al. indicated that with nano-SiOx/chitosan higher quality of Fuji apple fruit is unbroken for long 

amount comparison with the traditional strategy. 

7. Besides, Yang et al . mentioned that there's a big distinction within the quantity of acids between nano 

containers and regular compound ones for protective strawberry throughout storage span. 
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8. In addition, they according that strawberry offered in nano containers come through additional market-

friendly compared to regular compound containers and attributed these results thanks to the very fact that 

nano containers hold additional wetness and fewer O2 enter and leave. 

Nanotechnology in India 
In May 2007, National Mission on Nanoscience and Technology (Nan Mission) was launched in India. There 

are many alternative analysis centers of nano technology like Defense Research and Development 

Organization (DRDO), Department of Atomic Energy (DAE), Indian Council of Agriculture Research 

(ICAR), Indian Institute of Science (IISC), gift in Asian Nation. 

The world's largest fertilizer cooperative, The Indian Farmers fertilizer Cooperative restricted (IFFCO), 

has introduced its 'Nano-technology' based mostly product vary Nano element, Nano Zinc, Nano Copper -- 

for on-field trials at an incident in Gujarat's Kalol. 

Source:- HindustanTimes (3rd November, 2019). 

Constraints of Nanotechnology 
Like everything that is gift during this universe have professionals and cons, same goes with engineering 

science. There is unit attainable loss of jobs within the ancient farming and producing trade. High 

concentration of nanosilica silver made some chemical injuries on the tested plants (cucumber leaves and 

pansy flowers). Issues will truly arise from the inhalation of those minute particles, very like the issues an 

individual gets from eupneic minute amphibole particles. Presently, engineering science is incredibly 

overpriced and developing it will value you heaps of cash. It's additionally pretty tough to manufacture. 

Very high doses of those materials are unit related to fibrotic respiratory organ responses associated end 

in inflammation and hyperbolic risk of carcinogenesis. 

Conclusion and its Future Prospects 
Nanotechnology needs an in depth understanding of science and material technology, together with data 

of the agricultural production system. We tend to may say that the prospects of nano science are unit 

terribly bright. Additional studies are required to explore the mode of action of NP’s, their interaction with 

bio molecules and their impact on the regulation of organic phenomenon in plants. Additional analysis 

ought to be done on the potential adverse effects of nanomaterials on human health, crops and also the 

environmental safety. 
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Introduction 
Customers need information about product or service before they buy it. The ways to communicate about 

features and benefits of product to potential customers is called a promotional mix which is a subset of 

marketing mix .Companies use more than one method to promote their product in the market. It describes 

a blend of promotional variables chosen by marketers to help a firm reach its goals.  . It aims to ensure the 

consistency of the message and the complementary use of media Integrated Marketing Communication is 

the coordination of all promotional activities, like media advertising, direct mail, personal selling, sales 

promotion and public relations to produce a unified customer focused message .Strong set of promotional 

strategies can help company to share large market .Promotion is the function of informing, persuading and 

influencing a purchase decision. IMC allows marketing managers to focus objectives and marketing goals. 

Integrating  these elements depends on what we are promoting, the biases and preferences of the potential 

customers. The main objective of promotional strategy is to  provides information about product to customer 

and there by stabilizes of sales and profit to the industry. 

Different Product Promotional Strategies Used by Company 
1. Personal Selling:  It is a face-to-face commercial interaction between buyer and seller about a product.  

The  customers are relatively few in number and geographically concentrated. It moves through direct 

distribution channels  and  involves high cost  per contact. The salesperson uses a personalized approach, 

tailored to meet the individual needs of the customer and demonstrate the ways that the product will 

benefit him. Example: Many companies send their sales executives to make sales presentations at 

prospective such as medical representative meeting doctor and explaining their pharmaceutical products. 

 
Figure; Promotional Strategies used by companies 

Source: www.Business management ideas.com 

2. Non-personal selling techniques: 

Advertising: It is a paid, non-personal communication delivers through various media and designed 

to inform, persuade or remind members of a particular audience. Firms need to be more creative 

and efficient at getting consumer’s attention. Ex: Television, Newspaper, Magazines, Radio, Direct 

mail. 
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Types of Advertising 
1. Product Advertising: Messages designed to sell a particular good or service. Ex: Detergents. 

2. Institutional Advertising: Messages that promotes concepts, ideas, or goodwill for industries, 

companies, organization or govt entities. Ex: Life insurance company  

3. Cause Advertising: Institutional messaging that promotes a specific view point on a public use as a 

way to influence public opinion and the legislative process. Ex: Rupee donating to charitable trust by buying 

a product like note books, pens etc. 

Advertising and Product Life Cycle 
1. Informative advertising: It is used in introduction stage  for  providing information of the product 

2. Persuading advertising: It is used in growth stage to increase competitive status of product 

Institution. 

3. Comparative advertising: It is used in maturity  stage  to compare the product with other product 

4. Reminder oriented advertising: It is used in decline stage and try to maintain its awareness and 

usefulness of products. 

Advantages: It Reaches large number of audiences at low cost per contact  and  allows strong  

control of the message which can be modified to match different audience. 

Disadvantages: It is difficult to measure effectiveness and has limited value for closing sales. 

Sales Promotion 
It includes activities that seek to directly induce or indirectly serve as incentives to motivate, a desired 

response on the part of the target customers company sales people and middle men and their sales force. 

These activities add value to the product.  

1. Consumer oriented sales promotion: These  are used by retailers to induce customers to buy products 

or services .It targets the consumer or end-user buying the product .Example: coupons, samples, premiums, 

point of purchase (POP) displays, contests, rebates, and sweepstakes 

2. Trade oriented sales promotion:  These are directed at the dealer network of the company to motivate 

them to sell more of the company's brand than other brands. It is a marketing tactic aimed at retailers by 

manufacturers, with the goal of increasing the demand for their products. Example: “Buy one, get one” 

promos. 

Advantages: It attracts attention, creates awareness and effectiveness can be easily measured.  

Disadvantages: It is difficult to differentiate from similar program of competition. 

Public Relations 
It is a planned effort by an organization to influence the attitudes and opinions of a specific group by 

developing a long-term relationship. The target may be customers, stock holders, a government agency or 

a special interest group. Thus, it is the practice of deliberately managing the release and spread of 

information between an individual or an organization (such as a business, government agency, or a 

nonprofit organization) and the public in order to affect the public perception. Ex: Community activity such 

as scholarship programme sponsored by business, Google was in the news for donating to Ebola. 

Advantages: It enhances product or firm creativity and creates a positive attitude about the 

product or company. 

Disadvantages: Difficult to measure effectiveness and lack of control over message release. 

Publicity 
It is a non-paid form of promotion through which organizations frequently provide the material for publicity 

in the form of news, releases, photographs and press conferences. Publicity stimulates demand for a good, 

service, place, idea, person or organisation by disseminating news through favourable unpaid media 

presentation which enhances product and firm creativity. As it is free advertising, publicity can be positive 

perceived by consumers as more credible, because it not paid for by the seller. It is a subset of public relation 

effort. 
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Ex: Reebok held a press conference in 2002 to let the world know that the company would sponsor famous 

singer Shakira’s worldwide concert tour. In return, Shakira became the brand ambassador of the brand 

and did some advertisements for them. 

Advantages: Consistent publicity helps a company to strengthen its brand as it gives a company a 

way to prove its customers its worth. While on other side, Innovation is very important in increasing 

company product to reach and building loyalty among the customers. If good reviews start coming 

up for a brand it often builds the other public relations companies interested in the company. 

Disadvantages: It may damage brand equity in long term because of bad publicity. It is applicable 

for companies with health hazards and safety issues. 

Conclusion 
IMC is a concept under which a company carefully integrates and coordinates its many communications 

channels to deliver a clear and consistent message. No business will ever need to run any promotions if 

there wasn't any competition. If a company wants to stay ahead of their competitors, it has to use right set 

of promotional strategies which helps them to create strong market positioning in the long run. The 

company has to be in clear with their targeted customer and choose the right way to communicate with 

them through product promotions. It should be designed to show target audience the benefits, features, 

and values of the products or services that company offer. 
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Introduction 
Agriculture met the challenge of feeding the world’s poor by the green revolution with the help of high 

yielding varieties and high fertilizer application. The indiscriminate use of agro-chemicals has adversely 

affected the soil fertility and the quality of agricultural products, which eventually lead to high demand for 

organic products by the society. Organic agriculture is a production system that sustains health of soil, eco-

system and people, by relying on ecological process, bio diversity and natural cycles and adapted to local 

conditions than use of inputs with adverse effects (International Federation for Promotion of Organic 

Agricultural Movement - IFOAM). In general, organic farming is more desirable for its long-term objective 

of improving soil fertility there by helping the sustained production. In organic production systems, there 

is always a challenge to improve soil fertility and crop productivity using organic techniques. Use of organic 

liquid preparations has been an age-old practice in India. The liquid organic manures are potential source 

of manure to improve the physical, chemical and biological properties of soil that leads to enhance the soil 

fertility, crop productivity. 

What are Liquid Organic Manures? 
Liquid organic manures are obtained by active fermentation of animal products like cow dung, urine and 

plant residues over specific duration. On an average, preparation of liquid manure takes 2-3 weeks. The 

liquid organic solutions contain macro nutrients, essential micro nutrients, many vitamins, essential amino 

acids, growth promoting hormones like Indole Acetic Acid, gibberellic acid and beneficial microorganisms. 

Liquid organic manures quickly decompose the organic wastes, improve humus content of the soil which is 

essential to maintain the activity of microorganisms and other soil biota. 

Different Liquid Organic Manures, Composition and their Nutrient Content 
Jeevamrutha: Mix 10 kg’s of desi cow dung, 10 liters of desi cow urine, 2 kg’s of jaggary, 2 kg’s of pulse 

flour and hand full of soil in 200 liters of water and ferment it for 10 days. It can be applied on soil by 

diluting it with irrigation water @ 500 lit ha-1. Average nutrient content of jeevamrutha is nitrogen 1.48%, 

phosphorus 0.28% and potassium 0.32%. 

Amrithpani: 10 kg’s of desi cow dung is mixed with 500 gms of honey and 250 gms of desi cow ghee which 

is mixed in 200 liters of water. The formulation is fermented for 7 days and can be used for drenching. 

Average nutrient content of amrithpani is 1.68% nitrogen, 0.33% phosphorus and 0.24% potassium. 

Sanjivak: 100 kg’s of desi cow dung, 100 liters of desi cow urine, 500 gm’s of jaggary are mixed with 300 

liters of water and fermented for 10 days the formulation is used for soil application. Sanjivak has nitrogen, 

phosphorus and potassium content of 1.48%, 0.28%, 0.32%, respectively. 

Panchagavya: Panchagavya (a combination of desi cow urine, milk, dung, ghee and curd). In Sanskrit, all 

these five products are individually called “Gavya” and collectively termed as “Panchagavya”. Desi cow 

dung of 7 kg’s, 1 kg desi cow ghee are mixed and fermented for 2 days. On 3rd day 2 liters of desi cow urine, 

10 liters of water are added and incubated for 10 days. After ten days 2 liters of desi cow milk, 2 liters of 

desi cow curd, 250 gm’s of jaggary, tender coconut water of 2 liters and 12 ripened cavendish bananas are 

added and allowed to ferment for 15 days. The liquid formulation is used as foliar spray @3 % or @5%. 

Average nutrient content is 0.06%, 0.03% and 0.04% of nitrogen, phosphorus and potassium respectively. 

Bio digested liquid manure (BDLM): Fresh leaves and tender branches of any green manure plant of 

30 kg’s, desi cow dung 15 kg’s, desi cow urine 20 liters and 100 liters of water are added in a cement tank  
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and fermented for 45 days.The formulation is used for soil application. The average nutrient content is 

1.06% nitrogen, 0.23% phosphorus and 0.35% potassium.  

Dashagavya: 5 kg’s of desi cow dung and 1 liter of desi cow ghee are mixed and fermented for three days. 

On fourth day desi cow urine of 3 liters, 2 liters of desi cow milk, 2 liters of desi cow curd, 3 liters of 

sugarcane juice and coconut water, 12 ripened banana paste, 2 liters of grape juice are added and fermented 

for 18 days. It can be used as foliar spray, seed treatment or soil application @ 50 lit ha-1. Nitrogen, 

phosphorous and potassium content are 0.086%, 0.013% and 0.118%, respectively. 

Vermiwash: A plastic barrel is filled with brick pieces, coarse sand and fine soil along with cow dung and 

soaked straw layer wise. 100 earthworms are left on fine soil layer. Place a plastic basin of 2.5 litre capacity 

with small pores above barrel and fill water regularly. The added water passes through the organic matter 

and washes the body of earthworm the filtrate collected at the bottom of barrel is called as vermiwash. 

Vermiwash has nutrient content of 0.02% nitrogen, 0.010% phosphorus and 0.2% potassium. 

Kunapajala: Kunapajala is prepared using Bombay duck fish (Harpadonnehereus) 10 kg, sesame oil cake 

4 kg, rice husk 4 kg, molasses 4 kg and fresh cow urine 30 liters. Bombay duck should be devoid of scales 

and easy to decompose. All the ingredients were taken in an 80 liters plastic pot, mixed well and allowed 

to ferment aerobically in shade for 60 days with intermittent stirring. After 60 days, the preparation was 

sieved. It can be used at any stage of crop by diluting in 1:10 ratio with water. The nitrogen, phosphorus 

and potassium contents are 0.025%, 0.0061% and 0.0024% respectively. 

Beejamrutha: 5 kg’s of desi cow dung is kept in a cloth bag and suspended in a container of water, after 

15-16 hrs it is squeezed to collect the extractant. 5 liters of desi cow urine, 50 gm’s of virgin forest soil, 1 

liter of lime water, 20 liters of water are added to the extractant. The liquid is fermented for 8 -12 hrs and 

used for seed treatment. 

Benefits of Liquid Organic Manures 
1. Liquid organic manures balance the soil eco system and boost the soil health by increasing the soil 

organic matter content. 

2. The nutrients are delivered in slow and sustainable rate and prevents over nutrition. 

3. Liquid organic manures helps in increase of uptake of macro and micro nutrients compared to mineral 

fertilizers due to improved soil microbial activity. 

4. Organic liquid fertilizers support growth of nitrogen fixing bacteria to fix sufficient atmospheric N to 

supply the need of growing plants. 

5. Salt content in soil is reduced by application of liquid organic manures. 

Disadvantages 
1. Liquid organic manures takes longer time in supplying nutrients as they are slow releasing at initial 

stages of crop growth. 

2. These manures have relatively lesser amount of micro nutrients than macro nutrients. 

Conclusion 
Organic nutrient management practices have the potential to improve the soil health as well as sustain 

the crop yield over a longer period of time. Liquid organic manures are efficient and economical choice for 

the farming community as most of the inputs used for preparation are available in the field. Use of liquid 

organics panchagavya and kunapajala proved beneficial effect in different crops and produced better 

growth of plants and crop productivity to increase sustainable production. All the liquid organics inputs 

hold good promise for use in agriculture and production of safe and healthy food. 
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Neem seeds and leaves contain many compounds which are useful for pest control. Unlike chemical 

insecticides, neem compounds work on the insect’s hormonal system, not on the digestive or nervous system 

and therefore does not lead to development of resistance in future generations. These compounds belong to 

a general class of natural products called ‘limonoids’. The limonoids present in neem make it a harmless 

and effective insecticides, pesticide, nematicide, fungicide etc. The most significant limonoids found in neem 

with proven ability to block insect growth are: azadirachtin, salanin, meliantriol and nimbin. Azadirachtin 

is currently considered as neem’s main agent for controlling insects. It appears to cause 90% of the effect 

on most pests. It does not kill insects – at least not immediately – instead it both repels and disrupts their 

growth and reproduction. It is the most potent growth regulator and feeding deterrent. It will repel or 

reduce the feeding of many species of insect pests. 

Various neem extracts are known to act as various insects in the following ways: 

1. Disrupting or inhibiting the development of eggs, larvae or pupae. 

2. Blocking the molting of larvae or nymphs. 

3. Disrupting mating and sexual communication. 

4. Repelling larvae and adults. 

5. Deterring females from laying eggs. 

6. Sterilizing adults. 

7. Poisoning larvae and adults. 

8. Deterring feeding. 

9. Blocking the ability to “swallow” (that is, reducing the motility of the gut). 

10. Inhibiting the formation of chitin. 

Uses of Neem Products Against Locusts 
The systemic growth regulatory effects of various neem seeds products against immature stages of desert 

locust. The stability of the systemic action of neem seed powder (NSP) under conditions of water stress. 

Some(33-80%) of the exposed nymphs developed to the third stage without further moulting. Medium lethal 

time for neem seed water extracts (NSWE), neem seed organic extract (NSOE) and NSP ranged from 166 

to 248 hours. All neem seed product induced significant systemic antifeedant activity, ranging from 52 to 

99% against the immatures. NSP the simplest form, was found to possess systemic activity comparable to 

complicated forms of neem products. NSP was stable under conditions of delayed watering up to 10 days 

and the latter had effects on development, mortality and feeding comparable to immediate watering. The 

fact that they were able to delay development, prevent further moulting of instars, stabilize under 

conditions of delayed watering, enabled them to confine the desert locust to their breeding sites as 

immatures without threat of swarm formation and limited damage to local growers (Abdelbagi et. al 2019). 

The different concentration levels of the neem extract, Neemazal were applied against the early 

penultimate (4th) or last (5th) instar gregarious nymphs of Schistocerca gregaria. After 24 h of treatment, 

all mortalities were observed for nymphs. Also, the nymphal mortality was recorded along each of the 

nymphal instars. After treatment of penultimate instar nymphs with the highest concentration level, all 

insects died while 60.0% mortality was recorded at conc. level 3.7% of Neemazal. However, other mortalities 

were recorded in the resulted 5th instar nymphs (40.0 and 20.0 % mortalities at conc. levels 3.7 and 1.8 

%)(Hamadah et. al 2013). 

The effect of four concentrations of Neem against 5th nymphal instar of the desert locust, S. gregaria. The 

percentages of nymphal mortality of the 5th nymphal instar of S. gregaria were 24, 53, 91 and 98% after 

12 days old treatment with 375, 750, 1500 and 3000 ppm of Neem, respectively comparing with control. 

(Mohamad et. al 2014). 
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The effect on fecundity, feeding behavior and egg hatchability of desert locust, Schistocerca gregaria was 

studied. The antifeedant effect on desert locust nymphs is 79.62 % for neem oil. Significant mortality of 

40.54 % was recorded, 7 days after treatment, in insects treated with 10% concentration of neem  oils. Neem 

oils egg un-hatchability 99.71%.(Bashir et. al 2014). 
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Introduction 
Iron is an essential element for most organisms and is abundantly present in the Earth’s crust. However, 

its bioavailability is limited because iron is mainly present as ferric oxide, which is poorly soluble at neutral 

and high pH. Iron ions can exist in both the ferric (Fe3+) and the ferrous (Fe2+) form, allowing them to 

function as the catalytic component of enzymes that mediate redox reactions in key cellular processes, such 

as DNA replication and energy production. Although iron scarcity hampers the growth of many organisms, 

iron overload can also be harmful. Excess Fe2+ inside a cell leads to the formation of hydroxyl radicals via 

the so-called Fenton reaction, which can cause damage to proteins, DNA, and lipids. Therefore, most 

organisms have evolved sophisticated mechanisms that tightly regulate iron uptake, transport, and 

storage. These mechanisms emerged as important players in the arms race between hosts and pathogens. 

The role of iron in plant immunity is even more complex, as it involves the tripartite interaction among 

host, pathogen, and plant-beneficial microbiota in the rhizosphere. 

Competition for iron between the soil-borne pathogens and their antagonistic microorganisms was 

considered to be the mechanism of disease suppression, as this highlighted iron as a central player in the 

tripartite interaction. Iron-chelating siderophores, which are produced under iron-limiting conditions by 

plant growth–promoting rhizobacteria, emerged as important actors in this process. These siderophores 

were found to inhibit growth of soil-borne pathogens by depriving them of iron. Some pathogens secrete 

siderophores act as a virulence factor. These siderophores either facilitate iron uptake from the host or 

protect the pathogen from plant-derived toxic hydroxyl radicals produced at the site of infection.  

In addition to the role of iron in the interaction between plants and microbes, it recently became evident 

that the signalling pathways regulating plant iron uptake interact directly with the plant immune 

signalling network, the defence-related hormones salicylicacid, jasmonicacid, and ethylene affect important 

steps in the iron-uptake response in plant roots (Aznar et al., 2015).  Moreover, components of the iron-

uptake signalling pathway in host roots appear to be required for the onset of induced systemic resistance 

(ISR), which is triggered by selected plant growth-promoting rhizobacteria and fungI. Recent advances in 

iron homeostasis mechanisms in both plants and microbes emerging as a link between iron and both plant 

immunity and pathogen virulence. 

Role of Iron in Pathogen Virulence and Host Defence 
Because iron homeostasis is essential to the survival of both plants and microbes, therefore iron availability 

affects the outcome of plant-pathogen interactions.  

Pathogen virulence and iron: Iron Siderophore-mediated iron acquisition is essential for virulence of 

plant pathogens. The soil borne plant pathogens first need to compete with other members of the soil 

microbial community for the scarce available iron. A rhizosphere-competent microbe ideally produces high 

quantity of specific siderophores with a high affinity for iron, thus effectively deprive soil-borne pathogens 

and thereby suppress plant disease. To overcome these antagonistic microbes, pathogens produce the 

transcription factor HapX, regulator of fungal adaptation to iron starvation. 

The capacity to acquire iron from the host is also an important pathogenicity factor of foliar pathogens. 

Virulence of diverse plant-pathogens is depending on the pathogen’s capacity to secrete siderophores. The 

iron status of the host plant can positively or negatively affect pathogen virulence and the development of 

local defence responses. Iron acquisition is essential for the virulence of many plant pathogens, iron-starved 

host plants are less susceptible to pathogen infection than plants grown under iron-sufficient conditions. 
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The enhanced resistance of the iron-starved plants is due to the iron deprivation of the pathogen. In other 

cases, iron starvation promotes susceptibility to certain pathogens (Verticillium dahlia and Colletotrichum 

graminicola), because iron-deprived plants developed a weaker oxidative burst at the site of pathogen 

infection  and increased  production of toxic compounds (Albarouki et al., 2014) . 

Plant defence via changes in host iron homeostasis: In specific plant-pathogen interactions, 

pathogen-induced changes in plant iron homeostasis mechanisms affect host immunity. Siderophores of 

pathogens induce the expression of the iron storage gene FERRITIN1 (FER1), iron sequestration by 

ferritins is part of an iron-withholding defence strategy, induced in response to pathogen invasion, and 

stimulates the production of  the defence hormone salicylic acid in the host, resulting in induction of the 

PATHOGENESIS-RELATED defence marker gene PR-1, callose deposition along the leaf veins, and 

accumulation of H2O2 (Dellagi et al., 2009). These iron-related defence responses are caused by pathogen-

inflicted changes in iron distribution at the site of pathogen infection. Microbe-induced changes in iron 

homeostasis mechanisms can be expressed systemically throughout the plant. Pathogen-induced iron 

redistribution in the host can contribute to disease resistance, directly by withholding iron from the 

pathogen and indirectly by triggering defence responses. 

Beneficial Microbes Affect Plant Resistance via Iron 
Plant iron homeostasis is also affecting beneficial soil microbiota in rhizosphere. Among these are plant 

growth–promoting rhizobacteria and fungi that are known to trigger ISR. A connection between iron 

homeostasis and ISR was found in 1996 when Leeman and coworkers reported that the elicitation of ISR 

against Fusarium wilt in radish by beneficial Pseudomonas spp. was more effective under low-iron 

conditions, Siderophores shown to act as elicitors of ISR. Examples: Piriformospora indica and 

Trichoderma spp. ISR triggered by beneficial microbes is  associated with faster priming and stronger 

expression of cellular defence responses after pathogen attack  (Martinez et al., 2016). 

Conclusion 
Iron can catalyze the formation of deleterious reactive oxygen species. Hosts may use iron to increase local 

oxidative stress in defense responses against pathogens. Due to this duality, iron plays a complex role in 

plant-pathogen interactions. Plant defenses against pathogens and plant response to iron deficiency share 

several features, such as secretion of phenolic compounds, and use common hormone signaling pathways. 

Moreover, fine tuning of iron localization during infection involves genes coding iron transport and iron 

storage proteins, which have been shown to contribute to immunity. The influence of the plant iron status 

on the outcome of a given pathogen attack is strongly dependent on the nature of the pathogen infection 

strategy and on the host species. Microbial siderophores emerged as important factors as they have the 

ability to trigger plant defense responses. Still there is need to unravel molecular mechanisms that 

facilitate the development of pathogenic or beneficial life strategies under iron scarcity. 
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Introduction 
Melanins are dark-brown to black pigments found in animals, plants, and microorganisms. These are the 

secondary metabolites made up of complex heterogenous polymers of phenolic and/or indolic monomers. 

Conjugated polymers of ortho-dihydroxyphenols. Most of the fungal melanins are derived from the 

percursor molecule 1,8-dihydroxynaphthalene (DHN) and are known as DHN-Melanins. 

The association of melanins with immune responses has been noted for plants, animals and fungi. The 

importance of melanins for survival and longevity of fungal propagules has been recognized for many years. 

During the past ten years three additional discoveries have increased interest among plant pathologists in 

fungal melanins. First, unique pathways for melanin biosynthesis were discovered. Second, investigators 

discovered a new class of fungicides that prevent direct penetration of plant tissue by inhibiting melanin 

biosynthesis in appresorial cells. Third, phytotoxins were discovered that are shunt products of DHN 

melanin biosynthesis having phytotoxic activity that may be required for pathogenicity. 

Cytology of Melanin Synthesis 
The cytology of melanin synthesis in animals has been studied in great detail. One of the obvious differences 

between animal and fungal melanins is the cellular pattern of polymer deposition.  The important point is 

that melanins in animals are synthesized and maintained almost totally as melanosomes and granules 

within the cytoplasm of specialized cells. Fungal melanins, in contrast, occur either in cell walls or as 

extracellular polymers formed in the medium around fungal cells. 

Biosynthesis of Melanins 
Various fungi and other microorganisms synthesize melanin from tyrosine via 3,4 dihydroxyphenylalanine 

(DOPA) in culture media. Melanins in cell walls of the Basidiomycotina are derived from y-glutaminyl-3,4-

dihydroxybenzene (GDHB) or catechol, as the immediate phenolic precursor of the melanin polymer. In the 

Ascomycotina and related Deuteromycotina the dark-brown to black melanins in cell walls are generally 

synthesized from the pentaketide pathway in which 1,8-dihydroxynaphthalene (DHN) is the immediate 

precursor of the polymer. The extracellular dark pigments produced by fungi may be formed from various 

fungal phenols, other microbial phenols, plant phenols, or agrochemicals present in the fungal 

environment. 

Localization of Fungal Melanins and Functions of Melanins 
Melanin can be found in the inner or outer layers of the cell wall depending on the fungal species. In the 

wheat pathogen Gaumannomyces graminis, it is in the middle of the cell wall. In appressoria of 

Magnaporthe grisea the melanin layer is positioned just outside the plasma membrane. It is critical to host 

invasion in plant pathogens. A fungus produces structure like appressoria that penetrate plant tissue, 

allowing the organism to invade the host. Melanin in the cell wall of these structures provides mechanical 

strength to the appressoria that aids in tissue penetration. For example, in coffee berry disease caused by 

Colletotrichum kahawae, inhibition of melanisation decreases the turgor pressure of the appressoria and 

consequently virulence of the fungus (Chen et al., 2004). Melanized appressoria have been shown to be 

important in virulence of plant pathogens including the rice blast fungus Magnoporthe grisea (Howard and 

Valent, 1996) and black spot of rose caused by Diplocarpon rosae (Gachomo et al., 2010). Teliospores of 

Ustilago maydis and Puccinia graminis tritici contain dense deposits of melanin in outer parts of the cell 

walls which help in enhancing the survival abilities of species in certain environments (Bell and Wheeler, 

1986). 
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Role of Melanin in Rice Blast Pathogen 

 
Fig. 1.  Life cycle of the rice blast fungus Magnaporthe oryzae (Wilson and Talbot, 2009). 

The rice blast fungus starts its infection cycle when a three-celled conidium lands on the rice leaf surface. 

The spore attaches to the hydrophobic cuticle and germinates, producing a narrow germ tube, which 

subsequently flattens and hooks at its tip before differentiating into an appressorium. The single-celled 

appressorium matures and the three-celled conidium collapses and dies in a programmed process that 

requires autophagy. The appressorium becomes melanized and develops substantial turgor. This translates 

into physical force and a narrow penetration peg forms at the base, puncturing the cuticle and allowing 

entry into the rice epidermis. Plant tissue invasion occurs by means of bulbous, invasive hyphae that 

invaginate the rice plasma membrane and invade epidermal cells. Cell-to-cell movement can initially occur 

by plasmodesmata. Disease lesions occur between 72 and 96 hours after infection and sporulation occurs 

under humid conditions; aerial conidiophores with sympodially arrayed spores are carried to new host 

plants by dewdrop splash (Fig. 1.). 

 
Fig.2. Appressorial penetration mechanism of Magnaporthe oryzae into rice epidermis (Xao et 

al., 1994). 
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Maturation of the appressorium in M. oryzae involves deposition of melanin and chitin within the inner 

side of the cell wall. Melanin plays a structural part in strengthening the appressorium and forms an 

impermeable layer to prevent leakage of osmolytes, which generate the substantial internal turgor (up to 

8.0 MPa) required for cuticle penetration. Melanin biosynthesis mutants cannot generate sufficient 

internal turgor owing to leakage of the appressorial contents and are consequently non-pathogenic. Cell 

wall differentiation of the appressorium also involvesan oxidative burst in the developing infection cell. 

Prevention of superoxide generation by pharmacological intervention prevented appressorium formation 

and deletion of two NADPH oxidase-encoding genes, NOX1 and NOX2, independently affecting 

appressorium function and preventing plant infection44. Generation of reactive oxygen species (RoS) 

maybe associated with cross-linking of proteins into the cell wall during appressorium maturation. 

Consistent with this, a cell wall-associated metallothione in encoded by the MMT1 gene is required for 

appressorium function and could be necessary to promote cross-linking by preventing hydroxyl radical 

formation through the Fenton reaction. The small GTPase MgRho3 is a potential candidate regulator of 

superoxide formation in M. oryzae. MgRho3 deletion mutants produce small non-functional appressoria, 

whereas over-expression of MgRho3 causes a hypervirulent phenotype characterized by enhanced 

appressorium formation and accelerated infectious growth (Fig. 2). 

Management of Plant Disease by Inhibiting Melanin Biosynthesis 
Melanin Biosynthesis Inhibitors: Compounds which inhibit the biosynthesis of DHN-melanin, such as 

Tricyclazole, Phthalide, and Pyroquilon, Trifloxystrobin, Iprodione, Dicarboximide, Fenoxanil, Oxadiazole 

are used as “antipenetrant” agricultural antifungals. They do not kill plant pathogens, but they cause the 

development of defective appressoria lacking melanin; these appressoria are unable to penetrate the plant 

epithelium and establish infection. 

Conclusion 
Melanin plays directly or indirectly important role in the pathogenesis by releasing of extracellular 

enzymes. Provide defense against environmental stresses such as UV light oxidizing agents and ionizing 

radiation. Radioactive properties of melanin in microorganism result from the quenching free radicals and 

Compton scattering. It is critical to host invasion in plant pathogens, its presence in the cell wall of 

appressoria provides mechanical strength to the appressoria that aids in tissue penetration. 
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Introduction 
Iron is an essential element for most organisms and is abundantly present in the Earth’s crust. However, 

its bioavailability is limited because iron is mainly present as ferric oxide, which is poorly soluble at neutral 

and high pH. Iron ions can exist in both the ferric (Fe3+) and the ferrous (Fe2+) form, allowing them to 

function as the catalytic component of enzymes that mediate redox reactions in key cellular processes, such 

as DNA replication and energy production. Although iron scarcity hampers the growth of many organisms, 

iron overload can also be harmful. Excess Fe2+ inside a cell leads to the formation of hydroxyl radicals via 

the so-called Fenton reaction, which can cause damage to proteins, DNA, and lipids. Therefore, most 

organisms have evolved sophisticated mechanisms that tightly regulate iron uptake, transport, and 

storage. These mechanisms emerged as important players in the arms race between hosts and pathogens. 

The role of iron in plant immunity is even more complex, as it involves the tripartite interaction among 

host, pathogen, and plant-beneficial microbiota in the rhizosphere. 

Competition for iron between the soil-borne pathogens and their antagonistic microorganisms was 

considered to be the mechanism of disease suppression, as this highlighted iron as a central player in the 

tripartite interaction. Iron-chelating siderophores, which are produced under iron-limiting conditions by 

plant growth–promoting rhizobacteria, emerged as important actors in this process. These siderophores 

were found to inhibit growth of soil-borne pathogens by depriving them of iron. Some pathogens secrete 

siderophores act as a virulence factor. These siderophores either facilitate iron uptake from the host or 

protect the pathogen from plant-derived toxic hydroxyl radicals produced at the site of infection.  

In addition to the role of iron in the interaction between plants and microbes, it recently became evident 

that the signalling pathways regulating plant iron uptake interact directly with the plant immune 

signalling network, the defence-related hormones salicylicacid, jasmonicacid, and ethylene affect important 

steps in the iron-uptake response in plant roots (Aznar et al., 2015).  Moreover, components of the iron-

uptake signalling pathway in host roots appear to be required for the onset of induced systemic resistance 

(ISR), which is triggered by selected plant growth-promoting rhizobacteria and fungI. Recent advances in 

iron homeostasis mechanisms in both plants and microbes emerging as a link between iron and both plant 

immunity and pathogen virulence. 

Role of Iron in Pathogen Virulence and Host Defence 
Because iron homeostasis is essential to the survival of both plants and microbes, therefore iron availability 

affects the outcome of plant-pathogen interactions.  

Pathogen virulence and iron: Iron Siderophore-mediated iron acquisition is essential for virulence of 

plant pathogens. The soil borne plant pathogens first need to compete with other members of the soil 

microbial community for the scarce available iron. A rhizosphere-competent microbe ideally produces high 

quantity of specific siderophores with a high affinity for iron, thus effectively deprive soil-borne pathogens 

and thereby suppress plant disease. To overcome these antagonistic microbes, pathogens produce the 

transcription factor HapX, regulator of fungal adaptation to iron starvation. 

The capacity to acquire iron from the host is also an important pathogenicity factor of foliar pathogens. 

Virulence of diverse plant-pathogens is depending on the pathogen’s capacity to secrete siderophores. The 

iron status of the host plant can positively or negatively affect pathogen virulence and the development of 

local defence responses. Iron acquisition is essential for the virulence of many plant pathogens, iron-starved 

host plants are less susceptible to pathogen infection than plants grown under iron-sufficient conditions. 
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The enhanced resistance of the iron-starved plants is due to the iron deprivation of the pathogen. In other 

cases, iron starvation promotes susceptibility to certain pathogens (Verticillium dahlia and Colletotrichum 

graminicola), because iron-deprived plants developed a weaker oxidative burst at the site of pathogen 

infection  and increased  production of toxic compounds (Albarouki et al., 2014) . 

Plant defence via changes in host iron homeostasis: In specific plant-pathogen interactions, 

pathogen-induced changes in plant iron homeostasis mechanisms affect host immunity. Siderophores of 

pathogens induce the expression of the iron storage gene FERRITIN1 (FER1), iron sequestration by 

ferritins is part of an iron-withholding defence strategy, induced in response to pathogen invasion, and 

stimulates the production of  the defence hormone salicylic acid in the host, resulting in induction of the 

PATHOGENESIS-RELATED defence marker gene PR-1, callose deposition along the leaf veins, and 

accumulation of H2O2 (Dellagi et al., 2009). These iron-related defence responses are caused by pathogen-

inflicted changes in iron distribution at the site of pathogen infection. Microbe-induced changes in iron 

homeostasis mechanisms can be expressed systemically throughout the plant. Pathogen-induced iron 

redistribution in the host can contribute to disease resistance, directly by withholding iron from the 

pathogen and indirectly by triggering defence responses. 

Beneficial Microbes Affect Plant Resistance via Iron 
Plant iron homeostasis is also affecting beneficial soil microbiota in rhizosphere. Among these are plant 

growth–promoting rhizobacteria and fungi that are known to trigger ISR. A connection between iron 

homeostasis and ISR was found in 1996 when Leeman and coworkers reported that the elicitation of ISR 

against Fusarium wilt in radish by beneficial Pseudomonas spp. was more effective under low-iron 

conditions, Siderophores shown to act as elicitors of ISR. Examples: Piriformospora indica and 

Trichoderma spp. ISR triggered by beneficial microbes is  associated with faster priming and stronger 

expression of cellular defence responses after pathogen attack  (Martinez et al., 2016). 

Conclusion 
Iron can catalyze the formation of deleterious reactive oxygen species. Hosts may use iron to increase local 

oxidative stress in defense responses against pathogens. Due to this duality, iron plays a complex role in 

plant-pathogen interactions. Plant defenses against pathogens and plant response to iron deficiency share 

several features, such as secretion of phenolic compounds, and use common hormone signaling pathways. 

Moreover, fine tuning of iron localization during infection involves genes coding iron transport and iron 

storage proteins, which have been shown to contribute to immunity. The influence of the plant iron status 

on the outcome of a given pathogen attack is strongly dependent on the nature of the pathogen infection 

strategy and on the host species. Microbial siderophores emerged as important factors as they have the 

ability to trigger plant defense responses. Still there is need to unravel molecular mechanisms that 

facilitate the development of pathogenic or beneficial life strategies under iron scarcity. 
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Abstract 
The activity of pathogens in plants is largely chemical in nature. Phytopathogens secrete a large number 

of enzymes which degrade the host protective layers. Thus, the enzymes are chemical weapons of 

phytopathogens. They enter into the host either through natural openings (stomata, lenticels, hydathodes, 

and nectarthodes), wounds or mechanically penetrating the host protective layers. Entry of fungal 

pathogens may take place by any or more above means. Bacteria enter the host tissues through any opening 

in the host surface because most of them do not secrete wall degrading enzymes. Enzymes are generally 

large protein molecules that catalyze biochemical reactions. Some enzymes are constitutive, active all time 

and catalyze all the vital reactions needed to the organism whereas some enzymes are produced only when 

they are needed by the cell in response to internal or external factors. 

Introduction 
Enzymes are large protein molecules that catalyze all the interrelated reactions in a living cell. Enzymes 

may play an important role in making plant susceptible to invasion by pathogens resulting in intra and 

intercellular penetration of host tissue.Enzyme involved directly or indirectly with the development of 

disease in plant. Usually, the first contact of pathogens with their host plants occurs at a plant surface. 

Some enzymes are present in cells at all time (constitutive). Many are produced only when they are needed 

by the cell (Induced). Increase in oxidases such as polyphenol oxidase and peroxidase I1as been frequently 

observed as a prominent effect of infection in several cases of host-pathogen interactions (Farkas and 

Kiraly, 1958; Byrde, 1963. In the case of vascular wilt diseases of plants, a definitive implication of 

pectolytic activity has not been possible particularly in the absence of extensive rotting or tissue maceration 

in the wilt syndrome. All the wilt inducing pathogens so far studied secrete pectolytic enzymes under 

defined conditions in vitro and some of them have been shown to secrete larger amounts of these enzymes 

in presence of pectin (Waggoner and Dimond, 1955; Lakshminarayanan, 1957). 

Enzyme in Pathogenesis 
1. Pathogenic fungi and bacteria often damage their host plant by producing enzymes, which cause various 

symptoms including such as:-Suppression of seed germination. 

2. Malformation, Leaf spot, Blotches. 

3. Stunting, Tuber rotting, soft rot. 

4. Necrosis, chlorosis, wilting, water soaking and eventually the death of plant. 

Criteria of Enzyme 
1. Enzymes in pathogenesis: In1980s six criteria were set out to the involvement of degradative enzymes 

in pathogenesis. 

2. Ability of pathogen to produce enzyme in vitro. 

3. Enzyme must be detected in disease tissue. 

4. Depletion of plant material such of middle lamella. 

5. Establishment of correlation between enzyme production and pathogencity. 

6. Symptom reproduction in host when added with purified enzymes. 

7. Symptom reduction in vivo after the enzyme activity is inhibited. 

What is Plant Pathogenic Enzyme? 
1. Extracellular enzymes secreted by the fungal and bacterial pathogens are able to degrade the tissue and 

decompose the structural component of host cell at the time of host-pathogen interaction.  
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2. Hydrolytic enzymes are extremely important in pathogenesis because they provide the pathogen 

chemicals. 

Cell Wall Degrading Enzymes 
1. Cutinases  

2. Cellulases  

3. Pectinases   

4. Hemicellulases 

5. Lignases 

Cuticular Enzymes 
Cutinases: Heinen (1960) and Linskens (1965) reported production of two cutin degrading enzyme by 

Penicillium spinulosum viz.cutin esterase, and carboxy cutin esterase. Cuticle is made up of cutin which is 

admixed with waxes at upper part and in the lower part it is admixed with pectin and cellulose. Cuticular 

waxes are found as granular or rod like projections or as a continuous layer outside or within the cuticle. 

Pathogens have the ability to degrade this. This has been found in Puccinia hordei which produces enzymes 

degrading waxes. Many fungi and bacteria are known to produce cutinase. These enzymes break the cutin 

to release monomers and oligomers of the component fatty acid derivatives from the insoluble cutin 

polymer. The highest amount of cutinase is produced at the time of penetration. 

Cutinases enzymes: 

Name of  cell 

wall component 

Degrading 

enzyme 

Mode of action   Produced by  

Cutin  Cutinase  Breaks cutin molecules 

and release monomers 

as well as oligomers of 

fatty acid. 

Fusarium solani f. sp. pisi  (root rot of pea), 

Colletotrichum gleospriodes (anthracnose 

of mango), 

Streptomyces scabie (potato scab),  

Aspergillus niger (crown rot in peanut)  

Cellulose (Cellulolytic Enzymes) 
These enzymes degrade cellulose, the chief constituent of cell walls. These are produced by many 

phytopathogens such as fungi, bacteria and nematodes. Saprophytic fungi and bacteria break down most 

of the cellulose in nature. Cellulases degrade cellulose to facilitate penetration and spread of the pathogen 

into the host tissue. They degrade cellulose in a series of steps, which are catalysed by series of enzymes, 

known as cellulose complex .These are classified as C1, C2 and Cx. C1 breaks the native cellulose by 

cleaving cross linkages between chains. C2 enzyme also attacks native cellulose and breaks them into 

shorter chains, which are then attacked by the next group Cx. Cx degrade them into disaccharide units 

cellobiose. Cellobiose is further degraded to glucose monomers. Thus, phytopathogens degrade the firm 

compact water insoluble cellulose into the soluble form, glucose. This glucose serves its best food to 

establish into the host tissues. 

1. Main polymeric component of the plant cell wall found in secondary cell wall. 

2. It consist of chains of glucose (1–4) b-d-glucan molecules and occure in all higher plants in the form of 

microfibrils.  

3. Cellulolytic enzymes break-up of the wall barrier for entry of pathogen in plant.  

4. Basidio-mycetes are the most important degraders of this polymer because many species grow on dead 

wood or litter, in environment rich in cellulose. 

Pectin 
1. Pectic substances are complex polysaccharides consisting mostly  chains of galacturonan molecules. 

2. They are present in the primary cell wall and are the major components of the middle lamellae. 

3. Pactic substances are break down by pectinases enzyme. 

4. When pectic chains are broken down, cells lose strength and shift within the walls of a plant this leads 

to wilting. 
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Pectic enzymes: 

Name of cell 

wall component 

Degrading enzyme Mode of action Produced by 

Pectin  • Pectin methyl 

esterases 

(PME) 

• Polygalacturon-

ases (PG) 

• Pectin methyl 

galactaronases 

(PMG) 

• Pectin lyses 

(PL) 

• PME hydrolyses and 

breaks the ester 

linkage of pectin 

chains. 

• PG (Exo & Endo) 

hydrolyticallly break 

the pectic acid acting 

on terminals and mid 

part of polymer. 

• PL breaks the 

polymer by a non 

hydrolytic method 

thus releasing 

unsaturated sugars. 

• Erwinia 

carotovora, 

• E. chrysanthemi,  

• Rhizoctonia 

solani,  

• Puccinia graminis 

tritici  

• Fusarium 

oxysporum f. sp. 

• Lycopersici.  

a. Pectinase  leads to tissue maceration, that is softening of plant tissues.  

b. These enzymes are primarily produced by soft rot pathogens such as Erwinia Chrysanthemi,  E. 

Carotovara. 

c. Singh (1966) working on foot-rot of rice showed that application of rufianic acid, an inhibitor of pectinase 

(Grossmann, 1962) could reduce the mortality and foot-rot and demonstrated the important role of these 

enzymes. 

d. Pectinases are a big group of enzymes that break down pectic polysaccharides of plant tissues into 

simpler molecules like galacturonic acids.  

e. Fusarium oxysporum, B. cinerea, Sclerotinia sclerotium, Pythium species, Phytophthora and Rhizopus.  

f. Specialized pathogen like Puccinia graminis tritici also produces pectinases enzymes during spore 

germination. 

Hemicelluloses 
1. Hemicelluloses are a diverse group of polysaccharides usually characterized by having a β-(1→4) - linked 

backbone of mannose, glucose, or xylose. 

2. The central role of hemicelluloses is to fortify the cell wall by interaction with cellulose and sometimes 

lignin. 

3. Hemicellulose mainly found in secondary plant cell walls. 

Role of Hemicelluloses, lignolytic enzymes, Amylase, Protease and Lipases: 

Name of  

cell wall 

component 

Degrading enzyme Mode of action Produced by 

Hemi-

cellulose 

• Xylanases  

• Galactanases 

• Glucanases 

• Arabinases  

• Mannases  

These are complex 

mixture of polysaecharide 

polymer. Depending on 

the monomer released 

from the polymer on 

which they act, the 

particular enzymes are 

called xylanases, 

mannase etc. 

Colletotrichum carbonum  

(maize), F. oxysporum f. sp. 

dianthi (carnation), C. purpurea, 

Botritis cinerea.  
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Lignin 
1. It is a phenolic polymer mainly found in middle lemila as well as in the secondary cell wall of xylem 

vessels.  

2. lignin polymer is perhaps more resistant to enzymatic degradation than any other plant substance.  

3. Most lignin degraded by a group of basidiomycetes known as white- rot fungi. These fungi produce 

ligninases that able the fungi to utilize lignin.  

Lignin degrading enzyme: 

Name of  

cell wall 

component 

Degrading 

enzyme 

Mode of action Produced by 

 Lignin  Ligninass  Lignin is an amorphous three-

dimensional polymer. basic 

structural unit of lignin is a 

phenylpropanoid: where one or 

more of the carbons have a —

OH, —OCH3, or KO group.  

Only small group of  

micro-organisms are  

capable of degrading lignin. 

From the group of Basidiomycetes 

 (hymenomycetes) i.e. 

 brown rot and white 

 rot fungi can degrade lignin.  
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Metabolomics are defined as the detection, identification and quantification of all the metabolites in 

biological samples (Kumar et al., 2016). Metabolomics emerges as the most advanced “omics” study to 

characterize the metabolic profile of living organisms. Metabolomics encompasses a broad array of small 

molecules or metabolic intermediates such as amino acids, peptides, lipids, nucleic acids, carbohydrates, 

organic acids, ketones, aldehydes, amines, steroids, and vitamins, hormones, signaling molecules, and 

secondary metabolites like polyphenols and flavonoids. The metabolite contents of plants are so numerous 

that the total number of metabolites in plants is found to be 2,00,000 among which 7000–15,000 are found 

in each individual species and around 3000–5000 is present in the leaves (Kim et al., 2010).Compared with 

transcriptomics and proteomics, metabolomics reproduces more thorough information about the biological 

regulatory mechanisms. Compared with animals, plants contain remarkably diverse metabolites that make 

plant metabolomics a potent tool, implemented in diverse areas such as fingerprinting of genome and 

ecotypes, comparison between mutants with their wild types, activity determination of bioactive 

compounds of medicinal plants, and the environmental effects on the physiology of plants.  Metabolomics 

is a fast-growing technology that helps in the phenotyping of plants, which can be helpful for increasing 

the nutritional value of the crop plants. 

Metabolomics approaches such as mass spectrometry (MS) combined with Gas Chromatography (GC) or 

liquid chromatography (LC) (like GC–MS and LC-MS), Fourier-transform ion cyclotron resonance-MS (FT-

ICR-MS), capillary electrophoresis-mass spectrometry (CE-MS), direct injection mass spectrometry 

(DIMS), high-performance liquid chromatography (HPLC) with photodiode array detection, thin layer 

chromatography with ultraviolet (UV) detection, and nuclear magnetic resonance (NMR  ) are successfully 

employed in the field of plant science.GC-MS, LC-MS, DIMS, and NMR are frequently used for the study 

of plant metabolomics. MS is more advantageous over NMR because of its high sensitivity and resolution. 

In MS the analytes are first ionized and then transported through the mass analyzers. There are a number 

of ionization techniques such as electron impact ionization (EI), fast atom bombardment, electrospray 

ionization (ESI), atmospheric pressure chemical ionization, and matrix-assisted laser desorption/ionization 

(MALDI).To study the diverse metabolites in plants, two types of metabolomic approaches can be taken, 

namely, targeted and nontargeted metabolomics. The number and concentration of metabolites that are 

usually synthesized in plants are significantly enhanced during stress encounter. The up- and down-

regulations of metabolites play important roles in getting an insight into the stress responses of plants. 

Metabolomic studies have become increasingly common in plant physiology and biochemistry. Metabolomic 

studies include abiotic factors (drought, temperature, salt, oxidative stress, flooding, nutrient deficiency, 

heavy metals) and biotic factors (disease and pest). A study conducted by Zhang et al. (2020) in Prunus 

mira, male sterile flowers displayed abnormal stamen, uncolored anthers, distorted and shrunken pollen 

grains with an apparent lack of turgidity. Most of the DAMs belong to the phenyl propanoid biosynthesis 

pathway, particularly flavonoid, flavone and flavonol biosynthesis pathways, implying that alterations in 

these key pathways link to male sterility. According to Zhang et al. (2019) in Prunus mira, bird’s selective 

behavior may be mediated by variations in floral metabolite contents like Eriodictiol 6-C-hexose 8-C-

hexoside-O-hexoside, Luteolin O-hexosyl-O-hexoside and Salvianolic acid A. Salvianolic acid A was 

abundantly accumulated in bird’s preferred flowers and absent in bird’s avoided flowers. Nascimento et al. 

(2018) conducted an experiment to study the influence of the maintenance of natural biodiversity near a 

conventional banana (cv. Nanicao) crop on the metabolic profiling of ripe banana fruits. A total of 76 

metabolites were identified in ripe banana fruits. Bananas harvested from near natural forest plot showed 

increased levels of gamma-amino butyric acid (GABA), fatty acids and reduced levels of putrescine 

compared with fruits from distant natural forest plot. Catola et al. (2015) reported that levels of the 

pomegranate green leaf volatile compound i. e trans-2-hexenal increased in response to drought stress and 

suggesting that a possible role of this compound in drought stress response. Luengwilai et al. (2018) 



 

 
Volume 3 - Issue 6 - June 2021       528 | P a g e  
 

confined in pineapple fruit (Trad Sri Thong (TST) - susceptible and Pattavia (PTV) - tolerant) to identify 

key metabolites coincident with post-harvest internal browning. The tolerant pineapple cv. Pattavia 

showed greater shifts in metabolism and accumulated higher levels of amino acids and organic acids, 

especially, valine, cysteine, aspartate and galacturonate. Lactic acid content of susceptible cultivar was 

higher upon chilled storage.  

Identification of metabolite biomarker can be helpful for researchers to understand the regulatory factors 

perturbing plant metabolism under various biotic and abiotic stress conditions. To develop stress tolerance 

in various horticultural crops through metabolic/genetic engineering is better option than conventional crop 

improvement. 
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Introduction 
Groundnut (Arachis hypogea) is a leguminous crop contains 45% oil and 26% protein in kernels. Groundnut 

crop prone to attack by various diseases like alternaria leaf blight, anthracnose, collar rot, aspergillus 

crown rot among these fungal diseases leaf spot of groundnut (Early and late) is the most serious and 

important disease of groundnut and commonly called “Tikka” disease. Cercospora leaf spot of groundnut is 

a major disease caused by fungi and occurs on all above ground part of the plant, more severely on the 

leaves. It is major problem of groundnut and in most cases, farmer finds it difficult to clearly differentiate 

between the symptom of early and late leaf spot of groundnut. 

Early Leaf Spot 
Cercospora arachidicola (Sexual stage- Mycosphaerella arachidis). 

Nature: Soil and Air-borne. 

Symptoms: Early leaf spot usually causes light brown spot (Circular to irregular) that are surrounded by 

a Yellow halo. Early leaf spot infection starts about a month after sowing. Lesion also appears on petioles, 

stems, stipules. Early leaf spot produce tufts of silvery, hair-like spores on the top of leaf. In severe cases 

several lesions coalesce and result in premature senescence.  

Favorable condition: Lower temperature (25oC), high relative humidity and rainfall and monoculture of 

groundnut. 

 
Early leaf spot 

Late Leaf Spot 
Phaeoisariopsis personatum (Sexual stage- Mycosphaerella berkeleyi) 

Nature: Soil and Air-borne. 

Symptoms: Late leaf spot symptoms are circular and darker brown spots appear on the lower surface of 

the leaflets. Lesions are rough in appearance. Late leaf spots infection starts 55-57 days after sowing in 

Kharif and 42-46 days after sowing in Rabi season. The yellow halo is either absent or less conspicuous in 

late leaf spot. 

 
Late leaf spot 
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Favorable condition: 18-30oC temperature, magnesium deficiency soil, and high application of nitrogen 

and phosphorus fertilizers. 

Mode of survival of early and late leaf spot: Pathogen survives in the infected plant debris through 

conidia, dormant mycelium in the soil.  

Spread of the early and late leaf spot pathogen: Primary infection by conidia from infected plant 

debris and secondary spread by windblown conidia and rain splash also help the spread of conidia. 

Management of early and late leaf spot pathogen: 

a. Deep burying of crop residues in the soil, destruction of crop residues, and removal of volunteer 

groundnut plants is important in reducing the primary source of infection. 

b. Intercropping pearl millet or sorghum with groundnut (1:3) is useful in reducing the intensity of 

late leaf spot. 

c. Seed treatment with Thiram/Carbendazim @ 2g/kg of seed. 

d. Seed treatment with Pseudomonas fluorescence @ 10g/kg of seed.  

e. Soil application of 2kg/ha Trichoderma viride mixed with 25kg FYM. 

f. Spray Carbendazim 0.1% or Mancozeb 0.2% and if necessary, repeat after 15 days. 

Conclusion 
Early and late leaf spots are major problem whenever groundnut is grown. Early and late leaf spots are 

both soil and air-borne pathogen. Pathogens are survived in infected crop debris. Yield losses caused by 

these diseases range from 10-50% all over the world, therefore control measure are very important for the 

management of these diseases through cultural practices, seed treatment with fungicide and biological 

agent or direct spray of the suitable fungicide. 
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Summary 
Water needs to be used very efficiently to meet the growing demands of agricultural production to feed the 

exploding population. The biggest consumer of water is the agriculture sector as it requires more than 70% 

of the available freshwater. There are many ways to reduce the amount of water required for agriculture 

including limiting the percolation, surface-runoff and seepage losses.  The concept and idea of “More crop 

per drop” are found to be sustainable and promising in order to resolve the problems associated with water 

scarcity in the agriculture sector. 

Introduction 
Water is the most crucial component for all living organisms (plants and animals). Scarcity of water is a 

major problem and a critical limiting factor for agricultural production. Changing climatic conditions 

leading to variations in monsoon rains and depleting water table are the primary causes shortage of water. 

Apart from the presence of limited water, another important issue is the consumption of more water by 

some crops. For instance, cereal crops account for more than 50% of water in India. In near future, with 

the growing demands of consumption of water in the agricultural and industrial sectors, the only available 

sustainable approach to overcome this hurdle is to produce more with less amount/usage of water. Water 

use efficiency (WUE) is the final product (output) obtained from the input given/provided in the form of the 

amount of water. It is an important physiological parameter that is correlated with the ability of a crop to 

withstand any water stress conditions. In other words, it is characterized by crop yield per unit of water 

used. WUE is defined as the biomass produced per unit area per unit water lost through the process of 

transpiration. It is given by the following equation. 

WUE = Y/ET (Y – yield (kg/ha; ET – evapo-transpiration (mm)) 

To meet the growing demands of the population, it is necessary to feed with a healthy diet and at the same 

time having less or minimized effect on the environment. India is the major water consumer used for 

agricultural production (91% of freshwater from both ground and surface waters) and a leading cause for 

the depletion of water. Therefore, the only and best plausible way for producing more through sustainable 

ways is through produce more by minimizing water consumption (more crop per drop). 

Late Leaf Spot 
Selection of crops and varieties – Crop selection is very important to consider as it is always better to sow 

crops that are rain-fed rather than depending upon the irrigation systems. Also, C4 plants use water more 

efficiently than C3 plants. The varieties giving more yield should be preferred over those giving less produce 

to maximize the water use.  

Planting, tillage and intercropping – Germination is crucial for the growth of crops and requires a sufficient 

and proper amount of water. Therefore, it is always beneficial to sow the seeds in soils with good moisture 

content. Soil hydrological properties influence the root growth, canopy development of crops, water 

absorption patterns and its transport along solutes are governed by the soil tillage. The accurate and correct 

tillage practice may help to restore the available moisture. Thus, the conservational methods are better 

than conventional tillage practices. The practice of cropping different crops can result in reducing the 

consumption of water greatly. For instance, rice-coriander-maize and rice-lentil-maize when grown 

alongside cowpea. Some other factors which can influence the consumption of water include type and 

timings of irrigation, planting methods and addition of fertilisers. Around 3 billion people worldwide 

consume rice as their staple crop and it may increase by 1% till 2025 in Asia and 0.6 – 0.9% worldwide by 

2050. Rice requires at least three to four times more water than the other crops. 
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Government Programs and Schemes to Promote ‘Per Drop More Crop’ 
A scheme of ‘Per Drop More Crop’ was implemented under a centrally sponsored program called ‘Pradhan 

Mantri Krishi Sinchayee Yojana (PMKSY-PDMC)’ from 2015-16 in all the states of the country by the 

Department of Agriculture, Cooperation & Farmers Welfare (DAC&FW). The primary aims of this scheme 

were to enhance the water use efficiency at the farm level through the application of micro irrigation like 

drip and sprinkler systems. It also provides micro-level water storage or conservation/management 

activities and promotes the farmers to install micro-irrigation systems. The drip micro-irrigation technique 

helps not only in saving water but also reduces the application of chemical fertilizer, expenses of labour 

and other input costs it incurs. The concept of ‘Per Drop More Crop’ is further enhanced through various 

similar such programs like the Atal Bhujal Yojana (ABHY), Namami Gange Districts, Pradhan Mantri 

Kisan Urja Surakshaevem Utthan Mahabhiyan (PM-KUSUM), Water Harvesting Structures through 

Watershed Development component of PMKSY to intensively propagate micro-irrigation.  The Micro-

Irrigation Fund (MIF) with a corpus of Rs. 5000 crores were created with National Bank for Agricultural 

and Rural Development (NABARD) during 2018-19. The state governments have identified some of the 

beneficiaries which are to be covered under this programme and to release funds to some of the states is 

already underway for the year 2020-21. 

Conclusion 
With the increasing population of the world, the demand for food increases which in turn increases the 

consumption of freshwater usage required for agriculture. Therefore, the ultimate aim is to produce more 

with less water. The primary challenges associated with irrigation during agriculture is to improve 

productivity with enhanced efficiency of water by maintaining sustainability in agriculture. Furthermore, 

suitable public policies are required for reducing water consumption in the agricultural sector of our 

country. 
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Introduction 
A high proportion of women in both industrialized and developing countries become anaemic during 

pregnancy .WHO reports that 35 to 75 per cent of pregnant women in developing countries become anaemic. 

In India anaemia is one of the most common nutritional deficiencies in human population. According to 

NFHS-3 anaemia is a public health problem in India. It is prevalent in 56 percent women and 87 percent 

of pregnant women .In slums of Bombay anaemia was found to be present in 70 % of women over the age 

of 70,52% in of women over the age of 60 and 38 % of men (Sharma, 2003) The prevalence of iron deficiency 

is far greater than prevalence of anaemia and iron deficiency i.e. low serum ferritin and scare or absent 

stainable iron in bone marrow which develop during the later stage of pregnancy even in women who enter 

pregnancy with relatively adequate iron stores. 

Food based approaches to address anaemia in India is promoted through nutri kitchen gardening but 

information to which and what extent food combinations would improve the bioavailability of dietary iron 

is fragmentary, however there is a positive correlation between dietary iron supplementation in the form 

of taking moringa powder along with iron enhancer in the form of aonla juice as revealed while conducting  

feeding trial at kvk level. 

Iron Metabolism During Pregnancy 
The iron requirements during pregnancy are well established. Most of the iron is required to increase the 

haemoglobin mass of the mother. This increase occurs in all healthy pregnant women who have sufficiently 

large iron stores or who are adequately supplemented with iron. The increase is directly proportional to 

the increased need for oxygen transport during pregnancy and is one of the physiological adaptations that 

occur in pregnancy. 

Iron absorption during pregnancy is determined by the amount of iron in the diet, its bio availability(meal 

composition)and changes in the iron absorption that occur during pregnancy. Several studies have found 

that the composition of the meal is almost unchanged during pregnancy  in spite of extra energy 

requirement related to pregnancy per se. These are however balanced by a simultaneous reduction in 

physical activity. 

With regard to iron balance in pregnancy even considering the marked increase in Iron absorption it is 

impossible for mothers to cover her very high iron requirements from the diet alone .It can be calculated 

that there will be a deficit of about 400-500mg iron between requirement and amount of iron absorbed 

during pregnancy. 

It is therefore recommended that iron supplementation should be in the form of tablet and preferably 

together with folic acid. 

At delivery, the average blood loss corresponds to the about 250mg.At the same time however haemoglobin 

mass o the mother is normalized and about 200 mg from the expanded haemoglobin mass is returned to 

the mother. 

Early in the pregnancy there are marked hormonal, hemodynamic and haematological changes. There is 

for e.g., a very early increase in the plasma volume which has been used to explain physiological anaemia 

of pregnancy. The primary cause of this phenomenon is an increased ability of haemoglobin to deliver 

oxygen to the foetus. This change is induced early in pregnancy by an increase in the content of 2-3 DPG 

in red cells which shifts the Hb-O2 dissociation curve to the right. The anaemia is thus a consequence of 

this important adaption and is not a desirable change to improve placental blood flow by reducing viscosity. 
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Iron Transfer to Foetus 
Transfer of iron from the mother to the foetus is supported by a substantial increase in maternal iron 

absorption during pregnancy and is regulated by placenta. Serum ferritin generally fall markedly between 

12-25 weeks of gestation, probably as a result of iron utilisation for expansion of maternal red cell mass.   

If the maternal iron status is poor the number of placental transferrin receptor s increases so that more 

iron is taken up by placenta .Excessive iron transport o the foetus may be prevented by the placental 

synthesis of ferritin. 

Effect of Anaemia on Maternal Mortality and Morbidity 
The population of pregnant women is at greater risk of ,maternal morbidity and mortality. (Allen,2000). 

Maternal mortality in selected developing countries ranges from 27(India) to 194 (Pakistan) per 1000000 

live birth (WHO,1992). Some data show association between maternal mortality and severe anaemia 

however  this relation has not been proved and other reasons may cause mortality. The increased risk of 

mortality may be related to poor ability to withstand the adverse effect of excessive blood loss, an increased 

risk of infection and maternal fatigue however these have not been evaluated  systematically. 

Maternal Anaemia and Birth Weight 
The increased foetal demand for iron increases maternal daily iron requirement (1 to1.25mg/day) in early 

pregnancy and 6.5 mg/day in late pregnancy. The percentage of iron absorbed from food increases from 7% 

at 12-week gestation to 36% at 24 weeks to 66% at 36%. These dramatic changes enable the healthy 

pregnant women to cope with without becoming anaemic but only if there is adequate iron in the diet. In 

developing countries diet is deficient in iron and iron requirement is met by additional contribution of iron 

from maternal stores. This demand of iron causes the mother to develop iron deficiency anaemia if she has 

inadequate amount of iron at the beginning of pregnancy. 

Maternal Anaemia and Infant Health 
An association between maternal anaemia and lower infant Apgar score was reported in some studies on 

102 Indian women in the first stage of labour, higher maternal haemoglobin concentration was correlated 

with better Apgar score and with lower risk of birth asphyxia. 

Strategies to Prevent Iron Deficiency Anaemia 
Iron deficiencies affecting the lives of 2-billion-person s despite considerable efforts are being done to 

decrease its prevalence. Normal dietary intake of iron is insufficient to meet daily requirements so current 

control program include supplementation, fortification, dietary modifications and parasitic disease control. 

Summary 
The public health program of iron fortification and community awareness have great  success in many parts 

of the world in reducing anaemia .Program targeted to increase the consumption of iron fortified and iron 

enriched products have reduced the prevalence of anaemia. Fortification of baby foods has resulted in a 

dramatic reduction in childhood iron deficiency in USA. A variation on the theme of food fortification is 

emerging world of designer food in which particular compound of a food are either increased or decreased 

through bio manipulation. Such attempt to increase bio available micronutrient includes genetically 

deleting iron inhibitors and genetically enhancing the amount of nutrient. 
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Salinity stress is a major abiotic stress that limits plant growth and development due to increasing soil 

salinization and the use of poor-quality irrigation water in many areas of the world. The salinization 

process occurs in arid and semi-arid regions because of an insufficient amount of precipitation and high 

evaporation for considerable leaching. Initially, salinity stress inhibits plant growth and development in 

the form of osmotic stress which is then followed by ion toxicity. 

Introduction 
Salinity refers to the amount of dissolved salt present in soil and water. Plant growth and development are 

adversely affected by salinity stress that limits agricultural production. Generally, plants differ from one 

another based on salt tolerance. 

1. Halophytes: This category plants grow under high salt concentrations. 

2. Glycophytes: This category plants cannot grow under high salt concentrations. 

Halophyte plants are more able to survive under high salt concentration than glycophyte plants. These 

plants cope with the adverse effect of salinity by activating various physiological and biochemical defense 

mechanisms i. e. ion accumulation and toxic ion distribution, alteration in morphological and anatomical 

structure, osmotic management and hormonal regulation (Yang et al., 2012). The majority of the crop 

belongs to the second category. Thus, salinity is one of the most brutal environmental stress that impede 

crop productivity worldwide (Munns and Tester, 2008). 

Effect of Salinity Stress on Plant Growth and Development 
The deleterious effect of salinity stress on plant growth and development are: low osmotic potential of soil 

solution, imbalance nutrition, specific ion effect and combination of all these factors (Ashraf 1994). Salinity 

causes the accumulation of Na+ and Cl- ions in the tissue of plants. High Na+ concentration inhibits the K+ 

uptake which is an essential element for plant growth and development. Salinity stress also considered as 

hyperosmotic stress because osmotic stress reduces water absorption capacity, increase water loss from 

leaves and high salt accumulation in soil and plants. 

 
Fig. 1 Responses of salt stress in plants   
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The result of salinity stress is the production of reactive oxygen species (ROS), such as superoxide, singlet 

oxygen, hydroxyl radical and hydrogen peroxide (Ahmad and Umar, 2011). Salinity-induced ROS formation 

can lead to oxidative damages in various cellular components such as proteins, lipids, and DNA, 

interrupting vital cellular functions of plants. 

Salinity cause ion toxicity in the root zone of plants, ion toxicity promotes the reduction of water absorption 

by the plant root system as a result plant absorb less water and if the transpiration is higher than water 

absorption, the result is a water deficit. Water deficit caused a reduction in photosynthetic rate, protein 

synthesis and growth rate (Fig.1). 

Seed germination: Salinity stress can affect seed germination either by creating osmotic potential which 

prevent water uptake or by toxic effects of ions on embryo viability. Salinity stress also reduce the activity 

of α-amylase enzyme which is helpful for seed germination.   

Seedling growth: Early seedling growth is more sensitive. There is a significant reduction in root and 

shoot growth and their length. Root and shoot growth reduced due to salinity cause inhibitory effect on cell 

division and enlargement in the growing point. 

 
Fig. 2 Effect of salt stress 

Vegetative growth: When plants reach the vegetative stage, salt injury is more severe only at high 

temperature and low humidity. Because under these conditions, the transpiration rate will be very high as 

a result uptake of salt is also high. 

Reproductive stage: Salinity affects onset of flowering, panicle initiation, spikelet formation, fertilization 

and pollen grain germination. 

Conclusion 
Salinity is one of the most important abiotic stresses that adversely affects plant growth and 
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development around the world. Salinity stress occurs in form of osmotic stress and ionic stress. Salinity 

stress affect the plant from their seed germination to harvesting and ultimately reduce the crop yield. 
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Abstract 
A preliminary survey was conducted in Vasihali district of Bihar to document the dominant agroforestry 

system and found that two major agroforestry systems (AFS) viz agri-horticultural (AH) and agri-

silvicultural systems (AS) are prominently adopted by farmers of this region. Specifically, mango and litchi 

based AFS under AH system prevails the maximum adoptability due to highly remunerative and more 

stress tolerant than agricultural crops. Apart from this, poplar based AFS was also found to be promising 

one due to its less gestation period. In terms of soil organic carbon content in the soil, poplar based AFS 

recorded the maximum as compared to other counterparts. Hence, by considering the potentiality of higher 

carbon stocking and more economically viable poplar based AFS can be adopted at larger scales in alluvial 

plain of Indo-Gangetic region.  

Keywords: Agroforestry systems, exploratory studies, poplar, carbon stocking, alluvial plains. 

Introduction 
The ever-increasing demand of multifarious products for human consumption calls in the present scenario 

of climate change calls for development of sustainable land use system. In other words, there is need for 

diversification of existing of farming systems by incorporating suitable agroforestry models (Singh et al., 

2017). The necessity and importance of agroforestry system (AFS) is being realized and explored by 

different stakeholders across the world for several reasons. Along this line, the role of agroforestry for 

increasing farmer’s income and employment generation is highly appreciable.  At the same time, the 

potential and scope of agroforestry for carbon sequestration is widely known and acceptable one. The 

importance of agroforestry at National level has gained more popularity with the introduction of “National 

Agroforestry Policy 2014”. Following this path, Bihar government also framed “Bihar state agroforestry 

Policy 2018” with the main aim to increase the Trees outside forest (TOFs) in the state. In this context, 

agroforestry remained the most viable option to achieve one-third of the total geographical area of the 

country under forest cover. Despite the huge potential of agroforestry, still it requires more research 

intervention by providing quality seed or planting materials, identification of location specific models, 

regulation of marketing channels, modification of tree felling and harvesting rules, etc., to allow more 

diversification of AFS. 

Study Area 
The vast Indo-Gangetic plain, spread over the plains of western Uttar Pradesh and Bihar is the major food 

bowl region of India and supports a vast population primarily engaged in agriculture as their major 

occupation. The state of Bihar predominantly cultivates cereals and devotes around 79 per cent of its gross 

cropped area (TE 2014-15) for cereal production as compared to the national average of 51 per cent. In 

Bihar, rice and wheat dominate the agricultural sector, contributing around 70 per cent of its gross cropped 

area (GCA). Rice is the dominant kharif crop and wheat is the most important rabi crop. The Vaishali 

district (1995 sq. kms) falls in the fertile IGB (Zone 1, North West Alluvial plains). Nevertheless, this region 

is come under the flood prone zone of the state, agriculture remained the main source for livelihood. 

Farmers of this region usually grown rice, wheat, maize, tobacco as a cash crop, and among the 

horticultural crops mango and banana represented the highest contribution. Out of the total geographical 

area of about 2036 km2, only 86 km2 is represented by forest cover area, which is 4.22 % of the total area 

(MoEF, 2011). Considering the present situation of the forest and tree cover of this region, there is huge 

scope to expand the area under tree area where agroforestry is being considered as most viable option. 
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Documentation of Agroforestry Systems 
In order to document the dominant AFS in Vaishali district, a preliminary survey based on questionnaire 

through direct personal interview of farmers in 4 selected blocks of Vaishali district was carried out. Soil 

samples were also collected from selected system at three different depths (0-15, 15-30 and 30-45 cm). The 

farmers of this region generally practiced agri-silvicultural (AS) and agri-horticultural (AH) types of AFS 

(Table 1; Figure 1). Apart from these systems, patches of bamboo (Dendroclamus strictus) are maintained 

in common lands or in corners of fields due to their versatile use in rural areas. Farmers of this region 

preferred to grown horticultural fruit species like mango and litchi as they are highly remunerative and 

even grown at certain level of stress condition compared to annual crops. While, the selection of intercrops 

in agroforestry systems was mainly determined by availability of land, ease of cultivation and their 

availability and economic returns. Some of the major tree species recorded during this study includes 

Mangifera indica, Litchi chinensis, Tectona grandis, Dalbergia sissoo, Moringa oleifera, Terminalia spp, 

Anthocephalus cadamba, Populus spp, Acacia nilotica, Swietenia mahagoni, Bombax ceiba, etc.  In general 

farmers of this region used to grow crops like paddy, wheat, pigeon pea, black gram, seasame, vegetables 

during the kharif season while wheat, lentil, mustard/rye, potato, pea, chickpea, tobacco during rabi season. 

Among the horticultural crops’ mango, litchi, banana have grown the maximum area in this region. 

Among the AFS, soil organic carbon (g/kg) content in the soil were calculated from four typologies of AFS 

namely, mango + agricultural crops; sissoo + agricultural crops; poplar + wheat; teak + agricultural crops 

by considering the nearly age tree species in different AFS. The result revealed that poplar based AFS 

content highest followed by sissoo based AFS (Figure 2). This could be mainly attributed due to more litter 

addition includes above and below ground biomass in the system. 

Table 1: Dominant agroforestry systems practiced in Vaishali District, Bihar: 

Sl. No Agroforestry System  Tree-Crop Mixtures  

1 Agri-horticulture (AH) Mango + Mustard 
Mango + Moong 
Mango + Potato 
Litchi + Vegetable crops 

2 Agri-silviculture (AS) Teak  (Boundary plantation) + Mustard 
Teak  (Boundary plantation) + Rice 
Teak  (Boundary plantation) + Vegetable crops 
Poplar + Wheat 
Sissoo + Mustard 
Sissoo + Potato 
Mahagony + agricultural crops 

 

 
Figure 1: Different agroforestry systems practiced in Vaishali district of Bihar. 
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Figure 2: Soil organic carbon content of different typologies of AFS in three different soil 

depths (cm) 

Conclusion 
Tree based farming systems includes AFS has been playing a major role in mitigating the climate change. 

On this context, information on existing agroforestry system in particular area is highly needed. During 

this study, it was observed that majority of the farmers of this region preferred fruits trees over timber 

species due to early returns in fruit crops and long gestation period of timber species such as teak, 

mahagony, etc. Apart from this fruit-based system, poplar based AFS found to be most promising one due 

to its shorter rotation period. Moreover, higher addition of litter (below and above ground) under polar 

based AFS improves the soil fertility. Therefore, poplar-based agroforestry system can be stretched out at 

larger scale in alluvial plains of Indo-Gangetic basin. However, for proper implementation and successful 

adoption of AFS, governments inputs such as supplying of good quality planting materials, capacity 

building, incentives to farmers as rewarding for ecosystem services, etc., is highly required at this point of 

time. 
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Introduction 
Irrigated agriculture has played a vital role in supporting a dramatic increase in global food production 

over recent decades. However, only 20 per cent of the world’s agricultural land is irrigated. It produces 40 

per cent of the world’s food supply. Even the traditional practices of irrigation, in whatever form, will have 

transient of long-term depressive effects of soil oxygen content. The depressive effect of irrigation on soil 

oxygen is higher for a given soil water potential on heavy clay soils (e.g., for vertisols) than on lighter soils. 

Hence plants suffered from sub-optimal oxygen supply in the root zone and causes hypoxia and anoxia. 

Aeration of subsurface drip irrigation (SSDI) has been shown to alleviate soil hypoxia/anoxia by providing 

air/oxygen to an oxygen-depleted plant root zone. This can be achieved by coupling an air injector venturi 

to draw air in to the subsurface drip irrigation system is known as oxygation/aerogation/air injection. 

Oxygation assures optimal root function, microbial activity, and mineral transformation and leads to 

enhanced yield and water use efficiency under hypoxic conditions. It also improves plant performance and 

yield under irrigated conditions previously considered to be satisfactory for crop growth and offers scope to 

offset some of the negative impacts of compaction and salinity related to poor soil aeration on crop growth. 

The aeration status of irrigated soils deserves more attention than it has received in the past if we wish to 

unlock yield potential constraints by soil oxygen limitations and enhance the yield potential to meet the 

future food (and fibre) demand. 

Effect of Soil Hypoxia 
1. The hypoxia stress on crops suffocated the transportation of phosphorylation electrons. 

2. Decrease water uptake. 

3. Reduces the nutrient transportation to above ground portion. 

4. Increases ABA synthesis in leaves and led to reduction in net Photosynthetic rate. 

5. Decline in organic matter decomposition. 

6. Reduced root growth. 

7. An alteration of the balance and supply of plant growth regulators. 

Aeration and Oxygen Dynamics in the Soil Profile Influenced by 
1. Soil type. 

2. Soil water. 

3. Soil temperature. 

4. Soil solutes. 

Approaches to Improve the Soil Aeration 
1. Soil based options 

2. Plant-based options 

3. Chemical-based options 

4. Management/irrigation-based options 

5. Oxygation-based option 

Oxygation-Based Options 
Oxygation is the process of aerating irrigation water and employing SDI to deliver it to the root zone. Hyper 

aerating irrigation water to increase the oxygen concentration is accomplished by either mixing air or by 

mixing peroxides such as hydrogen peroxide (H2O2) with irrigation water before it is distributed through 
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the irrigation lines. Oxygation offers plant roots and soil biota extra oxygen with water during, or prior to, 

finishing, each irrigation cycle when soil air has been replaced by irrigation water. With the current 

oxygation technology, the additional oxygen is provided directly into the rhizosphere during irrigation with 

air injection into the irrigation stream or close to the end of each irrigation cycle as with hydrogen peroxide 

injection. 

Methods of Air Injection 
1. Method of ventilation after irrigation: 

a. In the soil around the roots, drip irrigation belts are burried and the hose with holes connected to 

the water and air compressor above ground portion of belts. 

b. Use compressor to inject pure oxygen or compressed air into the root zone of soil. 

2. Method of water irrigation and air simultaneously: 

a. Before irrigation, it is disposing the water by super micro bubble generating system, so that the 

water enriched with bubble whose diameter is less than 3 μm. This is the method of irrigation water 

and air simultaneous. 

b. Usually, super micro bubble generating system used in the field of sewage treatment. 

3. Method of mixing gases with irrigation: At the entrance of underground irrigation system, use 

venturi injector to inject a certain amount of air, which is transported to the soil in crop root zone by water. 

This method is called mixing gases irrigation. 

4. Method of using chemical materials to increase oxygen: Use urea and calcium peroxide as 

fertilizer and add low concentration hydrogen peroxide (HP) to the water in the irrigation. These substances 

will release oxygen to add oxygen to the root zone soils slowly. This method is named using chemical 

materials to increase oxygen. 

Benefits of Oxygation 
Significant Increases In: 

a. Root Mass. 

b. Crop Yield. 

c. Fruit Density. 

d. Germination rate. 

e. Improves Water Use Efficiency. 

f. Early Maturation. 

g. Increases Plant’s Salinity Tolerance. 

h. Microbial Activity in Soils. 

i. Aerobic Improvements. 

j. Nitrogen Fixing Bacteria influence. 

k. Reduced Fertilizer Use. 

l. Sugar Content. 

Conclusion 
1. Oxygation through SSDI increased the industrial fruit yield by 11 per cent over control in pineapple and 

lint yield in cotton. 

2. The aeration mechanism improves oxygen environment of rhizosphere and sufficient oxygen guarantees 

the normal activities of soil microorganism, root activity, enhances the uptake of water, minerals 

absorption, canopy light interception rate and photosynthetic efficiency. Thus increased the crop yield and 

quality. 
  



 

 
Volume 3 - Issue 6 - June 2021       543 | P a g e  
 

Methods of Making Quality Hay and Silage 
Article ID: 11195 

Dr Nandini K M1, Dr Kiran Kumar1 
1University of Agricultural and Horticultural Sciences Shivamogga. 

 
 

Grass is the cheapest source of feed for any livestock enterprise and effective utilisation of grass and its 

management is the key to getting the most of your grassland. Ruminant animals depend on grass as a 

major source of energy and protein as well as vitamins and minerals. So, to take maximum return from the 

grass there is a way to make quality hay and silage from these. 

Silage 
Contains 1%-5% of free sugar. This can be fermented anaerobically into a lactic fermentation that will 

remain stable for years or even decades. Ideally grass should be cut, allowed to dry a little to 75% moisture 

content, and then chopped and taken to the store (silo) and compacted and sheeted with polythene sheet to 

exclude air. Silage has a characteristic and pleasant smell. 

Haylage 
Haylage usually has a moisture content of 75% to 55%. Hay is grass that is cut, dried and stored by humans 

to be used at a later date i.e., hay is sun-dried grass whiles silage is fermented pasture(grass). Hay making 

is the process of turning green, perishable forage into a product that can be safely stored and easily 

transported without danger of spoilage, while keeping nutrient loss to a minimum. This involves reducing 

its moisture content by drying the forage in the sun. The process of drying the green crop without significant 

change in aroma, flavour and nutritive quality of forage is called "curing". This involves reducing the 

moisture content of green forages, so that they can be stored without spoilage or further nutrient loss. 

Feeding hay to livestock helps reduce the amount of concentrate feeding, and thereby, the cost of feeding. 

The low moisture content of hay considerably reduces cost. 

Objective of Making Hay and Silage 
The objective behind making hay and silage is to preserve forage resources for the dry season (hot countries) 

or for winter (temperate countries) in order to ensure continuous regular feed for livestock, either to sustain 

growth, fattening or milk production, or to continue production in difficult periods when market prices are 

highest. 

Suitable Crops for Making Hay 
Crops with thin stems and more leaves are better suited for haymaking as they dry faster than those with 

thick, pity stem and small leaves. These may include Oats, Desmodium, Lucerne, Maize, Sorghum, Napier 

grass, Rhode’s grass. Leguminous fodder crops (e.g., Cow pea, Lucerne, etc) should be harvested at the 

flower initiation stage or when crown buds start to grow. Grasses and similar fodder crops should be 

harvested at the pre-flowering stage. At this stage, the crop has maximum nutrients and green matter. 

After flowering and seeding, grasses contain fewer nutrients. In order to make the process of curing easier, 

the fodder should preferably be harvested when air humidity is low. 

Basic Method of Making Hay 
1. Forage is cut before it is fully mature (long before it has seeded) to maximize its nutritive value. Although 

cutting hay early will result in lower total volume, the increase in nutritive value will more than 

compensate for reduced yields. 

2. Leaves are more nutritious than the stems, and so when cutting forage, it is important that it is cut with 

as much leaf and as little stem as possible. 

3. Do not leave cut forage to dry in a moist environment, as this will encourage the growth of moulds. These 

can be extremely harmful to livestock and to people handling it. 
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4. The cut forage is laid out in the sun in as thin a layer as possible, and raked a few times and turned 

regularly to hasten drying. 

5. Chopping forage into small pieces after drying will hasten the dying process. 

6. The drying process may take between 2 to 3 days. 

7. Hay should not be over dried as it may start to ferment and also become a fire hazard. 

8. The dried hay should ideally be stored in form of bales when the moisture content is low, ideally less 

than 15%. This helps storage and requires less space. 

Leaves are more nutritious than the stems, and so when cutting forage, it is important that it is cut with 

as much leaf and as little stem as possible. However, during drying, the leaf (being more brittle) will tend 

to shatter. Hay should therefore be handled with care, to try and minimize the amount of leaf that is lost 

in this way. 

Crops with thick and juicy stems can be dried after chaffing to speed up the drying process and to prevent 

loss of nutrients. Field curing is conducted during bright sunny weather but may result in bleaching of the 

forage and loss of leaves due to shattering. To avoid this, drying can be done in barns by passing hot air 

through the forage. Although artificial drying produces hay of good quality, it is expensive and beyond the 

reach of small and marginal farmer but can be attempted on a community basis in areas where there is a 

need, and the necessary facilities. 

Storage of Hay 
1. Hay must be stored in a dry environment. 

2. Hay can be baled and stored under cover or can also be stored by creating hay stacks. Stacks may be 

covered by plastic sheets to keep out rain and prevent from exposure to excessive sun. 

Problems with Hay Making 
1. If hay is dried in a moist environment, for example during heavy rains season, mould may grow on the 

hay. These moulds can be extremely toxic to animals as well as the people handling it. 

2. In such cases it is advisable to wait till the end of the rainy season before cutting the forage. This may 

lead to lower nutritional content in the hay, but this is better than toxic hay. The resultant may be 

supplemented with other feeds. 

3. On the other hand, drying the hay too fast may lead to shattering of the delicate parts of the plant, 

causing a subsequent loss of nutrients. 

4. To avoid this, drying can be done in barns by passing hot air through the forage. Although artificial 

drying produces hay of good quality, it is expensive, but can be attempted on a community basis in areas 

where there is a need, and the necessary facilities. (NR International, Livestock Production Programme. 

In short for hay “the crop is cut and then repeatedly spread during the day and rowed up at night until the 

moisture content is reduced to under 15%, and preferably near 10%. It is then baled and carted to the stack. 

A thin stemmy crop can be turned into hay in 48 hours under hot conditions, but a thick leafy crop can take 

weeks.” 

Silage-Making 
Silage-making is a fermentation process aimed at preserving forage in its wet state away from air. One is 

seeking to lose minimum dry matter and nutritional value and to avoid creating products toxic to the 

animal. Good silage is light brown in colour, has a sharp taste and little smell as its lactic acid content is 

right. It is very stable and can be kept for years if required. 

To Obtain Good Silage, it is Necessary to 
1. Use airtight silos (total anaerobiosis); several types of silos are used around the world. 

2. Tunnel silo, trench silo, corridor silo, tower silo, etc. 

3. Collect forage which is not earth-soiled, chopped and then piled up. 

4. If necessary, apply additional techniques such as pre-tedding for forage with high water content, or use 

of preservatives (sugar products, formic acid, anti-moulds, etc.) to improve preservation. 

5. It is essential to harvest forage at the best time, from the point of view of nutritional quality, quantity 

available and climatic conditions, and then to store it properly to reduce losses. 
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Additives are Available to Help Maximise the Quality of Silage Produced. There are 

Three Main Types of Additives 
1. Sugars/carbohydrates – by adding extra sugar or molasses the crop is more able to produce lactic acid. 

Some additives contain materials to stimulate the lactobacilli bacteria. 

2. Acids – formic and sulphuric acid are applied at a rate of between 3–5 litres per tonne as the grass is 

picked up in the field. This reduces the quantity of lactic acid needed to reach a stable pH. 

3. Preservatives – these suppress chemical reactions and allow the fermentation process more easily. These 

are usually within acid additives. 

Round-Bale-Silage 
Round bale silage is a relatively new method of preserving forage. It is a very flexible system because of its 

low capital costs. It is a combination of hay and silage making and has certain advantages and 

disadvantages over other forage preservation systems. Round bale silage is simply forage of a relatively 

high moisture content that is baled with a round baler and then stored in a sealed container, usually a 

plastic bag. Both grasses and legumes can be preserved as round bale silage if proper techniques are 

followed. It is much easier to make good hay crop silage in silos than in large round bales. 

Round Bale Silage has Three Distinct Advantages Over Haymaking or Conventional 

Silage Making 
1. Harvesting forage as round bale silage has the potential of minimizing harvest losses. 

2. Round bale silage requires a relatively low initial investment of capital. 

3. Round bale silage also is an extremely flexible system. 
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The impact of pesticide use on the environment is now well documented, and a wider spread adoption of 

integrated weed management strategies and tactics is recommended in sustainable agriculture systems. 

Soil solarization is a novel technique of controlling soil borne pests including weeds. 

This hydrothermal process occurs in moist soil which is covered by a transparent plastic film for 4-6 weeks 

and exposed to sunlight during the warm summer months. The practice was first reported from Germany 

in 1888 and was first used commercially by USA in 1897. 

Soil propagules, as weed seeds, offer a wide range of tolerance to high temperatures, conditioning the long-

term success of weed control by solarization. It seems probably that not only harmful organisms, but also 

beneficial organisms are killed by using soil fumigants for soil disinfestations. 

Principles of Solarization 
Solar heating involves the use of heat as lethal agent for tarps for capturing solar energy by means of 

transparent polythene soil mulches. The thin polythene mulch allows the maximum transmission of solar 

radiation through moist soil and reduces moisture loss from soil through evaporation. Increase in soil 

temperature was achieved through improved heat conduction within the soil owing to its higher moisture 

levels. The principle behind the soil solarization is enhancing the diurnal heating and cooling cycle of the 

soil. 

Solar heating method: The soil solarization method for weed control is similar in principle to that of soil 

steaming. 

Soil preparation: The area to be solarized should be levelled and free from large clods of soil or plant 

debris. 

Soil moisture: Soil moisture constitutes a critical element in the success of soil solarization. Appropriate 

soil moisture (exceeding 60-70 per cent of field capacity) increases sensitivity of target weeds and organisms 

to heat and improves soil heat conductivity. 

The plastic sheet: Efficacy of plastic cover tarping is affected by plastic type, transmittance, width and 

colour. Low density transparent plastic mulch is considered as ideal because it transmits maximum solar 

radiation and reduces the escape of heat from the soil. 

Soil covering: The entire field is covered with plastic film and the edges are buried in the soil to the depth 

of about 20 cm. 

Elements Influencing Effectiveness of Solarization 
Effectiveness of solarization is influenced by certain characteristics of three major elements, namely, the 

solar energy, the plastic cover and soil characteristics. 

Increased Effectiveness of Soil Solarization 
The following steps should be taken to increased effectiveness of soil solarization: 

1. Solarization in closed green houses. 

2. Use of double layer plastic cover- The air layer between the two sheets provides insulation against escape 

of heat, moisture, and volatile gases from the soil. This treatment leads to an increase of 3-100C over the 

single layer cover. 

3. Addition of soil amendment with organic matter prior to plastic tarping. 
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Benefits and Limitations of Soil Solarization 
The primary advantage of this method is non-chemical management of weeds and soil borne pathogens. In 

addition to the lethal effects of radiant heat energy on weed seeds and other pests in the soil, solarization 

may increase crop yields through biochemical and biophysical changes which occur in the rhizospheres, 

especially in relation to nutrient availability. The method is simple, safe, effective, and not too costly, leaves 

no toxic residues, and does not harm the environment. 

Limitations of the methods are: 

1. Certain unfavourable environmental conditions. 

2. Non cropping for a relatively long period, especially in areas of summer cropping.      

3. Shortage of supplementary irrigation water during solarization. 

4. Survival of weed seeds deeper in the soil. 

5. Pollution of plastic residues resulting from the treatment. 

6. Lack of adequate machinery for large scale soil mulching. 
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Silicon (Si) is next to oxygen (O) in quantity on earth’s crust. Silicon in combination with oxygen forms 

silicon dioxide (SiO2) which is also known as silica. About 87% of the earth’s surface is made up of silica. 

There are 200 over types of silicate rocks in nature. These include quartz and mica. 

The white mica is made up of silicon, potassium and aluminum whereas the black mica contains iron and 

magnesium. The original soil minerals are predominantly silicate compounds. The silicon in sand, silt, and 

clay is extremely insoluble and difficult to be absorbed by plant. However, under the reaction of soil 

microorganism and a process called hydration, a small portion of silicon in the form of silicic acids (H4SiO4) 

is weakly soluble and thus become available to plants. 

Differential Absorption of Silicon by Rice Plants 
Plants vary in their ability to absorb silicon. Plants that can absorb and accumulate silicon in their tissues 

are known as silicon accumulators. These plants can accumulate up to 4-7% of silicon in their foliage. In 

contrary, the silicon non-accumulators can only absorb and store 0.5-1.5% of silicon. In general, dicot plants 

contain low quantity of silicon. 

Rice exhibits the greatest uptake of silicic acid in the grass family. With the application of large quantity 

of silicon fertilizers, rice can accumulate silicon in the stem and leaves up to 10- 15% of its dry weight. Rice 

depends mainly on its root system to absorb moisture and most of the minerals. The root system exhibits 

differential absorption of minerals, e.g., rice root can absorb ammonium and silicon more efficiently than 

tomato. The passive absorption of minerals is through diffusion where no biological energy is used by the 

cells. In the process of active absorption, silicate salts can suppress the absorption of sulphate but not 

phosphate and nitrate. This indicates that salts of silicon and sulphur share common ionic carriers. In the 

case of phosphates and nitrates, the carriers are different. This implied that silicon can facilitate the 

absorption of phosphorous. 

Functions of Silicon on Rice Crop 
1. Increasing canopy photosynthetic efficiency by keeping leaves erect and compact: Rice uses 

chlorophyll to fix atmospheric carbon dioxide and water to form carbohydrate. Rice yield is directly 

proportional to the accumulation of photosynthates formed in the process of Photosynthesis. The 

manufacturing of photosynthates is closely related to leaf surface and Leaf’s efficiency in trapping solar 

energy. Appropriate plant density and fertilizer management are essential for achieving optimal leaf area 

index for photosynthesis. Ideal plant type such as semi-dwarf stature, compact tillers, erect leaves, thick 

and narrow leaf surface would ensure better penetration of light through the plant canopy. The application 

of silica fertilizer enhances the mechanical strength of epidermal cells on rice leaf surface, keeping the rice 

leaves erect and avoiding mutual shading. 

2. Increasing resistance to Insect Pests and diseases: Silicon helps to strengthen cells of rice leaf, 

stem, and roots. Epidermal cells accumulate the most amount of silicon absorbed from the soil. In the 

intercellular spaces, silicon is oxidized to form silicon dioxide (silica gel). Silicon can also exist as amorphous 

silicon dioxide in the plant tissues. Their presence enhances the plant’s resistance towards insect pests and 

disease pathogens. The reduction in disease infection and pest’s infestation is principally due to the fact 

that silicon promotes ammonium assimilation. This chemical process inhibits the accumulation of unstable 

amino acids and amides in cells which provide nutrients to pests and pathogens. 

3. Reducing the Toxicity of Heavy metals: The application of silicon fertilizer can enhance the 

transportation of oxygen to rice roots which increases root oxidative capacity so that the toxic manganese 

and ferrous ions will be oxidized and precipitated on root surface. This chemical reaction reduced the 

absorption of toxic metals by rice roots. Silicon can also regulate soil acidity and reduce the availability of 



 

 
Volume 3 - Issue 6 - June 2021       549 | P a g e  
 

heavy metals. The application of silicon will precipitate the soluble toxic aluminum, cadmium, and mercury 

forming insoluble aluminum silicate, cadmium silicate, and mercuric silicate. The precipitation of these 

harmful heavy metals can prevent their entry into the food chain and make our food safer. 

4. Improving the Water Use efficiency: Rice leaf surface is covered by epidermal cells which have a 

cuticle layer. Gaseous exchange between the atmosphere and the leaf is through stomata. On both sides of 

the leaf veins, there are bulliform cells which are arranged in a fan form. Under dry weather conditions, 

excessive water loss through transpiration will cause the bulliform cells to shrink and the leaf will roll up 

in order to reduce transpiration loss. When the atmosphere is well laden with moisture, the bulliform cells 

will absorb moisture and expand. The leaf will re-open. The cuticle on the leaf surface plays an important 

role in reducing transpiration loss and also prevents pests and diseases attack. Accumulation of silicon will 

form a thick silicated layer on the leaf surface and this will effectively reduce cuticular transpiration. The 

findings from Japanese researchers revealed that the application of silica will reduce transpiration loss by 

as much as 30%. 

5. Silicon Enhances Rice Plant’s Resistance to Lodging: Excessive Nitrogen in plant tissues reduces 

the accumulation of starch, and affects adversely cellulose formation. As cellulose is important for culm 

strengthening, decrease in cellulose content lowers the resistance of rice plant towards lodging. Under 

normal condition, Phosphorous is usually adsorbed by clay particles and not readily available to the plant. 

With the help of silicon, more phosphorous become available to be absorbed by the plants. Phosphorous is 

essential for root formation, thereby strengthening the root system. A stronger and more extensive root 

system will lead to better anchorage and reduce lodging. These elements help to strengthen the rice plant 

against lodging and reduce pest and disease attacks. 

Silicon Deficiency Symptoms 
Rice leaves become soft and droopy. Droopy leaves will cause mutual shading and reduce photosynthetic 

efficiency. This will lead to reduced starch formation and affect grain filling. Lowering of starch formation 

and accumulation will lead to yield reduction. In addition, occurrences of diseases such as blast and brown 

spots become more widespread in silicon deficient soils. As excessive Nitrogen fertilizer always tends to 

produce flaccid leaves, the application of silica will help to rectify this problem by making the leaves erect. 

Studies by IRRI indicate that silicon deficiency always reduces the number of panicles per square meter 

and percentage of filled grains. Silicon deficient plants are particularly susceptible to lodging. 

Causes of Silicon Deficiency 
Silicon deficiency can be due one of the following factors: 

1. Soil parent materials contain inadequate quantity of available silicon. 

2. Soluble Silicon is continuously leached out in strongly weathered soils. 

3. Long period of intensive crop cultivation (double or triple cropping) depletes the available soil Silicon. 

This problem is further aggravated by the removal of rice straw from the field. 

Common sources of Silicon Fertilizer include blast furnace slag (Calcium Silicate, Magnesium Silicate), 

Silico-Manganese Slag (Calcium Silicate and Manganese Silicate), Fused Magnesium phosphate, Calcium 

silicate, and Potassium silicate. In recent years, the application of nano-technology has led to the production 

of granulated and liquid silicon fertilizer with high bio-availability. This new silicon fertilizer can easily 

penetrate the leaf and form a thick silicated layer on leaf surface. IRRI research indicates that Silicon 

deficiency can be rectified by the application of Calcium silicate slag at the rate of 120-200 kg per hectare 

or Potassium silicate at 40-60 kg per hectare. As rice leaf and stem generally contain 5-6% (ranges from 2-

10%) Silicon, and rice husk contains 10%, thus returning the crop residues back to the soil will help to 

replenish Silicon in the soil. The most suitable time of silicon application in rice is about 60 days before 

harvesting. 
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Arbuscular mycorrhizal fungi (AMF) are obligate symbionts with higher plants. Mycorrhiza is the 

association between fungi and the roots of higher plants and microorganisms and higher plants. On a global 

scale, between 86% and 94% of plants are mycorrhizal. Mycorrhizal associations are mutualistic, neutral, 

or parasitic depending on the circumstances although mutualism is the dominant type. Associations 

between arbuscular mycorrhizal fungi (AMF) and plant roots are usually non-specific in terms of the 

fungus-plant pairings that are compatible. 

A positive effect of mycorrhizal inoculation on growth of plants in metal contaminated soils. Arbuscular 

mycorrhizas have the ability to alleviate many anthropogenic stresses, including effects of metals and 

polychlorinated aliphatic and phenolic pollutants. Remediation of soils contaminated with toxic pollutants 

using specific combinations of plants with mycorrhizal fungi deserves increased emphasis. 

Groups of Mycorrhizas 
The two main types of mycorrhizas are ecto and endomycorrhizas, differ in their structure and physiological 

relationships with host plant. Mycorrhizal fungi frequently stimulate plants to reduce root biomass and 

simultaneously expanding nutrient uptake capacity by extending far beyond root surfaces and proliferating 

in soil pores that are too small for root hairs to enter. Two mycorrhizal groups of fungal mycelia are: 

1. Endomycorrhizas: The fungi live inside the cortical cells of the roots and also grow intercellularly 

known to occur in wide spread cultivated soil. 

2. Ectomycorrhizas: This group of mycorrhiza occurs mainly on roots of woody plants and only 

occasionally on herbaceous and graminaceous perennial plants. Temperate tree species like beech, oak, 

spruce and pine cannot survive without ectomycorrhiza. They form a sheath or mantle of fungal mycelium 

over the surface of fine roots. The hyphae penetrate into the intercellular spaces of the root cortex and it 

extends outward into the soil. 

Role of AM Fungi in the C, N and P Cycle 
The biotrophic nature of AM fungi, acceleration of organic matter decomposition has been linked to 

microorganisms lead to an increased release of CO2 from the soil through microbial respiration, but this 

may be counteracted by the increased photosynthetic activity and therefore CO2 uptake by plants. 

Substantial part of the photosynthates from the host plant are invested in the formation of AM fungal 

biomass, both in terms of root colonization and mycelial network in the soil, AM fungi have been suggested 

to be important in carbon sequestration in the soil. The importance of AM fungi on the N cycle in 

agroecosystems, transporting N as NH4
+ to the host plant. The importance of AM fungi in N biogeochemical 

processes reduces N loss from the soil in terms of leaching and denitrification. 

AM fungi transports immobile P from the soil to the host plant. Low soil P conditions often limit plant 

growth and reproduction, impacting agricultural and natural plant communities worldwide, under these 

conditions, infection of plant roots by vesicular-arbuscular mycorrhizal (VAM) fungi is especially beneficial. 

Mycorrhizal plants generally have a higher P status than non-mycorrhizal plants. Decrease in soil P, 

mycorrhizal infection often increases vegetative growth in the host plant. Mycorrhizal infection will 

improve other factors (e.g., flower production, pollen production, and pollinator visitation) that influence 

fitness through the male function under natural field conditions. 

Functions of Mycorrhizae 
The relationship between the fungus and a plant can obviously have a great impact on the environment. 

Plants having this association with mycorrhizal fungi will have a greater chance in inhabiting 

environmental stress. 
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Nutrient Acquisition 
The function of mycorrhizae is to exchange nutrients between their surroundings and their host plant. The 

increase in root surface area and the protection they offer to the plant's roots, the fungus is able to acquire 

a lot of nutrients for its host. Mycorrhizae are able to uptake water, inorganic phosphorus, mineral or 

organic nitrogen, and amino acids through specialized transporters located on their membrane. The water 

and nutrients are acquired; they can then be transferred to the host, who in return supplies carbon. 

Aiding in Agriculture 
Mycorrhizal relationships help to increase plant growth beneficial in agricultural fields. This symbiotic 

relationship in agricultural fields increases crop production and therefore increase in food output. The 

mycorrhizal fungi aids in soil aggregation, which can increase water filtration and gas exchange within the 

soil. With an increase in gas exchange, the mycorrhizal fungi can aid in the aeration of agricultural fields. 

Aiding in Restoration 
Symbiotic relationship of fungus allows plants to be greater competitors and allow them to prosper in areas 

low in nutrients and water; they are very useful in restoration efforts. The partnership of mycorrhizae 

increases plant's ability to colonize an area, they would also have a greater capacity to out compete. 

Beneficial Effects of Mycorrizhae 
1. Increased overall absorption capacity of roots due to morphological and physiological changes in the 

plant. The increased absorption surface area, greater soil area explored, greater longevity of absorbing 

roots, better utilization of low-availability nutrients reducing reaction with soil colloids or leaching losses. 

2. Increased mobilization and transfer of nutrients from the soil to the plant. 

3. Increased establishment, nodulation and atmospheric nitrogen fixed capacity. 

4. Modification of plant pathogen relation mycorrhizae influence the colonization of roots by other 

microorganisms, reduce the susceptibility of roots to soil borne pathogens. 

5. Secretions of antibiotics and support of a community that competes or antagonizes pathogenic 

microorganisms, thus aiding in disease suppression. 

6. Increased production of plant growth hormones such as cytokines and gibberellins. 

7. Modification of soil plant water relations, promoting better adaptation of plant to adverse environment 

conditions (drought, metals). 

Conclusion 
AM-fungi are effective in increasing nutrient uptake, particularly phosphorus and biomass accumulation 

of many crops in low phosphorus soil. AM-fungi have an important role in promotion of biological and 

chemical properties of plants under stressed environment. 
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Seed fortification is a physiological method of seed invigouration that aids in improving the initial stamina 

of the seed that helps in improving the initial field stand and that of the final yield. It is an impregnation 

of the needy substance into the seed through the imbibition phase and enriches the endogenous level of the 

needy bioactive substances. 

Or it is defined as, A pre hydration technique where seeds are soaked either in water or dilute solution of 

bioactive chemicals such as micro nutrients, growth regulators, vitamins and seed protectants 

Principle Involved 
1. During fortification, the first phase of germination ends with completion of imbibition process and hence 

the time taken from sowing to emergence is much reduced. 

2. Fortification of seed increased the field emergence by promoting the embryo growth. Improvement in 

field emergence due to seed fortification could also be ascribed to activation of cells. 

3. Which results in the enhancement of mitochondrial activity leading to the formation of high energy 

compounds and vital biomolecules, which will be utilised during the early phase of germination. 

Methodology 
Dry Seed 

 
Imbibition (with bioactive substances, growth hoemones etc.,) 

 
Dehydration 

 
Prevent cell and radicle emergence 

 
Shade dried to bring back its original water content 

 
Stops the germination process 

 
Fortified seed 

Chemicals Used for Fortification 
1. Nitrogen: constituents of amino acids, nucleotides  and also acts as coenzyme. 

2. Phosphorus: constituents of phospholipids, nucleotides & also sugar phosphate.  

3. Potassium: required by all higher plants for activation of enzymatic process. 

4. Sulphur: constituents of amino acids like cystine, methionine and cystenine.  

5. Magnesium: constituents  of chlorophyll and activators of enzymes and their metabolism.  

6. Iron: integral part of protein and constituent of phytochromes and it involves in photosynthesis. 

7. Zinc: constituent of dehydrogenase &  required for pollen production. 

8. Others: Growth regulators, botanicals and fungicides. 
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Ponnuswamy and Vijayalakshmi (2011) reported that seeds fortified with 2 % KNO3 resulted in high seed 

Germination %. This might be due to fortified seeds increases hydration of colloids, higher viscosity and 

elasticity of protoplasm and increase in bound water content, lower water deficit, more efficient root system 

and increased metabolic activities. 

Sujatha et al. 2013 reported that seeds fortified with 100 ppm IAA followed by 1% KH2PO4 and 0.2 % FeSO4, 

which attributes to micronutrients and growth regulators that often act as co-factors in enzyme systems 

and participate in redox reactions and results in Higher germination and seedling vigour. 

Factors Influencing Seed Fortification 
1. The choice of chemicals (growth regulators, macro and micronutrients). 

2. The concentration  of chemicals (molar to percentage solution). 

3. Duration of soaking. 

4. Method of treatment(equal volume/ lesser volume in between moist medium). 

Advantages of Seed Fortification 
1. The low and medium quality seeds can be upgraded. 

2. The method promises not only accelerated germination and vigorous seedling growth, but also early 

flowering and higher yield.   

3. It can serve as low-cost technology to soil and foliar application which involves. 

a. More chemical. 

b. More labor. 

c. More wastage as well as cost. 

Disadvantages 
1. Toxicity of chemicals.  

2. Limited O2 supply to seed. 

3. Disadvantage in handling large quantity of seed. 

Conclusion 
1. There is considerable evidence to show that seed quality and productivity of the crop can be increased by 

subjecting the seeds to fortification treatment.  

2. Seed fortification treatment improve early emergence. 

3. The advantage of early stand establishment from the fortified seeds also resulted in more uniform 

emergence. 
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Introduction 
Photoperiod, or the duration of light in a given day, is a critical factor that flowering plants utilize to 

effectively assess the weather information and coordinate their reproductive development in synchrony 

with the external environment. Flowering is an irreversible change in which apical bud changes from its 

vegetative phase to reproductive phase. The number of genes, cell and tissue types viz., connective tissue, 

endothecium, epidermis, micropore, stromium, tapetum, vascular bundle and a flowering hormone ‘florigen’ 

are involved in the flowering process. 

Flower production depends on four genetically regulated pathways: 

1. Photoperiodic or light dependent pathway: This pathway is sensitive to the amount of darkness a 

plant receives in each 24 hours. 

2. Temperature dependent pathway: This pathway requires vernalisation, a period of cold before 

flowering. 

3. Gibberellin dependent pathway: This pathway requires an increase in this hormone for flowering to 

occur. 

4. Autonomous pathway: This pathway is typical in case of day neutral plants depends on nutrition and 

is independent of environmental cues. 

The four flowering pathways lead an adult meristem to become a floral meristem by activating floral 

meristem identity genes. The floral meristem identity genes activate floral organ identity genes that in 

turn produce the floral organs. 

Florigen (or flowering hormone) is the hypothesized hormone-like molecule responsible for controlling 

and/or triggering flowering in plants. Florigen is produced in the leaves, and expressed in the shoot apical 

meristem of buds and growing tips. 

FLOWERING LOCUS T (FT) is produced from the companion cells of the leaves and is transported from 

the leaves to the meristem through the phloem sieve elements. SUPPRESSOR OF OVEREXPRESSION 

OF CONSTANS 1 (SOC1) which encodes a MADS box transcription factor, is the earliest gene shown to be 

upregulated in response to long days at the meristem, and mutations in the gene cause late flowering. 

When SOC1 is expressed in the meristem, it interacts with AGL24, another MADS box transcription factor, 

and promotes the activation of transcription of LEAFY (LFY), which is a meristem identity gene that is 

involved in the initiation of flower development. Similarly, the FT–FD complex has been involved directly 

to activate AP1, which is expressed in the cells that will give rise to the flower and confer floral identity on 

this primordium. Then AP1-LFY triggers the expression of floral homeotic genes.  This just explains light 

induced components, but the flower initiation is also due to GA, sucrose, vernalization and in a large 

number of plants it is autonomous. There is a kind of fusion of the products of these effects ultimately 

responsible for triggering the floral homeotic genes. 

Stamen Initiation and Anther Development 
The stamen structure includes two morphologically distinct parts, a stalk or ‘filament’, which serves to 

provide vascular links and facilitates extension of the stamen, anchors the stamen to the flower and serves 

as a conduit for water and nutrients. The anther contains reproductive and non-reproductive tissues that 

are responsible for producing and releasing pollen grains so that pollination and fertilization processes can 

occur within the flower.  
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Stamen primordia are initiated as a whorl of small bumps at specific locations on the floral meristem 

surface. A short time after stamen primordia initiation occurs, the anther and filament compartments 

differentiate, two bilaterally symmetrical theca are established within the anther, major anther cell types 

and tissues form, and the anther takes on its characteristic paddle like shape. 

Anther Cell Layers 
Another is composed of a number of different cell layers, which initiate by periclinal divisions in 

hypodermal cells in the anther primordium, to form archesporial cells in the corners of each anther 

primordium. Mitotic divisions of the archesporial cells then occur to form the different cell layers in the 

anther.  

Initially two cell layers are formed, the inner primary sporogenous cells (PS) and the outer primary parietal 

cells (PP). These two cell types have different fates; the primary sporogenous cells undergo a small number 

of divisions to form pollen mother cells (PMCs), which go through meiotic divisions to form the meiocytes, 

whereas the primary parietal cells (PP) go through a series of further divisions to form the ‘sterile’ 

sporophytic cell layers of the anther wall. The PPs firstly divide to form endothecial cells and secondary 

parietal cells (SPC), the SPCs then divide to form the middle cell layer and the tapetum. 

Functions of Anther Cell and Tissue Types 
Cell or tissue type Major function 

Connective tissue Keep the anther and pollen sacs together 

Endothecium Structure, support and dehiscence 

Epidermis Structure, support, prevent water loss, gas exchange and dehiscence 

Microspore Pollen grain and sperm cell development 

Middle layer Structure, support and dehiscence 

Stromium Dehiscence 

Tapetum Pollen wall components, nutrients for pollen development, enzymes for 

microspore release from tetrads 

Vascular bundle Connection between anther, filament and flower, nutrient and water supply 

Conclusion 
The knowledge about genetics and physiology of anthesis in plants helps in manipulating the anthesis time 

that is very much essential in converting a long day plant to a short-day plant. Furthermore, it helps in the 

development of photo insensitive plants that gives the economic product throughout the year irrespective 

of season. 
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Introduction 
Rice is an important cereal crop and a staple food of majority of the human population. It plays a major 

role in diet, economy, employment, culture and history. 

Rice is grown under irrigated and rainfed lowland areas. Presently in world, rice is grown over an area of 

162.06 m ha with a production of 503.17MT. India grows rice in 43m ha with production of 112MTof milled 

rice and average productivity of 2.6t hā¹. 

Rice plays an important role in the cropping pattern in Andhra Pradesh and it is second highest produced 

grain the world. Andhra Pradesh is unique in rice cultivation with different species such as, Sona masoori, 

Vijaya masoori, Sow Bhagya etc., are grown in tropical climatic conditions. In Andhra Pradesh, the rice 

grown area with a production of 183.63 lakh tonnes. 

Rice crop suffers from a number of fungal, bacterial and viral diseases. Among the fungal diseases, sheath 

rot caused by Sarocladium oryzae (sawada) gams and Hawksworth is becoming increasingly destructive in 

India and other south eastern countries of Asia. The disease is reported from almost all the rice growing 

areas of the world including Bangladesh, India, Korea etc. 

Scenario of Sheath Rot of Rice 
Year  Region                      Remarks     References 

1957 Taiwan, 

Philippines 

Due to temperature of kharif season with 

heavy yield loss 

Chen 1957 

1974 Andhra Pradesh Sheath rot incidence occurred due to climatic 

conditions 

Amin 1974 and Reddy 

1974 

1977 India  100% seed sterility and no panicle emergence 

were observed 

Raina and Singh 1980 

1980 India(Punjab) 15-35% grain chaffiness and disease incidence Rattan 1983 

2002 Indian 

Subcontinent 

Causes serious problem of rice cultivation Singh 2002 

2012-

2013 

Karnataka Yield loss up to 30% in North eastern part of 

Karnataka 

Pramesh 2014 

Symptoms 
1. Discoloration in the flag leaf sheath. 

2. Rotting occurs on the leaf sheath that encloses the young panicles. 

3. Irregular spots or lesions, with dark reddish-brown margins and gray centre. 

4. Discoloration in the sheath. 

5. lesions enlarge and often coalesce and may cover the entire leaf sheath. 

6. Severe infection causes entire or parts of young panicles to remain within the sheath 

7. Un-emerged panicles rot and florets turn red-brown to dark brown 

8. Whitish powdery growth inside the affected sheaths and young panicles 

9. The disease is important during the heading towards the maturity stages of the rice crop. 
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Irregular Spots on Sheaths Discolouration of leaf sheath and panicles 

  
Panicles remain within the Sheath Rottening of Flag Leaf Sheath 

Epidemiology 
1. Closer planting. 

2. High doses of nitrogen. 

3. Temperature of 20-30℃ and relative humidity in the range of 65-85% favour sheath rot development. 

4. Injuries made by leaf folder, brown plant hopper and mites increase infection. 

Disease Cycle 
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1. The disease spreads mainly through air-borne conidia and also seed-borne 

2. Primary source of inoculum is by means of infected plant debris. 

3. Secondary spread is by means of  air-borne conidia produced on the leaf sheath. 

Management Strategies 
1. Preventive method/ Biological method: 

a. Bacterization with Pseudomonas fluorescens reduced sheath rot severity by 20-42%, enhanced 

crop growth, and increased grain yield. 

b. Seed treatment with Pseudomonas fluorescens @ of 10g/kg of seed followed by seedling dip @ of 

2.5 kg or products/ha dissolved in 100 litres and dipping for 30 minutes. 

c. Soil application of P. fluorescens @ of 2.5 kg/ha after 30 days of transplanting (This product should 

be mixed with 50 kg of FYM/Sand and then applied. 

d. Foliar spray at 0.2% concentration Pseudomonas fluorescens commencing from 45 days after 

transplanting at 10 days interval for 3 times depending upon the intensity of disease. 

e. Application of Neem Seed Kernal Extract (NSKE) 5% or neem oil 3 % or Ipomoea or Prosopis leaf 

powder extract 25 Kg/ha. First spray at boot leaf stage and second 15 days later. 

2. Cultural methods: 

a. Removal of infected stubbles after harvest 

b. optimum plant spacing can reduce the disease. 

c. Application of potash at tillering stage is also recommended. 

d. Control weeds and keep field sanitation. 

3. Chemical methods: 

a. For control of sheath rot, spray the fungicides at the time of panicle emergence. 

b. Seed treatment with fungicides such as Mancozeb and Benomyl effectively eliminate seedborne 

inoculum. 

c. At booting stage, Spray Carbendazim 250 g or Chlorothalonil 1 kg or Edifenphos 1 lit/ha. 

d. Foliar spraying with Benomyl and copper oxychloride were also found to be effective. 
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Introduction 
We all know that cauliflower is belongs to family Brassicaceae and it is very important veggie, this veggie 

is originated from the wild type variety of cabbage and predominately it is using extensively now a days in 

the all over the world. Cauliflower is a rich source of vitamins and minerals which boost our body, brain 

and maintain digestive system. The edible part of the cauliflower is (Head). 

Benefits of Cauliflower 
1. Boost and control brain function: cauliflower is rich source of vitamin – b (choline) that play an 

Important role in brain development. During pregnancy it helps to improve baby brain activity, it also helps 

in controlling of nervous disorders. 

2. Enhancing Heart beat: Cauliflower is rich in dietary fiber which helps in health management and it 

has a chemical called sulforaphane which regulates the blood pressure level, it has omega-3 fatty acids 

which regulate and controls cholesterol level. 

3. Control and kills cancer agents: Cauliflower is rich in carotenoids and vitamins like C,E and k which 

kills cancer causing agents. It also controls breast , lung , liver cancers. 

4. Improves digestive system: It has a good rich source of fiber which improves and regulates the dietary 

problems and reduces digestive issues like constipation. It controls the bacterial growth in stomach wall. 

5. Improves kidney system: Cauliflower had phytochemicals which breakdown the toxic chemicals and 

substances which can treat the kidney disease. 

6. Hormones balancing: It has rich in antioxidants which reduces and controlling the esterozen and other 

hormones. 

7. Improves bone strength: Cauliflower has rich source of vitamin – k which helps in improving the bone 

matrix. 

8. Improves skin, texture and hair growth: In cauliflower vitamin c is rich it improves collagen which 

delay ageing and improves the hair growth. 

Nutritional Values in Cauliflower 
Principle Nutritional profile RDA value 

Energy  25 kcal 1% 

Protein  1.92g 4% 

carbohydrates 49.7g 4% 

Total fat  0.28g 1% 

Cholesterol 0 0 

Dietary fiber 20g 5% 

Vitamins 

Vitamin A 0 IU 0 

Vitamin K 15.5mg 13% 

Vitamin C 48.2mg 80% 

Vitamin E 0.08mg 0.5% 

Thiamine  0.050mg 4% 

Electrolytes 

Sodium 30mg 2% 

Potassium 299mg 6% 



 

 
Volume 3 - Issue 6 - June 2021       560 | P a g e  
 

 

Conclusion 
Adequate amount of nutrients, minerals, vitamins are rich in this food by intake of this veggies food we 

can reduce the health problems and maintain the body healthy. 
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Introduction 
Entomopathogenic nematodes are tender bodied, non-segmented roundworms that are obligate or on 

occasion facultative parasites of insects. Entomopathogenic nematodes arise evidently in soil environments 

and discover their host in response to carbon dioxide, vibration and other chemical cues. Mainly two 

families Steinernematidae and Heterorhabditidae have been intensively applied as bio-insecticides in 

insect pest management. Entomopathogenic nematodes adjust superbly into integrated pest management 

or IPM practices because they are generally non-toxic to humans, very much target specific and can be used 

with the normal pesticide application equipment. Entomopathogenic nematodes have been freed from the 

Environmental Protection Agency (EPA) of U.S pesticide registration. Personal protective equipment is not 

required for them also no problem for re-entry restrictions. Resistance problems in insects are also very 

much rare. 

Biology of Entomopathogenic Nematode 
In entomopathogenic nematodes the infective juvenile stage is J1st and it is the only free-living stage. The 

juvenile stage penetrates the host insect through the spiracles, mouth, anus, or in some species via 

intersegmental membranes of the cuticle, after which enters into their haemocoel. 

Both Heterorhabditis and Steinernema are mutualistically related with bacterial genera 

Photorhabdus and Xenorhabdus respectively. The juvenile stage launch cells in their symbiotic bacteria 

from their intestines into the haemocoel. The microorganism multiply in the insect haemolymph and the 

inflamed host typically dies within 24 to 48 hours. After the death of the host, nematodes maintain to feed 

on the host tissue gets matured and reproduce. The progeny nematodes develop via fourth juvenile stages 

to the grownup. Depending upon the available resources one or greater generations can also occur in the 

host cadaver and a massive number of infective juveniles are finally launched into environment to 

contaminate different hosts and continue their existence life cycle. 

Reproduction process is different in heterorhabditid and steinernematid. Infective juvenile stages of 

heterorhabditid grown in to hermaphroditic adults but in the next generation each individual able to prduce 

both male and females whereas on the other hand in steinernematid all generations are capable of 

producing both males and females. The insect cadaver shows red colorations if the insects are killed by 

heterorhabditids and brown or tan colour is observed if killed by steinernematids. The coloration in the 

host body is indicative of the pigments produced by the monoculture of mutualistic bacteria growing in the 

hosts. 

Mass Production Technique of EPN 
Entomopathogenic nematodes (genera Steinernema and Heterorhabditis) kill insects with the useful 

resource of mutualistic bacteria. The nematode–bacteria complicated are mass produced for use as bio 

insecticides using in vivo or in vitro techniques, i.e., solid or liquid fermentation. In vivo production (culture 

in live insect hosts) is low era, has low start-up fees, and resulting nematode quality is excessive, yet cost 

efficiency is low. In vitro solid tradition, i.e., developing the nematodes and bacteria on crumbled 

polyurethane foam, gives an intermediate degree of era and expenses. In vivo production and solid culture 

can be stepped forward via innovations in mechanization and streamlining. In vitro liquid way of life is the 

maximum fee-efficient production method however requires the most important start-up capital and 
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nematode exceptional can be reduced. Liquid culture may be stepped forward through development in 

media improvement, nematode restoration, and bioreactor layout. A variety of formulations is to be had to 

facilitate nematode storage and application. 

Role of EPN in Pest Management 
Ability of EPNs as insecticidal retailers has been examined in opposition to a huge range insect species via 

many researchers all over the world. They have been used with different achievement in opposition to 

insect pests took place in specific habitats. Use of entomopathogenic nematodes as biocontrol agents. a 

great deal achievement has been acquired against soil-living pests or pests in cryptic habitats together with 

inner galleries in flowers wherein J1st find remarkable surroundings to survive and protect themselves 

from environmental factors. 

Commercial Use of EPNs Against Some Pest Insects is Given in the Below Table 
Crops (targeted) Pest common name Pest scientific name Effective nematodes 

Artichokes Artichoke plume 

moth  

Platyptilia 

carduidactyla 

Sc 

Vegetables Armyworm Lep: Noctuidae Sc, Sf, Sr 

Ornamentals Banana moth Opogona sacchari Hb, Sc 

Bananas Banana root borer Cosmopolites sordidus Sc, Sf, Sg 

Turf Billbug Sphenophorus spp.  

(Col: Curculionidae)  

Hb, Sc 

Turf, vegetables Black cutworm Agrotis ipsilon Sc 

Berries, ornamentals Black vine weevil Otiorhynchus sulcatus Hb, Hd, Hm, Hmeg, Sc, Sg 

Fruit trees, 

ornamentals 

Borer Synanthedon spp. and 

other sesiids 

Hb, Sc, Sf 

Home yard, turf Cat flea Ctenocephalides felis Sc 

Citrus, ornamentals Citrus root weevil Pachnaeus spp.  

(Col: Curculionidae) 

Sr, Hb 

Pome fruit Codling moth Cydia pomonella Sc, Sf 

Vegetables Corn earworm Helicoverpa zea Sc, Sf, Sr 

Vegetables Corn rootworm Diabrotica spp. Hb, Sc 

Cranberries Cranberry girdler Chrysoteuchia topiaria Sc 

Turf Crane fly Dip: Tipulidae Sc 

Citrus, ornamentals Diaprepes root weevil Diaprepes abbreviates Hb, Sr 

Mushrooms Fungus gnat Dip: Sciaridae Sf, Hb 

Grapes Grape root borer Vitacea polistiformis Hz, Hb 

Iris Iris borer Macronoctua onusta Hb, Sc 

Forest plantings Large pine weevil Hylobius abietis Hd, Sc 

Vegetables, 

ornamentals  

Leafminer Liriomyza spp.  

(Dip: Agromyzidae) 

Sc, Sf 

Turf Mole cricket Scapteriscus spp. Sc, Sr, Sscap 

Nut and fruit trees Navel orangeworm Amyelois transitella Sc 

Fruit trees Plum curculio Conotrachelus nenuphar Sr 

Turf, ornamentals Scarab grub Col: Scarabaeidae Hb, Sc, Sg, Ss, Hz 

Ornamentals Shore fly Scatella spp. Sc, Sf 

Berries strawberry Root weevil Otiorhynchus ovatus Hm 

Bee hives Small hive beetle Aethina tumida Hi, Sr 

Sweet potato Sweetpotato weevil Cylas formicarius Hb, Sc, Sf 

Abbreviations of Nematode Species 
Hb: Heterorhabditis bacteriophora, Hd: H. downesi, Hi: H. indica, Hm: H. marelata, Hm: H. megidis, Hz: 

H. zealandica, Sc: Steinernema carpocapsae, Sf: S. feltiae, Sg: S. glaseri, Sk: S. kushidai, Sr: S. riobrave, 

Sscap: S. scapterisci, Ss: S. scarabaei. 
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Nematodes listed provided at least 75% suppression of these pests in field or greenhouse experiments. 

Conclusion 
EPNs may be high-quality biocontrol agents for insect pests and for this reason a possible commercial 

industry has evolved. Nevertheless, a number of factors have averted EPNs from being hired on a much 

broader scale. It is vital to suit the right nematode species to the goal pest. Furthermore, biotic factors, 

such as pathogens and predators of EPN, other soil organisms, as well as abiotic factors which include 

ultraviolet radiation, soil moisture and relative humidity, and temperature can have an effect on the 

efficacy of implemented EPNs. Recent, enhancements in EPN formulation, application equipment or 

approaches, and strain development had been made to beautify utility efficacy. Extra research toward 

reducing product prices, growing product availability, and improving efficacy and carryover impact will 

stimulate wider use of EPNs in biocontrol. Major areas of research which might be probable to yield sizable 

outcomes encompass genetic development and stabilization of EPN lines, growth of method technology 

mainly centered on aboveground applications, and conservation biocontrol. Also, discovery of latest EPN 

species and strains in addition to development of new goal pests will cause expanded use. New EPN species 

are being described at a high charge although the biocontrol potential of most of these nematodes has yet 

to be determined. Every other street to wider usage is to rent the symbiotic bacteria of EPN or their 

metabolites or by products as manage substances for arthropod pests or plant pathogens. With advances 

along with those, EPNs will hold to help reduce reliance on chemical inputs in agriculture and decorate 

sustainability. 
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Introduction 
Pollination is the technique of moving pollen from male anther to the female stigma of the plant and the 

organism liable for this transferring is referred to as pollinators. Pollinators are crucial for orchard 

(horticultural) and forage production, as well as the manufacturing of seed for lots of root and fibre crops. 

They are important because 87% of the world’s food crops depend upon animal pollination, representing 35 

% of global food production. Between US $235 billion to US $577 billion worth of annual global food 

production depends on direct contributions by pollinators (FAO, 2016). Pollinators such as bees, birds and 

bats contribute 35% of the world’s crop production. More than 90% of angiosperms are generally pollinated 

by way of different insect pollinators like bees, beetles, moths, butterflies and so on. However, because of 

gradual alteration in weather leads to their drastic decline. The two major emerging threats for climate 

change are increasing level of CO2 and temperature. According to the data given by Inter-Governmental 

Panel for Climate Change (IPCC, 2007) the atmospheric concentration of CO2 in 2005 was 379 ppm and it 

is estimated that by the end of this century it will reach up to 560 ppm. From temperature point of view, it 

increased by 0.74° C in 20th century. Estimated temperature is going to increase by 1.4 – 5.8°C by the end 

of this century (IPCC, 2007). 

Factors Affecting Climate Change 
There are several elements affecting climate change like temperature, rainfall, level of CO2, relative 

humidity, latitude, distance from the sea, snow cover, glaciers etc. Mainly temperature, relative humidity 

plays the crucial role and also level of CO2 in to the atmosphere, rainfall affects mainly in the daily activities 

of insect pollinators. 

Effect of Climate Change on Insect Pollinators 
There are two types of effects of climate change prevail over the pollinators first one is the indirect effect 

and second one is direct effect.  

Indirect effects occur due to change in: 

a. Plant phenology (Due to alteration in the biological processes of plant like germination, anthesis, 

flowering etc. in relation to environment there will be temporal mismatch between plant and its 

associated insect pollinators). 

b. Type of vegetation (This principle works when there is a chance of extinction of one or many plant 

species due to change in climate and thereby insect pollinators associated with that plant sp. also 

faces the danger of extinction) 

c. Activities of man (change in varieties, cropping systems, inter-cropping etc.). 

While direct effects occur when: 

a. All the effects that are direct results of increased temperature, relative humidity carbon dioxide 

and precipitation. 

b. Change in insect pollinator’s survival, growth, physiology, reproduction, behavior is only a result 

of all the factors of climate change acting together rather than the result of any individual factor. 

Impact of Temperature and Relative Humidity on Insect Pollinators 
Insect pollinators are cold-blooded organisms. Consequently, temperature together with humidity is 

probably the single most vital environmental aspect influencing insect survival, behavior, distribution, 
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development, and reproduction. Every species has a particular threshold temperature above which 

development can occur and below of which development ceases and also preferred zone of relative humidity 

for better performance, so any alteration in those preferred range of temperature and relative humidity 

there will be significantly effects on pollinators morphology as well as in their physiological process. Global 

climate change could significantly alter plant phenology and thus causes temporal mismatches. 

Temperature influences the timing of development, both alone and through interactions with photoperiod. 

So thereby ultimately Plant – pollinator interactions will be affected. 

Dispersal and Migration Due to Change in Temperature 
1. Temperature directly influences the insect dispersal and migration. 

2. Increase in temperature would most likely increase the diversity of insects at higher latitudes. 

Temperate species are likely to encounter nonnative insect that previously were restricted to sub-tropical 

forests. 

3. According to Thomas et al. (2001) changes in distribution and abundance of 46 species of butterflies that 

approach their northern climatic range in Britain and found that three-quarters of them declined. They 

concluded that the dual factors of habitat modification and climate change are likely to cause specialists to 

decline. Leaving biological communities with reduced numbers of species and dominated by mobile and 

widespread habitat generalists. 

Impact of Precipitation on Insect Pollinators 
Changes in rainfall patterns could alter the timings of phenological phases while also increasing the 

likelihood of pollen degradation and nectar dilution each having detrimental effects to the fitness of the 

plant, the pollinator or both parties. 

Yield reduction under drought may also result from a decrease in pollen viability along with an increase in 

seed abortion rate. Some areas likely experience decreased rainfall, leading to water stress that may 

decrease flower numbers and nectar production. Plants having much less numbers of blossoms with poor 

nectar and pollen content are much less visited via the insect pollinators as compared to flowers having 

greater numbers of flowers and rich in nectar content. 

Impact of Carbon Dioxide on Insect Pollinators 
Scientists are actually eyeing a brand-new wrongdoer- rising levels of carbon dioxide, which alter plant 

physiology and notably lessen protein an essential constituent of pollen. CO2 impacts on insect pollinators 

are believed to be indirect – it means the impact that result from changes in the host crop but no direct 

effects on the health of the pollinator. eg. Asclepias curassavica (milkweed) grown in less CO2 atmosphere 

become smaller and less nutritious vegetation which led to decrease growth rate of Dannus plexippus a 

completely unique and important pollinator. 

Impact on Bee Population 
Bees, in particular, are dealing with the hazard of a phenomenon known as Colony Collapse Disorder 

(CCD). Habitat loss, lack of varied diet and nutritional deficiencies are tied directly to climate change. 

Climate change is forcing flowers to bloom half a day earlier each year that means that plants are now 

producing flower a month earlier than 45 years ago. Flora flowering in advance ultimately implies that 

they do not get pollinated and bees are left without their food. 

Impact on Butterfly Populations 
The butterfly's reproductive development and improvement throughout all life stages is directly related 

with the aid of temperature. The climate affects the butterfly's body temperature, which helps it to find a 

perfect mate and increase fecundity. 

Recent research says that for each one degree Celsius upward thrust in temperature there might be 14% 

loss in butterfly population. Climate change has already had a large effect on monarch's primary food 

supply milkweed.  With increasing temperatures and rising drought cases, milkweed is declining. If 

monarchs are capable of continue to exist in modified weather, they must change their migratory patterns 

or need to search out milkweed in new locations. 
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Impact on Wasp Populations 
A 30-year weather survey concluded that loss of habitat in social wasps correlated to particularly high 

levels of rainfall, temperature, humidity and global solar radiation. On the other side, low levels of 

precipitation during the major rainy season in 2009 recorded an increase in social wasp populations. Recent 

climatic changes have likely resulted in fewer social wasp colonies because they have lowered the wasps' 

resistance to parasitoids and pathogens due to change in temperature. 

Future Thrusts 
1. Planting a variety of pollinator friendly plants. Creation a habitat that is friendly to bees. 

2. Breeding for the resistant strains against abiotic factors. Plant milkweed plants. 

3. Placing dead wood logs around the garden that will serve as nesting material for pollinator like Xylocopa 

bees.  

4. Govt. Schemes should be implemented like honey mission or sweet revolution. 

5. Using of less fossil fuels. Increase the use of energy sources derived from non-traditional sources. 

Conclusion 
Predicting the impact of climate alteration on pollinators is a completely complex exercising and one that 

involves an extraordinary deal of modelling. Climate change has the ability to significantly affect 

environment offerings inclusive of pollination, as with every change, both challenges and opportunities can 

be expected. Climate change may affect the distribution ranges and phenology of both crop plants and their 

most important pollinators, resulting in to temporal and spatial mismatches. It is therefore, vital thing to 

identify the temperature sensitivity of the most important insect pollinators, their crop plants and the 

environmental factors controlling the distribution and phenology. 
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Introduction 
Spices are vegetable products including leaves, plant parts, seeds and roots that are rich in important oils 

and fragrant principles. The spice is a substance that's used in meals for the reason of taste and flavor. 

Some of the mostly used spices crops are, Ajowan, Asafoetida, Cardamom, Black peeper, Black cumin, 

Capsicum, Celery, Chilli pepper, Bay leaf, Cinnamon, Cloves, Coriander, Cubub, Curry tree, Fennel, 

Fenugreek, Garam masla, Garlic, Onion, Ginger, Green cardamom, Indian gooseberry, Mustard seed, 

Nigella seed, Mace, Panch foron, Poppy seed, Saffron, Sesame seed, Tamarind, Turmeric etc. 

Nematode Pest Complex of Spice Crops and their Management 
1. Black pepper (Piper nigrum): India is one of the predominant manufacturers and exporter of black 
pepper within the world. Amongst India, Kerala, Karnataka and Tamil Nadu are most important growing 
region to domesticate black pepper. Nematode species like Meloidogyne sp., Radopholus similis, 
Helicotylenchus sp. and Trophotylenchulus piperis are of common occurrence. Black pepper is suffering 
from nematode infesting diseases. Those infections can lead to huge crop loss approximately 37% to 64% if 
left omitted or if no timely and right plant safety measures are adopted. 

Slow decline disease: Slow decline disease of black pepper is due to a feeder root damage caused 
by R. similis and M. incognita or Phytophthora capsici either alone or in combination. There is a 
sluggish reduction within the energy and productivity of the vine which results in death over 
duration of few years and hence called slow decline. 
Management: 

i. Heavily affected vines should be eliminated from the plantation and destroyed. 
ii. The pits for planting should be treated with phorate 10 G or carbofuran 3 G at the time of 
planting. 
iii. Nematode free root cuttings raised in fumigated or steam sterilized nursery need to be 
used for planting. 
iv. Along with nematicides the basins should be drenched with either copper oxychloride 
(0.2%) or potassium phosphonate (0.3%) or metalaxyl-mancozeb (0.125%). 

2. Root knot disease: Root-knot nematodes (RKN) feeding on plant roots, resulting large galls or "knots" 
that form throughout the root system of the pepper plants. This is why it is referred to as root-knot disease. 
This is caused by the Meloidogyne spp. In Kerala, mainly two species of RKN, M. incognita and M. javanica 
infesting black pepper in the fields. Plant leaves infested by RKN exhibits dense yellowish discolorations, 
root system became heavily galled. Galls are smooth and bigger size in few cultivars but small galls in 
many cultivars. While, the most diagnostic RKN damage occurs below ground, many symptoms can also be 
found above ground. Severely affected plant leaves showed yellowing, chlorosis and stunting in the fields, 
resulted crop yields are reduced. Various factors like, rainfall and temperature influenced nematode 
populations.  

Management: 
i. In areas severely infested with root knot nematodes, use of the resistant variety ‘Pournami’ 
may be planted. 
ii. Biocontrol agents like Pochonia chlamydosporia or Trichoderma harzianum can be applied 
@ 50 g/ vine twice a year. While applying nematicides, the soil should be raked in the basin 
of the vine lightly without causing damage to the root system and the nematicide should be 
spread uniformly in the basin and covered with soil immediately. 
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iii. Sufficient soil moisture should be ensured at the time of nematicide application. 

3. Cardamom (Elettaria cardamomum Maton): Cardamom is also known as "queen of spices", is most 
important spice crop grown on a large scale in the Western Ghats of India. The major constraints are 
nematode infesting diseases, which causes significant yield losses. 

Root knot disease: Root knot nematode M. incognita is a serious problem in cardamom. M. 
incognita and M. javanica has been reported in cardamom nurseries and plantations in India. Heavy 
root knot nematode infestation in mature plants in a plantation causes stunting, reduced tillering, 
yellowing, premature drying of leaf tips and margins, narrowing of leaf blades, delay in flowering, 
immature fruit drop and reduction in yield.  
Management: 

i. Nursery -Disinfest the nursery beds under polythene cover using biocide methyl bromide 
for 3-7 days or by application of any granular insecticides (Carbofuran /Phorate). 
ii. Regular application of organic manures such as neem cake twice a year @ 250-1000 g 
depending on the clump size reduces nematode infestation. 
iii. Spot application of granular insecticides like carbofuran/phorate.  

4. Turmeric (Curcuma longa L.): Turmeric “the golden spice” is one of the essential spices used as an 
important ingredient in culinary, medicinal, cosmetic, dyeing and colouring all over the world. India is a 
leading producer and exporter of turmeric in the world. Turmeric production in India has been undergoing 
down due to several reasons. Among them, one of the major constraints is nematode infesting diseases, 
which causes significant yield losses. 

Root knot disease: The root knot disease in turmeric due to Meloidogyne incognita cause severe 
crop losses. The root knot nematodes cause galling and rotting of roots and underground rhizomes. 
The affected turmeric plants mature dry faster and die sooner than healthy ones, leaving a poor 
crop stand at harvest. 
Management:  
i. Increasing the organic content of the soil also checks the multiplication of nematodes. 
ii. Pochonia chlamydosporia can be applied to the beds at the time of sowing @ 20 g/bed for 
management of nematode problems. 
iii. Carbofuran @ 3kg ai/ha is effective in reducing the gall index. 

5. Brown rot disease: The brown rot disease in turmeric was noticed in the germplasm of C. aromatica 
and C. longa. The brown rot disease in turmeric is caused by Fusarium sp. and lesion nematode, 
Pratylenchus sp. has been recorded from affected tissue. The disease was characterized by unusual 
discoloration and rotting of mature rhizome. In advanced stage, the rhizome becomes deep grey to dark 
brown, lose weight, wrinkled, exhibit dry rot, and less turgid symptoms and the lesions coalesce to form 
larger necrotic areas and progressively extend over a major portion of the rhizome. 

Management: 
i. Brown rot disease can be managed by adopting phytosanitation. In places where nematode 
problems are common, use only healthy, nematode free rhizome for planting. 
ii. Increasing the organic content of the soil also checks the multiplication of nematodes. Carbofuran 
@ 3kg ai/ha is effective in reducing the gall index.   

6. Ginger (Zingiber officinale Rosc): M. incognita, M. arenaria, R. similis, Pratylenchus coffeae and P. 
zea are the major nematode parasites of ginger. Root knot nematodes produced brown, water-soaked areas 
on rhizomes of ginger.The visible symptoms of nematode infestation are stunting, chlorosis, poor tillering 
and necrosis of leaves. M. incognita enters the cortex and stelar regions of ginger root tissues forming giant 
cells (Lanjewar & Shukla 1988). These giant cells were with thickened walls in vascular tissues including 
phloem parenchyma of stelar region. However, there are reports that incidence of rhizome rot in ginger 
was more severe when the rhizomes are infected by nematodes and fungal pathogens like Pythium spp., 
and Fusarium  spp. (Dohroo et al., 1987) . Basal sheath rot, a new disease of ginger is suspected to be caused 
by the combined infection of Aphelenchus spp. and a Fusarium sp. (Magar & Mayee 1988). Bacterial wilt 
of ginger, caused by Pseudomonas solanacearum is also influenced by M. incognita (Samuel & Mathew 
1983). 

Control of Nematodes and Nematode Infesting Diseases 
1. For ginger cultivation in Fiji, a ginger - taro - fallow rotation has been recommended to minimize 

nematode problems (Haynes et al., 1973). 
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2. Application of well-decomposed cattle manure, compost, saw dust, green leaves or neem cake helps in 

reducing nematode multiplication in ginger. 

3. However, among the various chemicals, Fenamiphos  and Carbofuran (1.0 - 4.0 kg a.i). 

Cinnamon (Cinnamomum cassia) 
Root knot nematode: Meloidogyne spp. 

Galls on roots which can be up to 2.5cm (1 in) in diameter but are usually smaller, reduction in plant vigor; 

yellowing plants which wilt in hot weather. 

Dispersal and Migration Due to Change in Temperature 
1. Temperature directly influences the insect dispersal and migration. 

2. Increase in temperature would most likely increase the diversity of insects at higher latitudes. 

Temperate species are likely to encounter nonnative insect that previously were restricted to sub-tropical 

forests. 

3. According to Thomas et al. (2001) changes in distribution and abundance of 46 species of butterflies that 

approach their northern climatic range in Britain and found that three-quarters of them declined. They 

concluded that the dual factors of habitat modification and climate change are likely to cause specialists to 

decline. Leaving biological communities with reduced numbers of species and dominated by mobile and 

widespread habitat generalists. 

Impact of Precipitation on Insect Pollinators 
Changes in rainfall patterns could alter the timings of phenological phases while also increasing the 

likelihood of pollen degradation and nectar dilution each having detrimental effects to the fitness of the 

plant, the pollinator or both parties. 

Yield reduction under drought may also result from a decrease in pollen viability along with an increase in 

seed abortion rate. Some areas likely experience decreased rainfall, leading to water stress that may 

decrease flower numbers and nectar production. Plants having much less numbers of blossoms with poor 

nectar and pollen content are much less visited via the insect pollinators as compared to flowers having 

greater numbers of flowers and rich in nectar content. 

Impact of Carbon Dioxide on Insect Pollinators 
Scientists are actually eyeing a brand-new wrongdoer- rising levels of carbon dioxide, which alter plant 

physiology and notably lessen protein an essential constituent of pollen. CO2 impacts on insect pollinators 

are believed to be indirect – it means the impact that result from changes in the host crop but no direct 

effects on the health of the pollinator. eg. Asclepias curassavica (milkweed) grown in less CO2 atmosphere 

become smaller and less nutritious vegetation which led to decrease growth rate of Dannus plexippus a 

completely unique and important pollinator. 

Impact on Bee Population 
Bees, in particular, are dealing with the hazard of a phenomenon known as Colony Collapse Disorder 

(CCD). Habitat loss, lack of varied diet and nutritional deficiencies are tied directly to climate change. 

Climate change is forcing flowers to bloom half a day earlier each year that means that plants are now 

producing flower a month earlier than 45 years ago. Flora flowering in advance ultimately implies that 

they do not get pollinated and bees are left without their food. 

Impact on Butterfly Populations 
The butterfly's reproductive development and improvement throughout all life stages is directly related 

with the aid of temperature. The climate affects the butterfly's body temperature, which helps it to find a 

perfect mate and increase fecundity. 

Recent research says that for each one degree Celsius upward thrust in temperature there might be 14% 

loss in butterfly population. Climate change has already had a large effect on monarch's primary food 

supply milkweed. With increasing temperatures and rising drought cases, milkweed is declining. If 
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monarchs are capable of continue to exist in modified weather, they must change their migratory patterns 

or need to search out milkweed in new locations. 

Impact on Wasp Populations 
A 30-year weather survey concluded that loss of habitat in social wasps correlated to particularly high 

levels of rainfall, temperature, humidity and global solar radiation. On the other side, low levels of 

precipitation during the major rainy season in 2009 recorded an increase in social wasp populations. Recent 

climatic changes have likely resulted in fewer social wasp colonies because they have lowered the wasps' 

resistance to parasitoids and pathogens due to change in temperature. 

Future Thrusts 
1. Planting a variety of pollinator friendly plants. Creation a habitat that is friendly to bees. 

2. Breeding for the resistant strains against abiotic factors. Plant milkweed plants. 

3. Placing dead wood logs around the garden that will serve as nesting material for pollinator like Xylocopa 

bees.  

4. Govt. Schemes should be implemented like honey mission or sweet revolution. 

5. Using of less fossil fuels. Increase the use of energy sources derived from non-traditional sources. 

Conclusion 
Nematode-induced damages are difficult to differentiate as nematodes are only one of the several agents 

which may impair root function. Nematode infesting diseases affecting spice crops causing huge crop losses. 

An analysis of the production constraints in the maximum spice crops cultivated area in India indicated 

that diseases are major problem of the crop. The soil borne pathogens makes effective control difficult. A 

lack of resistant varieties makes the farmers optional for chemical control, which often becomes futile after 

initiation of symptoms in the field and leaves considerable chemical residues. 
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Abstract 
The Aloe vera plant has been known and used for centuries for its health, beauty, medicinal and skin care 

properties. The Aloe vera plant has been known and used for centuries for its health, beauty, medicinal 

and skin care properties. The aloe vera plant, its benefit and steps to grow aloe vera at home for our need 

is briefly reviewed in this article. 

Introduction 
Aloe vera is a plant with height of almost 60–100 cm containing very short stem or stemless long leaves, 
and belongs to the family Liliacae. The name Aloe vera derives from the Arabic word “Alloeh” meaning 
“shining bitter substance,” while “vera” in Latin means “true.” 2000 years ago, the Greek scientists 
regarded Aloe vera as the universal panacea. The Egyptians called Aloe “the plant of immortality.” There 
are over 550 species of aloe grown around the world (World Checklist of Selected Plant Families, Royal 
Botanic Garden Kew, 2013). However, only two species are grown today commercially, with Aloe 
barbadensis Miller and Aloe aborescens Miller being the most popular. We can easily grow aloe vera at 
home to fulfil our need. 

Benefits of Aloe Vera 
Aloe vera has been used to enhance the beauty of skin, hair, nails, lips, and eyes. However, with the 

improvement in cosmetology, it has been proved that Aloe vera is a very important component of cosmetics. 

It contains almost 20 amino acids, minerals like calcium, magnesium and sodium in sufficient quantities, 

enzymes, vitamins, polysaccharides, nitrogen and other components that make it a miracle beauty herb. 

Some of the most important applications of  Aloe vera for purpose of Cosmetology are being explained here 

briefly. 

1. Pigmentation: Melanin is a pigment which is responsible for the color of the human skin. Hyper 

pigmentation is a situation in which large amount of melanin is synthesized. This generally happens due 

to excess exposure of the skin to the sun.  In reaction to UV rays in sunbeams, the skin cells called 

melanocytes initiate to synthesize melanin.  

2. Skin Eruption: Aloe vera containing creams are beneficial for skin eruptions. Aloe vera gels have been 

proved to be the best remedy for burns and wounds. Actually, cellular regeneration, anti-bacterial and anti-

fungal activities of Aloe vera make it useful for skin eruption. Sclap and other Skin Problems Aloe vera is 

very valuable for skin disorders.  

3. Itching and Blisters: Aloe vera also provides relief from itching and also helps to treat blisters. Aloe 

contains vitamin B1, B2, B6, B12 and vitamin C that provide soothing and pleasing sensation to skin.  

4. Skin Aging: Aloe vera initiates the synthesis of elastin as well as collagen. These proteins are essential 

for preventing the aging of the skin.  

5. Acne: Aloe vera helps to eradicate acne  scars by performing as an immune booster and an anti-

inflammatory agent. Beauty products composed of Aloe vera may diminish the rigorousness of acne. It is 

also composed of the chemical ingredients which have the property to save the skin to initiate the acne. 

6. Freshness: Aloe vera imparts the sensation freshness. It helps in increasing distribution of blood 

therefore providing easier oxygen exchange among the cells, hence giving them nourishment.  

7. Sun-burns: Aloe Vera has an outstanding possession in diminishing the hurting of sunburn. For this 

purpose, it is rubbed directly on skin. The fresh fluid from the plant or Aloe vera containing after-sun 

creams may be used for sun-burns. 
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8. Moisturizing Agent: Aloe vera may also be used for softening and moisturizing the skin. There are so 

many products available in the market containing Aloe vera which may be used post-showering to obtain 

the skin in super soft shape. Aloe vera gel, cream or lotion applied on the face forms a delicious cover that 

helps to shield the skin from dust and other natural elements which may be injurious to the skin. 
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Introduction 
For all plants and animals, and for virtually all microbes, with the exception of some Lactobacilli and a 

Borrelia species, life without iron is impossible. Iron is a vital element to all living organisms for many 

cellular processes such as electron transport chain and as a cofactor for many enzymes. Microorganisms 

growing under aerobic conditions need iron for a variety of functions including reduction of oxygen for the 

synthesis of ATP, for the formation of heme, and for other essential purposes. The aerobic atmosphere of 

the planet has caused the surface iron to oxidized to insoluble oxyhydroxide polymer and reduced the level 

of free iron, therefore microorganism adopted a way for iron acquisition by producing iron chelating 

molecule i.e., siderophores. Siderophores (from the Greek: “iron carriers”) are defined as relatively low 

molecular weight, ferric ion specific chelating agents liberated by bacteria and fungi growing under low 

iron stress. The role of these compounds is to scavenge iron from the environment and to make the mineral, 

which is usually essential to the microbial cell. 

Siderophore forms complex with free iron and transport it into the cell by membrane receptor molecules, 

these molecules are encoded by five genes in operon that is turned off when sufficient iron has been taken 

into the cell. Some bacteria produce one or more siderophores, which can be utilized by other microorganism 

for iron and other metals acquisition. This property of siderophore has increased their application to the 

beneficial side, and related to virulence mechanisms in microorganisms pathogenic to both animals and 

plants. In addition, they have applications in clinical, agriculture and environmental fields. The role of 

microbial siderophores in virulence to plant hosts was first demonstrated for the bacterial pathogen 

Erwinia chysanthemi which produces the catecholate, chrysobactin and the carboxylate achromobactin. 

Erwinia amylovora synthesizes the hydroxamate desferrioxamine and mutant’s defective in 

desferrioxamine biosynthesis show tissue-specific reduced virulence. The microorganisms Azotobacter, 

Pseudomonas, Bacillus and Streptomyces. Among these microbes, Pseudomonas spp. is the active producer 

of siderophores. 

Mechanism of Siderophores in Iron Acquisition 
1. Mechanism of siderophore mediated iron uptake in bacteria: Siderophore-mediated iron uptake 
in microorganisms is both a receptor- and an energy-dependent process. Such systems have been studied 
in Escherichia coli.  

a. Siderophores are part of a multi-component system for transporting ferric iron into a cell. Other 
components include a specific outer membrane receptor protein Fec A, Fep A and TonB-ExbB-ExbD 
protein complex in the inner membrane, a periplasmic binding protein, and an inner membrane 
ATP dependent Fec CDE- Fep CDE protein shown in (Fig. 1). 
b. Under iron deficiency bacteria synthesize siderophore and increase number of receptor molecules 
once the siderophore excreted outside of cell thorough membrane receptor it bind with iron complex 
and transport the iron in to the cell via Fec A and Fep A outer membrane receptor(OM), after it 
transported to Fec C,D,E and Fep C,D,E so called ABC-Transporter systems (from ATP-binding 
cassette)  assembled of two proteins, one to span the membrane acting as a permease and a second 
one which can hydrolyse ATP to provide the energy for transport. 
c. Later siderophore iron complex release in cytoplasm with the help of membraneprotein Ton B. In 
the cell cytoplasm, the iron released from the complex by a mechanism which is still in doubt, it may 
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involve hydrolytic destruction of the siderophore molecule or the reduction of Fe3+ (ferric)  by a NAD 
(P) H linked siderophore reductase or Ent A,B,C,D protein. 
d. The resulting Fe2+ (ferrous) does not have a high affinity for siderophore and therefore dissociated 
from the complex. 

 
Fig. 1. Siderophore-mediated iron uptake in bacteria 

2. Mechanism of siderophore mediated Iron uptake pathway in fungal pathogens: There are two 
important pathways in iron acquisition: 

a. Reductive Iron Assimilation (RIA) Pathway. 
b. Siderophore-mediated iron acquisition (SIA) pathway. 

The Reductive Iron Assimilation (RIA) Pathway 
RIA pathway is well characterized in the eukaryotic model yeast Saccharomyces cerevisiae. 

1. It is a two-step process. 

2. First, plasma membrane-localized iron reductases catalyze extracellular reduction of insoluble and/or 

chelator-complexed ferric (Fe3+) to soluble ferrous (Fe2+) iron, and subsequently Fe2+ is bound by a 

bipartite high affinity iron transport complex, consisting of a multicopper ferroxidase (Fet3), and an iron 

permease (Ftr1), transferred across the plasma membrane, and delivered into the cytoplasm as Fe3+ . (Fig. 

2). Thus, high affinity translocation requires Fet3-mediated oxidation of iron.  

3. The advantage gained by this indirect mechanism of iron uptake is unknown, but one may speculate that 

it confers specificity for iron, as other divalent ions are not prone to changes in their redox status and are 

therefore excluded from the RIA-mediated uptake system. 

4. In the biotrophic corn smut fungus U. maydis, two components of the high affinity RIA system, i.e., the 

high affinity iron permease Fer2, and the iron multicopper oxidase Fer1 were studied. Both, Δfer2 as well 

as Δfer1 deletion mutants were severely affected in virulence, demonstrating the importance of this iron 

uptake pathway for biotrophic development of U. maydis on maize. 

The Siderophore-Mediated Iron Acquisition (SIA) Pathway 
1. Siderophores, are small molecules with high affinity to ferric iron. Their molecular weight ranges from 

100-500 daltons. 

2. They are secreted by many microorganisms such as bacteria, fungi, and graminaceous plants. 

3. Siderophores are among the strongest soluble Fe3+-binding agents known, with iron binding constants 

over 1030M, depending on pH. 
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Fig. 2. Affinity of iron uptake system in fungal pathogens 

RIA pathway represented by the three components; ferric reductase (Fre), ferroxidase (Fet3) and permease 
(Ftr1). The SIA pathway represented by siderophore synthetic machinery (synthesis), secretion and uptake 

transporters (Sit).  Fe2+,  Fe3+, desferrisiderophore;  ferrrisiderophore; , pseudosiderophore. 

Conclusion 
There is an enormous scope for the application of microbial siderophores for the sustainability of humans, 

animals and plants. Currently the applications of siderophores in medicine, agricultural and environmental 

sector are emerging recently but the application of siderophore research is still in lagging phase in various 

field of microbiology. Therefore, their need is much essential in the current era to discover and exploit their 

applications for the welfare of all living beings in order to maintain the stability in the environment. 
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Introduction 
Siderophores are low molecular weight, ferric ion specific chelating agents liberated by bacteria and fungi 

growing under low iron stress. The role of these compounds is to scavenge iron from the environment and 

to make the mineral, which is usually essential to the microbial cell. The role of microbial siderophores in 

virulence to plant hosts was first demonstrated for the bacterial pathogen Erwinia chysanthemi which 

produces the catecholate chrysobactin and the carboxylate achromobactin. Erwinia amylovora synthesizes 

the hydroxamate desferrioxamine and mutant’s defective in desferrioxamine biosynthesis show tissue-

specific reduced virulence. 

Siderophore Producing Bacterial Genera 
Azotobacter, Pseudomonas, Bacillus and Streptomyces. Among these microbes Pseudomonas spp is the 
active siderophore producer.  

Types of Siderophores 
There are three main kinds of siderophore known as hydroxamate, catacholate and carboxalate (Fig.1). 

1. Hydroxamate siderophore: Hydroxamate siderophore are produced by bacteria and fungi. Most 

hydroxamate groups, C(=O)N-(OH) R, where R is an amino acid or a derivative. Each hydroxamate group 

provides two oxygen molecules, which form a bidentate ligand with iron. Therefore, each siderophore forms 

a hexadentate octahedral complex with Fe3+. Hydroxamate siderophores usually show strong absorption 

between 425 and 500 nm when bound to iron. 

Examples: 

a. Ferrichrome produced by the fungus Ustilago sphaerogena, was the first siderophore to be isolated 

and shown to be a growth factor for other microorganisms. 

b. Ferribactin produced by Pseudomonasfluorescens is known to be a hydroxamate. 

c. Gonobactin and nocobactin produced in small quantities by Neisseria gonorrhoeae 

d. N. meningitids are also hydroxamates. 

2. Catecholate (Phenolates) siderophore: Each catecholate group provides two oxygen atoms for 

chelation with iron so that a hexadentate octahedral complex is formed as in the case of the hydroxamate 

siderophores. Linear catecholate siderophore are also produced in certain species.  

Examples: 

a. Agrobactin and parabactin are produced by Agrobacterium tumefaciens and Paracoccus 

denitrificans respectively. Erwinia carotovora produced catecholates, while Pseudomonas produced 

a mixed catecholate-hydroxamate siderophore. 

b. Formation of wine-coloured complex with FeCl3 that absorbs maximally at 495 nm indicates 

catecholate nature of siderophores. 

3. Carboxylate (complexones) siderophore: The best characterized carboxylate type siderophore with 

a novel structure is rhizobactin. Rhizobactin is produced by Rhizobium meliloti strain DM4 and is an amino 

poly (carboxylic aci) with ethylenediaminedicarboxyl and hydroxycarboxyl moieties as iron chelating 

groups. 

Examples: 

a. Staphyloferrin A, produced by Staphylococcus hyicus DSM20459, is another member of this class 

of complexon siderophores.  



 

 
Volume 3 - Issue 6 - June 2021       577 | P a g e  
 

b. Satphyloferrin A consists of one Dornothine and two citric acid residues linked by two amide 

bonds. 

 
Fig. 1. Molecular structure of some representative examples of different siderophore types 

and their natural producer. 

Siderophores in Plant Pathogenic Fungi 
1. All fungal siderophores identified so far are hydroxamates except in zygomycetes produces carboxamates. 

2. Fungal hydroxamates are derived from the non-proteinogenic amino acid ornithine and different acyl 

groups. 

3. These are grouped into four structural families (Fig.2.). 

a. Rhodotorulic acid. 

b. Fusarinines. 

c. Coprogens. 

d. Ferrichromes. 

 
Fig.2. Representative fungal siderophore of the hydroxamate type and their natural 

producers. 

Table 1. Siderophores Produced by Fungi: 

Siderophores Producing Organisms 

Ferrichrome Ustilago spp 

 Sphacelotheca andopogonis 

Ferichrome A Ustilago spp 
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Ferrirhodin Botrytis cinerea 

Fusarinins Fusarium roseum 

 Gliocladium virens 

Fusigen Fusarium roseum 

 Gibberella fujikuroi 

Rhodotorulic acid U. montagneri var. major 

Application of Siderophores 
Siderophore is biological molecule produced by various bacteria having wide application in various field 

such as agriculture to improve soil fertility and biocontrol, environmental application and medicinal 

application. 

1. Agricultural application: 

a. In agriculture inoculation of soil with Pseudomonas putida, which produce pseudobactin, increases 

growth and yield of various plants. 

b. Their plant growth promoting activities include production of HCN, siderophores, protease, 

antimicrobials, phosphate solubilizing enzymes 

c. hydroxamate siderophores are present in various soils and they are also produced in aquatic 

environments.  

d. Further excessive accumulation of heavy metals is toxic to most plants and contaminates the soil which 

result decreased soil microbial activity and soil fertility, and yield losses. 

e. In this concern hydroxamate type siderophore present in soil play important role to immobilize the 

metals. 

Biocontrol agent: 

i. Many bacteria suppress the growth of deleterious microorganism by production of siderophore, 

antibiotics, and cyanide. 

ii. Siderophores are themselves growth inhibitors of various phytopathogenic fungi, such as 

Phytophthora parasitica, Phythium ultimum, Fusarium oxysporum veri dianthi and Sclerotinia 

sclerotiorum. 

iii. Siderophore production as a mechanism of biological control of Erwinia carotovora by several 

plant-growth promoting Pseudomonas fluorescens strains A1, BK1, TL3B1 and B10. 

iv. Siderophores synthesis in fluorescent pseudomonads have the capacity to inhibit germination of 

chlamydospores of F. oxysporum. 

v. Siderophores produced by a microorganism can bind iron with high specificity and affinity, 

making the iron unavailable for other microorganisms; thereby limiting their growth. 

vi. Competition for iron by siderophore production is an important antagonistic trait found in many 

of the bacterial bio control agents against plant pathogens. 

vii. Microbial siderophores may stimulate plant growth directly by increasing the availability of iron 

in the soil surrounding the roots or indirectly by competitively inhibiting the growth of plant 

pathogens with less efficient iron-uptake systems. 

2. Environmental applications: 

a. The most common heavy metal contaminants are Cd, Cr, Cu, Hg, Pb and Ni. 

b. Metals are natural components in soil with a number of heavy metals being required by plants as 

micronutrients. 

c. However, pollution of biosphere by toxic metals has accelerated dramatically since the beginning 

of the industrial revolution.  

d. Heavy metal contamination to water and soil poses a major environmental and human health 

problem. 

e. Siderophores and other naturally occurring ligands may affect actinide mobility in waste 

repositories in the environment and also used to treat radioactive waste prior to storage or to 

decontaminate soils and water. 

3. Medicinal application: 

a. Iron overload diseases, ß-thalassemia: 
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i. In the treatment of -thalassemia and certain other anemias, periodic whole blood 

transfusions are required. 

ii. Since there is no specific physiological mechanism for the excretion of iron in man, 

continued transfusion therapy leads to a steady buildup of iron. 

iii. These iron excesses, as well as the primary iron overload diseases such as 

hemochromatosis and hemosiderosis, and accidental iron poisoning, require the removal of 

iron from the body, especially from the liver. 

iv. Such disease can be efficiently treated with siderophore based drug and siderophore act 

as principal model. 

b. Infection (virulence): 

i. Iron is abundant in the human body, but it is bound to intracellular and extracellular 

components (transferrin, lactoferrin, ferritin; hemo-proteins). This strict iron 

homeostasis leads unavailability of free iron for pathogenic bacteria in host body. 

ii. Most aerobic, facultative anaerobic, and saprophytic microorganism have ability to 

produce high-affinity iron binding compounds, termed as siderophores, that are capable of 

chelating ferric iron and that allow its assimilation through cell surface receptors, therefore 

siderophore production contribute to bacterial virulence. 

c. Trojan horse antibiotics: 

i. Siderophores can be used for selective delivery of antibiotics in antibiotic resistant bacteria. 

It is the potentially powerful application that uses the iron transport abilities of siderophores 

to carry drugs into cells by preparation of conjugates between siderophores and antimicrobial 

agents (Trojan Horse strategy).  

ii. Nature has provided examples for siderophore-antibiotics such as albomycins Ferrimycins, 

salimycins. 

iii. The albomycins use a part of the ferrichrome structure for Fe3+ chelation, attached via a 

serine spacer to a toxic molecule.  

iv. Salimycins use a dicarboxylic acid as a spacer between the trihydroxamate siderophore 

and an aminoglycoside antibiotic.  

v. The occurrence of natural siderophore-antibiotic has opened the way to produce synthetic 

Trojan Horses. 

d. Transuranic elements: 

i. The development of electricity generation by nuclear energy has led to increased human 

exposure to transuranic elements such as aluminium. 

ii. Siderophore can be used to remove such elements from the body. 

e. Siderophores and MRI: 

i. For improved contrast enhancing for magnetic resonance imaging, different paramagnetic 

ions like Mn2+, Fe3+, and Gd3+ have been used. 

ii. However, Gd3+ is highly toxic at concentrations required for MRI. 

iii. Therefore, chelators are required that prevent release of the free cation in vivo. Again, 

siderophores and synthetic analogs serve as principal models for such chelators. 

f. Iron chelators and cancer: Siderophore potential used as iron chelators in the treatment of 

cancers. E.g; Dexrazoxane, O-trensox, desferriexochelins, desferrithiocin, tachpyridine, have been 

found in cancer therapy. 

g. Anti-Malarial agent: Some siderophore have been found to be useful in the treatment of malaria 

caused by Plasmodium falciparum. Siderophore produced by Klebsiella pneumoniae act as 

antimalarial agent. Siderophore enters inside P. falciparum cell and causes intracellular iron 

depletion. 
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Introduction 
Plant pathogens have to negotiate the complex multilayered defense systems that their hosts have evolved 

to prevent the infection. These barriers composed of all preformed defense structures as well as the defense 

reactions induced by the recognition of the pathogen by host system, comprising of PAMP (Pathogen 

Associated Molecular Pattern) triggered immunity (PTI) as well as effector triggered immunity (ETI). 

Effectors are pathogen molecules that manipulate host structure and function either by facilitating 

infection (virulence factors or toxins) or triggering defense responses (avirulence factors or elicitors) (Dodds 

et al., 2009).  

Most of the plant pathogens including bacteria, fungi and nematodes are known to produce the effector 

proteins in order to counterbalance the host defense system. Plant pathogenic bacteria are known to deliver 

these effector molecules into host cells by the type III secretion system (T3SS). Fungal pathogens also 

produce the effector proteins and deliver in to host cytoplasm by some undefined mechanisms, where their 

site of action exists. In addition, some fungi also produce effector molecules which remain restricted to host 

intercellular spaces (Bent and Mackey, 2007). Effectors themselves or effector actions can be recognized by 

plant resistance (R) proteins that triggers cascade of defense responses in host plant, thus confirming the 

molecular mechanisms underlying the gene for gene hypothesis. Successful pathogens modify their effector 

molecules or acquire novel ones to circumvent R protein monitoring. This leads to an evolutionary arm race 

in plant pathogen interaction.  

Positive selection has been observed in many effectors. Most of the work on effector proteins is concentrated 

on bacteria followed by oomycetes plant pathogens. A sophisticated genome analysis of Phytophthora sojae, 

Phytophthora ramorum and Hyaloperonospora parasitica has revealed diverse and largely unique 

collection of effectors with the conserved RXLR translocation signals (Ellis et al., 2009).  The divergence of 

these effector repertoires and the presence of degenerated effector genes indicate that RXLR effectors have 

undergone a relatively rapid evolution, which influences their ability to evolve new host specificity or retain 

the existing virulence function on their respective host. Most of the effector proteins identified till date do 

not share much sequence homology and thus making the discovery of new effector molecules a difficult job.  

Function of bacterial effector molecules as avirulence factors, transcription regulators inside the host 

nucleus and their action on other host proteins is well established. In case of fungal and oomycetes effectors, 

mostly their role in avirulence has been identified. Although it is well accepted that these effector 

molecules, pathogen first might have evolved as an aid to the infection process or to increase their fitness 

by increasing nutrient availability, but these conflicting roles are yet to be clearly established for each 

effector molecule (Stergiopoulos et al., 2009). Here fungal effectors are discussed as their types, how they 

were discovered, their role, how they are secreted and then delivered to host system and finally their role 

in infection and virulence of the pathogen. 

Effector Proteins 
Molecules which are currently known as effectors have long been described under different terms, including 
avirulence, virulence, elicitor and toxins. Term effector is neutral and does not employ a negative or positive 
impact on the outcome of the disease interaction (Kamoun, 2007). Effectors are now considered to be neutral 
because many pathogen molecules have dual and conflicting functions depending on the genotype of host 
plant and other factors. Now it is very well established that an effector with an avirulence activity on a 
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given host plant may have virulence function on another genotype (Gohre et al., 2008). An effector that 
triggers necrotic response could function as an elicitor that limits infection in a biotrophic pathogen, while 
it may facilitate the infection by a necrotroph and thus functioning as a toxin. Effector molecules have been 
described in biotrophic (rust fungi), hemi-biotrophic (oomycetes) as well as in necrotrophic fungi. For 
instance, in hemi-biotrophs like Phytophthora, an effector may have different effects depending on whether 
it is expressed during early biotrophic phase or late necrotrophic stage of the disease (Ellis et al., 2009).  

Recently effectors are defined as “pathogen proteins and small molecules that alter host-cell structure and 
function”. This alteration either facilitate infection (as in the case of virulence factors and toxins), or trigger 
defense responses (avirulence factors and elicitors) or both (Ellis et al., 2009). Fungal effector proteins are 
of two types: apoplastic which are secreted into plant extracellular spaces and thus interact with 
extracellular targets and surface receptors and cytoplasmic which are translocated inside the plant cell and 
target different sub cellular compartments (Kamoun, 2006).  

Some filamentous plant pathogens remain exclusively in between host cell walls (apoplast), such as 
Cladosporium fulvum that infects tomato. Other pathogens including mildews, rusts, smuts, Phytophthora 
species and Magnaporthe species, invade host cell wall but remain external to and separated from the host 
cytoplasm by host and pathogen cell membranes. Among these rust, mildew and oomycetes pathogens form 
hyphal protuberances called haustoria whereas other, like maize smut and rice blast fungi, use expanded 
but probably specialized intra-host cell wall hyphae.  

New fungal and oomycete effectors are identified by employing map base cloning approach. Most of the 
secreted proteins are expressed specifically during plant infection but not in artificial culture media are 
likely effectors and there is an expanding effort to characterize their function. The sequences of a number 
of effectors indicate their enzymatic function such as host cell degradation or inhibitor activity towards 
host defensive enzyme such as proteases. However, a large proportion of known effector protein has novel 
sequences with no conserved domains of known function apart from the N terminal secretion domains. 
Many effector proteins are recognised by host resistance proteins and thus can be identified as molecules 
that triggers protein dependent hypersensitive reaction (HR), when expressed in or secreted from host cells. 
Function of fungal effector proteins in virulence has been shown as in the case of effector Avr2 (SIX3) and 
Avr3 (SIX1) in tomato pathogen Fusarium oxysporum f. sp. lycopersici. Some effector proteins are 
translocated across the host membrane into the cytoplasm. Although bacterial effectors are known to be 
translocated into host cytoplasm by well-known type three secretary apparatus but in case of plant 
pathogenic fungi exact mechanism of their delivery is not known. 

Host-Pathogen Co-Evolution: Central Dogma of Plant Pathology 
After coming into contact with a pontetial host plant, pathogen has to overcome several pre-existing 

physical barriers (such as leaf cuticle), following the successful penetration  pathogen have to protect them 

from plant defence enzymes  or antimicrobial compounds. Pathogenic fungi are mostly confined to the 

apoplastic spaces for proliferation and have to device means to access the cytosol, where they have to 

supress defence responses and obtain nutrients from the plants. Some fungi and oomycetes form 

appressoria that force penetration hyphae by turgor pressor through the cell wall, followed by the formation 

of feeding structures (haustoria) that are surrounded by plant plasma membrane. The battle race between 

both living organisms i.e., plant and pathogen leads to their coevolution to win upon one another. Most 

recently a four-part model has been described to explain the above said coevolutionary process referred to 

as cenral dogma of plant pathology (Fig. 1). 

Plants in addition to their preformed physical and chemical barriers, first have an immune system that 

can detect the conserved genetic components of most micro-organisms such as fungal chitin or bacterial 

flagellin, which are collectively known as  pathogen associated molecular patterns (PAMPs). Recognition 

of these factors by cell-surface receptors leads to PAMP-triggered immunity (PTI), which is effective at 

preventing infection by known non-adapted pathogens. Plant pathogen now overcome this defense through 

the use of effectors (virulence factors) that interfere directly with the PTI signalling process and thus 

making plant susceptible to the attack of that pathogen. However, many of these effectors are recognized 

by a second layer of the plant defense system, which involves intracellular receptors that are the products 

of the classically defined resistance (R) genes of the gene-for-gene system. These receptors recognize the 

products of pathogen avirulence (Avr) genes, leading to rapid activation of defence mechanisms, such as 
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increased ion fluxes, an extracellular oxidative burst and a localized cell death termed the hypersensitive 

response (HR), which is thought to limit the spread of the pathogen from the infection site. 

 
   Fig 1. Four different stages of co-evolution during host-pathogen interaction. 

This layer of defense has been termed effector-triggered immunity (ETI), and involves direct or indirect 

recognition of pathogen-effector proteins by plant R proteins, thus resulting in the resistance response 

against the pathogen. Finally, pathogen evolves further and escapes the detection by the R gene product 

by eliminating or modifying the detected effectors (virulence factor) thus suppressing the R gene mediated 

defence reaction. Thus, plant immune system behaves in a zig-zag manner where effector-triggered 

immunity (ETI) is always followed by effector-triggered susceptibility (ETI), representing an arm race of 

evolution between host and their pathogens (Bent and Mackey, 2007). 

Conclusion and Future Prospective 
Plants defend themselves against pathogens through an extremely well-regulated, layered defense system. 

This is composed of preformed physical and chemical barriers, immediate responses upon pathogen contact, 

and temporally dispersed cellular and systemic reactions leading to increased resistance. Successful 

pathogens can overcome this defense system by modifying components at any given step. For this purpose, 

effector molecules are secreted into plant tissue and cells. This secretion most likely follows a sequential 

order that is adapted to overcome the layered defense of plants. Effectors can be identified by several 

reporter assays, effector inventories, and bioinformatic predictions. Frequently, effectors are modular 

proteins with several activities leading to overlapping or even contradictory results in predictions and 

reporter assays. 

For a limited number of effectors, the mechanisms of action and targets have been identified. Effectors 

appear to be highly adapted to their host plants. Therefore, effectors can promote pathogen virulence across 

microbial kingdoms. Effectors themselves or effector actions can be recognized by plant R proteins that 

trigger ETI. However, successful pathogens modify their effectors or acquire novel ones to circumvent R 

protein monitoring. This leads to an evolutionary arms race in plant pathogen interactions. 

Bacterial and fungal effectors provide fascinating insights into how dynamic evolutionary processes directly 

influence every aspect in host-pathogen interaction, from ecological interactions to molecular mechanisms. 

Although there are many examples of fungal effector proteins where they are proved to be secreted from 

the hausoria to the extra-haustorial matrix through signal peptide sequence by employing exocytosis, but 

from there how these effectors are delivered in to host cytoplasms (where their targets are found), is not 

yet successfully investigated.  

More sophisticated bioinformatic methods for effector identification and prediction of function from genome 

information are needed. The determination of how effectors are translocated from the fungal pathogen to 

the host cell is an intriguing challenge. In future it will remain an important research area in study of 

fungal effectors to identify their biochemical activities and to understand how they perturb plant processes 

and increase the virulence of pathogen. Although our knowledge in various aspects of fungal effectors is 
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insufficient, in future full understanding of fungal effectors will help to unravel mechanisms of 

pathogenicity and plant defense. 
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The Olive, (Olea europaea), subtropical broad-leaved evergreen tree (Family Oleaceae) and its edible fruit. 

The olive fruit and its oil are key elements in the cuisine of the Mediterranean and are popular outside the 

region. It is popularly known as “Symbol of Prosperity and Peace”. Though it is subtropical tree but it 

requires chilling for fruiting like the deciduous fruit plants. 

 

The tree’s beauty has been extolled for thousands of years. The edible olive was grown on the island of 

Crete about 3500 BCE. Semitic peoples apparently cultivated it as early as 3000 BCE. Olive oil was prized 

for anointing the body in Greece during the time of Homer, and it was an important crop of the Romans 

about 600 BCE. Later, olive growing spread to all the countries bordering the Mediterranean, and the tree 

is also planted as an ornamental in suitable climates. It is thought that the olive was, a native of Asia 

Minor in ancient times. The olive is a native of the Mediterranean region. The centre of diversity of olive 

includes countries like Palestine, Lebanon, north-west Syria and Cyprus.  

The olive tree ranges in height from 3 to 12 meters (10 to 40 feet) or more and has numerous branches. Its 

leaves, leathery and lance-shaped, are dark green above and silvery on the underside and are paired 

opposite each other on the twig. The wood is resistant to decay. If the top dies back, a new trunk will often 

arise from the roots. Olive trees bloom in late spring; small, whitish flowers are borne in loose clusters in 

the axils of the leaves. Flowers are of two types: perfect, containing both male and female parts, which are 

capable of developing into the olive fruits; and male, which contain only the pollen-producing parts. The 

olive is wind-pollinated. Fruit setting in the olive is often erratic. In some areas, especially where irrigation 

and fertilization are not practiced, bearing in alternate years is the rule. The trees may set a heavy crop 

one year and not even bloom the next. 

The olive fruit is classed botanically as a drupe, similar to the peach or plum. Within the stone are one or 

two seeds. Olives tend to have maximum oil content (about 20–30 percent of fresh weight) and greatest 

weight six to eight months after the blossoms appear. At that stage they are black and will continue to 

cling to the tree for several weeks. 

Olive grows well and records maximum production even in calcareous soils. Though it thrives well in 

various soil types, productivity is maximum in soils with good aeration and water holding capacity. While 

alkaline or acidic soils are not suitable.  The pH of the soil between 6.5 and 8.0 is desirable. Heavy clay soil 

with water logging and poor aeration should be avoided. Commercial olive growing well in a long hot season 
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is needed for good fruit development. Though olive is a day neutral plant, it has an affinity for sunlight.  It 

is growing to areas within 30-45 ° latitude south and north of the equator. For the initiation of flowering, 

12-15 weeks with night and day temperatures of 35° F and 60° F is necessary in the winter season. 

 

Olive is a rainfed crop and mostly it is not irrigated.  It requires a total precipitation of 100-2000 cm 

throughout the year is adequate is enough.  Heavy rain during flowering results in poor fruit set because 

of reduced pollination. If a rainfall 0f 25-100 cm has been received in winter season, olives will result in to 

the with and extended drought periods severe summer. 

The olive has been propagated vegetatively, later by grafting and cutting. Propagation by seeds is not 

advisable to the heterogeneity of progeny and extremely long juvenile phase. Olive propagation by both 

sexual and asexual methods is relatively easy. It can be propagated by seed, cutting, layering, budding, 

grafting, suckers and root cuttings.  

In olives, the plant population per unit area is influenced by several factors viz., soil fertility, topography, 

variety and systems of training and pruning. A high-density planting with 400 trees per ha i.e., 5 × 5 metres 

recorded the highest yield. For soils of medium fertility, a spacing of 7.05 × 7.05 metres is recommended 

while for poor soils, if the crop is rainfed, a closer spacing of 6 × 4 m is advised. For better production, olives 

are planted from July- August. Which helps the plants to tolerate transplanting shock quickly and reduce 

post-transplant mortality.  A fertilizer recommendation of 180 :120 : 160 doses of NPK is applied with the 

full complement of phosphatic and potassic  fertilizers and one third of nitrogeneous fertilizers has to be 

applied as a basal dose during  January. A regular use of organic manure is advocated for maintaining the 

fertility status of soil to improve the soil structure. In an autumn application of organic matter will help 

the soil warm during the winter months and also to reduce harmful effects of drought conditions. 

Three irrigations need to be applied at the critical methods viz., (i) before flowering for reducing premature 

pistil abortion; (ii) at the time of fruit set to avoid excessive fruit drop; (iii) at the time of maturity to reduce 

the pre-harvest fruit drop. Watering should be avoided during the flowering or after the onset of fruit 

ripening.  The olive orchard may be ploughed twice a year. The first, soon after the harvest while other at 

the onset of spring season. Inter cropping with pulses or potatoes, cereals or green manure crop should be 

practiced during rainy season. The olive orchards may be ploughed twice a year. The first, soon after the 

harvest and the other at the onset of spring season. Mainly, intercropping with pulses or potatoes, cereals 

or green manure crops could be done. Fruit crops like Pomegranate, fig can be practiced if planting is done 

with a wider spacing. Pruning is done mainly with the help of selection of three to five scaffold branches.  

Espalier, open cylinder, mono cone, poly cone, pyramid, cordon and g-form are the systems of training 

followed in olive plantations. 
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Introduction 
Citrus fruits have a prominent place among popular and extensively grown tropical and sub – tropical 

fruits. After grapes and olives, they are cultivated on larger area than any other fruits of these zones in the 

world. Their wholesome nature, multifold nutritional and medicinal values have made them so important. 

Citrus fruits possess greater adoptability to different climatic conditions, so are grown with equal success 

in tropical and subtropical regions. 

Diseases 
1. Citrus Gummosis: 

Causal organism: Phytophthora citrophthora 

Epidemiology: 

i. Prolong contact of trunk with water as in flood irrigation. 

ii. Water logged areas and heavy soils predispose the disease. 

iii. Incidence is more in black soils than in light soils, high water table leads to high incidence. 

iv. The disease is severe in high rainfall areas. 

Mode of spread and survival: Dormant mycelia and oospore present in effected debris and 

infested soil. Zoospore spread through soil, irrigation water. 

Symptoms: 

a. Disease starts as water-soaked large patches on the basal portions of the stem near the 

ground level. 

b. First symptoms are dark staining of bark which progresses into the wood. 

c. Bark in such parts dries, shrinks and cracks and shreds in lengthwise vertical strips. 

d. Bark at the base is destroyed resulting in girdling and finally death of the tree. 

e. Later profuse exudation of gum from the bark of the trunk occurs. There may be a 

considerable amount of gum formation in sweet oranges, but relatively little in grapefruit. 

f. Infection extends to crown roots. 

g. Prior to death, the plant usually blossoms heavily and dies before the fruits mature. 

 
Management: 

i. Preventive measures: 

• Selection of proper site with adequate drainage and high budding (30-46 cm or bove). 

• Provision of an inner ring about 45 cm around the tree trunk to prevent moist soil. 

(Double ring method of irrigation) 

• Avoid irrigation water from coming in direct contact with the trunk. 

• Aviod injuries to crown roots or base of stem during cultural operations. 

• Use resistant sour orange rootstocks for propagating economic varieties. 
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• Painting Bordeaux paste or with ZnSO4, CuSO4, lime (5:1:4) to a height of about 60 

cm above the ground level at least once a year. 

ii. Curative measures:  

• Scrape the diseased portion with a sharp knife. 

• Protect the cut surface with Bordeaux paste followed by spraying of 0.3% fosetyl-AL 

reduces the spread. 

• Soil drenching with 0.2% metalaxyl and 0.5% Trichoderma viride commercial 

formulation is also effective. 

2. SCAB: 

Causal organism: Elsinoe fawcetti 

Epidemiology: 

i. Young leaves are highly susceptible. 

ii. The fungus infects tissues only when the surface is wet and prefers temperature of 16-23º 

C. 

iii. The disease is a problem under low temperature and high humidity conditions. 

Mode of spread and survival: The fungus survives the off-season as ascospores. The secondary 

spread is through air borne conidia. 

Symptoms: 

i. The disease attacks leaves, twigs and fruits. 

ii. The lesions on leaves in early stages consist of small, semi-translucent dots which become 

sharply defined pustular elevations usually on the underside, flat or somewhat depressed at 

the center, the opposite surface corresponding to the warty growth shows a circular 

depression with a pink to red centre. In later stages, leaves often become distorted, wrinkled, 

stunted and mis-shapened. 

iii. The twigs also develop similar lesions and the affected twigs are ultimately killed. 

iv. On the fruit, lesions consist of corky projections which often break into scab affecting 

larger areas on the fruits. The surface becomes rough and distorted. 

v. The market value of the fruits is considerably reduced, through the fungus rarely affects 

the fruit flesh below the skin. 

 
Management: 

i. Collect the infected leaves and burn it. 

ii. The disease can be controlled by spraying with 1% Bordeaux mixture, difolatan and 

benomyl. 

iii. Chemical : carbendazin – 1.25 gm/lit. 

iv. Avoid excess N application. 

v. Provide recommended K application. 

3. Citrus Canker: 

Causal organism: Xanthomonas axonopodis pv. citri 

Epidemiology: Spring season is favourable for the development of disease. 

Mode of survival and spread: 

i. Survives in infected leaves for 6 months. 

ii. Bacteria overwinters in leaf, twig and fruit canker lesions 

iii. Citrus leaf miners helps in the dissemination of the pathogen. 
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iv. Spread by rain splashes. 

Symptoms: 

i. Canker appears on leaves, twigs, petioles, branches, fruit stalks, fruits and thorns. 

ii. When it is severe, trunk and roots are also affected. But the symptoms are most 

conspicuous on leaves, twigs and fruits. 

iii. The lesions appear as minute water soaked round, yellow spots which enlarge slightly 

and turn brown, eruptive and corky. 

iv. On acid lime and sweet orange they are about 2 to 3 mm in diameter. These pustules are 

surrounded by a characteristic yellow halo. 

v. Canker lesions on the fruit do not possess the yellow halo as on leaves. 

vi. several lesions on fruit may coalesce to form a patch. The creater-like appearance is more 

marked on fruits than on leaves. 

vii. The market value of the fruits is considerably reduced by the canker spots, through such 

infections are mostly confined to the fruit skin. 

viii. Due to severe infections of the leaves there may be defoliation and severe infections of 

the twig and stem may cause die-back symptoms. 

ix. The plants also remain stunted and fruit yields are reduced considerably. 

 
Management: 

i. Use canker tolerant varieties like Tenali selection and Balaji. 

ii. select seedlings free from canker for planting in main field. 

iii. spray streptocycline (1g) + copper oxychloride (30g) in 10 litres of water at fortnightly 

intervals for effective management of canker in citrus nurseries. 

iv. Three spraying of streptocycline (1g) + copper oxychloride (30g) in 10 litres of water at an 

interval of 20 days during rainy season is effective for leaf canker. 

v. Fruit infection can be prevented by two sprays of streptocycline (1g) + copper oxychloride 

(30g) in 10 litres of water at marble stage followed by another spray 30 days later. 

4. Citrus Tristeza: 

Causal organism: Citrus tristeza virus 

Mode of survival and spread: The disease primarily spreads through grafting and budding. 

Under field conditions, it is transmitted by the black citrus aphid, toxoptera citricida. The virus is 

not seed borne. 

Symptoms: 

i. Tristeza affected trees look chlorotic and sickly in the early stages. Gradually the leaves 

drop and the defoliated twigs show die-back. The declining trees die gradually but sometimes 

apparently healthy trees die suddenly. 

ii. Vein clearing or vein flecks in young leaves of acid lime is seen intermittently when viewed 

against light. 

iii. In sweet orange, the specific symptom of tristeza is honeycombing, a fine pitting of inner 

face of bark in the portion of trunk below the bud union. In acid lime which is highly 

susceptible to the disease, vermiform or linear pits appear in the woody cylinder. 

iv. Tristeza infected citrus trees on sour orange rootstocks cause phloem necrosis at the graft 

union. 
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v. Diseased trees usually blossom heavily. Trees with stem pitting are stunded and set less 

fruits. The fruits are of smaller size and of poor quality. As the fruit develop, the tree wilts 

partly or completely. 

 
Management: 

i. Remove all diseased trees as and when the disease is noticed. Fresh plantings to be taken 

with virus free materials on tolerant rootstocks. For sweet orange and mandarin avoid 

susceptible root stocks. 

ii. For Andhra Pradesh, Maharashtra and Karnataka, Rangapur lime is recommended as a 

root stock resistant to Tristeza. For the Punjab region, Jattikhatti, Cleopatra mandarin and 

sweet orange are recommended as resistant root stocks. 

iii. Sprays of insecticides like Monocrotophos 0.05% reduce the secondary spread of the 

disease in the orchard. 
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Summary 
High pressure processing (HPP) is a promising “non-thermal” technique for food preservation that 

efficiently inactivates the vegetative microorganisms, most commonly related to food-borne diseases 

allowing most foods to be preserved with minimal effect on taste, texture or nutritional characteristics. The 

main advantage of high-pressure processing compared to thermal sterilization and pasteurization is 

maintenance of sensory and nutritional characteristic of treated food products. HPP provides a means for 

retaining food quality while avoiding the need for excessive thermal treatments or chemical preservation. 

High-pressure processing provides a unique opportunity for food processors to develop a new generation of 

value-added food products having superior quality and shelf-life to those produced conventionally. 

Introduction 
Consumers have a growing preference for convenient, fresh like, healthy, minimal-processed food products 

with natural flavor and taste and extended shelf-life. To match these demands without compromising 

safety, in the last decade alternative non-thermal preservation technologies as high-pressure processing, 

irradiation, light pulses, natural bio-preservatives together with active packaging have been proposed and 

further investigated. 

High pressure processing is a promising “non-thermal” technique for food preservation that efficiently 

inactivates the vegetative microorganisms, most commonly related to foodborne diseases. High pressure 

processing is carried out with intense pressure in the range of 100-1000 MPa, with or without heat, allowing 

most foods to be preserved with minimal effect on taste, texture or nutritional characteristics. The main 

advantage of high-pressure processing compared to thermal sterilization and pasteurization is 

maintenance of sensory and nutritional characteristic of treated food products. 

Pressure treatment can be used to process both liquid and high-moisture-content solid foods. Pressure 

processing is lethal to microorganisms but at relatively low temperatures (0-40° C) covalent bonds are 

almost unaffected. The limited effect of HPP (at moderate temperature) on covalent bonds represents a 

unique characteristic of this technology because HPP has a minimal effect on food chemistry. HPP provides 

a means for retaining food quality while avoiding the need for excessive thermal treatments or chemical 

preservation. 

Microbial inactivation is one of the main goals for the application of high-pressure technology. The 

inactivation effect of high-pressure processing results in extending shelf-life and improving the microbial 

safety of food products. According to some researches high pressure treatment could be accepted as a food 

safety intervention for eliminating Listeria monocytogenes in processed meat products and cheese. High 

pressure treatment is also effective in inactivating other hazardous microorganisms such as E. coli, 

Salmonella, and Vibrio, as well as many yeasts, molds, and bacteria responsible for food spoilage. The 

microbiological shelf-life and food quality can be substantially extended by the use of HPP. 

Bacterial spores represent a challenge for high pressure technology and more information about their 

resistance is required. Microbial spores suspended in foods or laboratory model system could be inactivated 

by high pressure treatment but compared to vegetative cells the treatment conditions must be extreme: 

higher pressure and long exposure time at elevated temperature. When pressure-temperature is combined 

at 690 MPa and 80° C for 20 minutes, the treatment is effective with a significant reduction in the 

Clostridium sporogeneses spore count. Successful treatment of Bacillus stearothermophilus is observed 

where pressure treatment is combined with moderate temperature (70° C). There are no published reports 
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on the high-pressure resistance of Clostridium botulinum spores, and their ability to withstand high 

pressure at low or high temperatures is unknown. 

Basic Principles of High-Pressure Processing 
The basic principles that determine the behavior of foods under pressure are:  

1. Le Chatelier’s principle: Any reaction, conformational change, phase transition, accompanied by a 

decrease in volume is enhanced by pressure.  

2. Principle of microscopic ordering: At constant temperature, an increase in pressure increases the 

degrees of ordering of molecules of a given substance. Therefore, pressure and temperature exert 

antagonistic forces on molecular structure and chemical reactions. 

3. Isostatic principle: The food products are compressed by uniform pressure from every direction and 

then returned to their original shape when the pressure is released. The products are compressed 

independently of the product size and geometry because transmission of pressure to the core is not 

mass/time dependent thus the process is minimized. If a food product contains sufficient moisture, pressure 

will not damage the product at the macroscopic levels as long as the pressure is applied uniformly in all 

directions. 

Aspects of Applications of High-Pressure Processing of Foods 
High-pressure processing provides a unique opportunity for food processors to develop a new generation of 

value-added food products having superior quality and shelf-life to those produced conventionally. High 

pressure processing is a very promising technology for ready-to-eat (RTE) meats because there are few 

barriers to approval by regulatory authorities, no special labelling requirements because no chemicals are 

added, and if used appropriately there are no changes to texture or flavor of the product. Researchers found 

that in RTE meats that are pressure treated at 600 MPa at 20° C for 180 sec, there were no changes in 

sensory quality, no difference in consumer acceptability, a 4-log reduction in Listeria monocytogenes in 

inoculated product and the refrigerated shelf-life was extended.  

There is report that HPP treatment (600 MPa for 10 minutes at 30° C) could extend the shelf-life of food 

including cooked ham, dry cured ham and marinated beef loins. High pressure application of 500 MPa could 

extends the shelf life of cooked pork ham and raw smoked pork loin up to 8 weeks, ensuring good 

microbiological and sensory quality of products. Pressurization at high temperature can sterilize foods. 

Pressure treatment is of special interest for products or meals containing ingredients that are extensively 

modified by heat. HPP has potential as a phyto sanitary treatment to control quarantine insect pests in 

fresh or minimal processed fruits and vegetables to extend their shelf-life. 

Conclusions 
High pressure technology proposes a great potential to develop new “minimally” treated foods with high 

nutritional and sensory quality, novel texture and with an increased shelf-life. The novelty of HPP 

technology and high equipment costs are barriers to its commercialization but increased consumer’s 

demand for fresher-tasting foods containing fewer preservatives drives an increase in this segment. HPP 

can preserve food products without heat treatment or chemical preservatives, and its ability to ensure 

safety and significantly extended refrigerated shelf life has opened new market opportunities particularly 

in the area of “natural” preservative free food products. 
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Introduction 
Farmers have struggled with the presence of weeds in their fields since the beginning of agriculture. Weeds 

can be considered a significant problem because they tend to decrease crop yields by increasing competition 

for water, sunlight and nutrients while serving as host plants for pests and diseases. Since the invention 

of herbicides, farmers have used these chemicals to eradicate weeds from their fields. Using herbicides not 

only increased crop yields but also reduced the labor required to remove weeds. Today, some farmers have 

a renewed interest in organic methods of managing weeds since the widespread use of agro-chemicals has 

resulted in purported environment and health problems. It has also been found that in some cases 

herbicides use can cause some weed species to dominate fields because the weeds develop resistance to 

herbicides. In addition, some herbicides are capable of destroying weeds that are harmless to crops, 

resulting in a potential decrease in biodiversity on farmers. It is important to understand that under an 

organic system of seed control, weeds will never be eliminated but only managed. In organic farming, weeds 

can be managed by the following methods. 

Cultural Methods 
Cultural/ecological methods of weed control exploits the crop's competitive behaviour, growing environment 

and crop management practices towards smothering of weeds. 

1. Crop species: Crop species differ in their germination pattern, tillering, branching, nature and 

orientation of inclination of leaf, root growth, plant height, total growing duration, etc. Therefore, variation 

in their competitive and weed smothering ability is quite apparent. 

2. Crop variety/cultivar: Crop variety/cultivar also very in their ability to compete with weeds on the 

same principles as crop plants. 

3. Sowing of crop (time, method, seed rate, spacing): If initial flush of weeds germination at one point 

of time is bypassed through manipulation of time of sowing of crop (little earlier/later), crop germination 

and initial growth could be under weed-free or less-weedy environment. Line sowing usually encounters 

less weed infestation and provide more ease of controlling them than broadcasting method. Greater initial 

seedling vigour of crop would result in healthy and competitive crop which itself would be able to smother 

weeds. Normally higher the density of a crop, lower is weed competition. Required population should be 

maintained for grain crop, whereas population can be increased in case of fodder/forage crops. Generally 

closer row spacing reduces weed competition in crops. Therefore, suitable row spacing close enough which 

does not invite intra species competition among crop plants needs to be searched out. 

4. Crop rotation: Crop rotation regularly changes crop and microclimate in each field. Crop rotation is 

considered as a 'panacea' for controlling several insect pests, diseases and weeds under crop field 

ecosystems for maintaining soil health and sustained crop production. Crop rotation is highly effective 

against crop associated and parasitic weeds. 

5. Cropping practice: Crop diversification based on situation/locality provides an edge over sole cropping 

towards reduction of weed competition. Compatible crop mixture (e.g., inter-cropping, mixed-cropping) 

which reduces weed competition and vis-a-vis increases total yield should be selected. Companion crops 

such as cover crop, live mulches or smother crops are used as intercrops to supress weeds. 

a. Live mulch/cover crop: Live mulch is a living cover maintained by growing a cover crop. e.g. 

Live cover can be established between widely spaced rows of fruit and plantation crops. Intercrop 

having good weed smothering ability can be introduced in inter rows of an economic crop. 
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b. Trap and catch crops: Trap crops are false hosts which exude germination stimulants and 

induce weed seed germination, but after germination, weed may die for want of real host. This is 

called suicidal germination. Catch crops are parasitic weed susceptible variety of crop, which is 

grown and ploughed into soil prior to the flowering of parasitic weeds and sowing of a crop of 

principal interest. 

6. Irrigation: Time and method of irrigation affect weed emergence and growth, submergence controls 

many weeds, drip irrigation reduces weed proliferation leaving less soil area wetted near the crops, furrow 

irrigation lessens weeds in dry areas. 

7. Fertilizer application: Scientific manipulation of the soil-crop-weed environment in favour of crop by 

fertilizers will lead to selective stimulation of crop growth, which then itself may serve as a weed 

smothering measure. Kind of fertilizer may have selective influence on some weed species. P and K are 

applied as basal application but n has to be applied in split not giving chance to weeds to share much of it. 

Top dressing may be advocated after hand weeding of weed control measure. Fertilizer application to crop 

should be banded, side-dressed or placed below the crop rows before sowing to reduce weed competition. 

Generally higher rate of fertilizer particularly N lowers weed growth. 

8. Stale seed bed: First irrigation is applied to the field and then ploughed on optimum moisture status 

and levelled. Crop sowing is withheld for about a fortnight to allow germination of weeds. Weeds are then 

controlled by shallow cultivation. 

9. Summer fallowing: The inclusion of a fallow period in the rotation may allow natural suppression of 

weeds. In India, crop land is usually kept fallow during summer where there is no irrigation facility. 

Mechanical Methods 
This method includes such practices as hand weeding, hoeing, moving, flooding, mulching, burning and 

tilling the soil for the reduction of weeds. 

1. Hand weeding: Hand weeding is the oldest method of weed control. It is time consuming, labour 

intensive and often costlier. It effectively controls annual weeds. 

2. Hand hoeing: Hand hoeing is a post-planting interculturing operation, which stirs the soil and makes 

it more loosened. It is effective against annual weeds. 

3. Tillage: Tillage is simply mechanical stirring of soil for preparation of seed bed for proper germination 

and growth of crop. It includes primary and secondary tillage operations. Tillage operations uplift and 

invert crop residues and weeds along with soil and bury them into soil. 

4. Mowing and slashing: The concept behind moving and slashing is prevention of weed seed production 

and dissemination through concurrent control of weeds or wild vegetation usually under non-crop situation 

such as canal bunds, farm roads, parks and lawns. 

5. Flooding: Flooding creates anaerobic condition, which prevents weed seed germination and root 

respiration of already germinated seeds and kills plants by reducing oxygen supply for growth. It is followed 

in both cropped and non-cropped areas. 

6. Burning and flaming: Burning is practiced mainly under non-crop situation towards non-selective 

control of weeds. It also destroys weed seeds along with insect-pests and diseases. Flaming could be used 

both selectively and non-selectively. Flame is directed towards the ground and injury to crop can be avoided. 

7. Digging: Digging in small scale may be carried out to remove the underground vegetative structures 

from deeper layer of soil if found perennial weeds. 

8. Chaining and dredging: Chaining and dragging are control measures for aquatic weeds. Chaining 

means pulling a heavy chain through the bottom of ditch by two tractors moving on either bank of the ditch. 

Dredging is the mechanical pulling of weeds along with roots and rhizomes covered in mud. 

9. Mulching: Mulching has enough bearing towards weed control in cropped and non-cropped situations. 

Weed germination and subsequent emergence and growth are prevented due to lack of congenial 

temperature and sunlight. 

a. Live mulch: e.g., cover crop, inter-crop, green manure 

b. Dead mulch 
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i. Organic: Residue, trash, sawdust, organic matter, etc. 

ii. Synthetic: Polythene film. 

iii. Soil/dust mulch. 

10. Soil solarization: The basic principle behind soil solarization is that light received from the sun in the 

form of short-wave radiation easily pass through transparent colourless polythene film and reach to soil. 

As a result, soil is heated and long wave radiation is emitted. This cannot pass through transparent 

polythene film and result in build up or trapping of heat. The resultant temperature increase would be 

lethal to soil pathogens, nematodes and weeds. Surface soil temperature may increase upto 55-60ºC due to 

solarization during hot summer months. 

Biological Methods 
This method involves utilization of natural enemies for the control of certain weeds. This can be achieved 

by direct or indirect action of biological control agents. In direct action, firstly the bio control agent bores 

into plant, weakens its structure which leading to its collapse and consumes as food and destroys the vital 

plant parts. In indirect action the bio control agent reserves the competitive ability of weed over other 

plants and enhances the condition favorable for plant pathogens. 

1. Insects: For bio-control of weeds, the insect selected should specifically attack on the targeted weed 

without harming the other plants. 

S.N. Weed species Bio-agent 

1. Prickly pear cactus Cactoblastis cactorum (Cactus moth) 

Dactylopius tomentosus (Cochineal scale insect) 

2. Water hyacinth Neochetina bruchii 

3. Dodder Melanagromyza cuscutae, Smicronyx cuscutae 

4. Parthenium Zygogramma bicolorata 

Epiblema strenuana 

3. Orobanche sp. Fusarium oxysporium fungus and fly Sipha maidis fly & Aphis table 

insects 

2. Plant pathogens: The active ingredient in a bio-herbicide is a living organism, mostly a microorganism. 

An herbicide made of mycelia fragments or spore of fungi is called mycoherbicide. This technique holds 

promise because reduced quantities of spores are needed, when seedlings are small and emerging. 

Mycoherbicide Fungus used Weed controlled 

De vine Phytophthora palmivora Milk weed vine 

Velgo Colletotrichum coccodes Velvet leaf 

Collego Collectotrichum gleosporioides f.sp. Aeschynomene Northern joint vetch 

Allelopathy 
Inter-weed-competition determined by allelopathy can be manipulated in the natural control of weeds. 

Natural compounds released by some platns inhibit or prevent the grouth of nearby plants. Merigold 

flowering plant is found to suppress the growth of parthenium. Thistle exudation inhibits the growth of 

oats. Wheat, oats & peas suppress the growth of Chenopodium album. The crop residues from alfalfa, 

sunflower, wheat, corn and soybean are toxic to weeds. 

Conclusions 
Effective weed management on organic farms requires extensive planning integrating multiple weed 

control tactics into a single weed management program, optimizing control of a particular weed problem. 

The use of cultural, mechanical, biological and allelopathic methods of weed control is very much essential 

under organic farming. Using non-herbicide approaches in combination with multiple, effective sites of 

action is needed for long-term success. 
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Introduction 
Digital farming is the consistent application of the methods of precision farming and smart farming, 

internal and external networking of the farm and use of web-based data platforms together with big data 

analysis. 

Digi Farming can be done through installation of network connected ‘smart’ devices as part of IoT (Internet 

of Things) or they can be software as a service (SaaS) based agtech. When a hardware transfers data over 

a network they become ‘smart devices’ and become part of the Internet of Things (IoT). 

IoT in agriculture comprises use of sensors, drones, robots and cameras. Sensors, cameras and robots are 

installed on the farms and record the data. Drones can be used as pay per services or can be bought and 

stationed in farms. 

Importance 
The digital revolution in agriculture will allow a step-change in the optimum use of crop nutrition products, 

which help to feed the world and protect the planet. As population grows we need to find a way to produce 

much more food, with less resources in a more sustainable way. As our challenges grow, we need new tools 

to even maintain, let alone improve the way we grow food. We believe Digital Farming is one key answer 

to these challenges. 

Benefits for the Farmer 
Digital disruption can unlock multiple benefits for the farmer. Consequently, the farmer has many more 

opportunities to optimize: 

1. More insights and information to informed decision making. 

2. Granular optimization down to sub-square meter level. 

3. Computer-driven decision support, basing complex decisions on facts and simulation. 

4. Ability to access information. 

A Step-Change in Food Production 
Digital farming gives us the opportunity to realize a step-change in food production: 

1. Higher yield, as inputs are used to their full potential. 

2. Higher quality, as we understand more deeply the complex drivers of quality from for example optimized 

crop nutrition application. 

3. Less waste, as precisely the right amount of fertilizer is applied, tailored to weather, soil, etc. 

4. Higher value, as a result of optimized operations. 

When it comes to large farms, success in derived from four major factors: growing as much per acre of land 

as possible, reducing the risk of failure, minimizing operational costs and selling the crops at the best price. 

This demands effective management of input resources like fertilizer, water and seed quality, and 

minimizing the impact of unpredictable variables (such as weather and pests). 

The skill to be developed here is about translating available data into action. Ultimately, digital agriculture 

is all about ICT and data ecosystems that support the development and delivery of timely, targeted 

information and services to make farming profitable and sustainable while delivering safe, nutritious and 

affordable food of all. 
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Conclusions 
With agriculture and allied sectors on the verge of adopting new technologies such as IoT and Agri-drones, 

which play a very important role in supplying these new technologies to farmers. In summary then, digital 

farming is about precision location, real-time sensing and processes, and the generation of decision quality 

agronomic information across the continuum of the cultivation cycle. It is also about scalability, end-to-end 

processes, and generalized operational delivery to the agricultural community. 
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Introduction 
Drainage means the removal of excess water from a given place. The excess water is due to heavy rainfall 

or over irrigation. This excess water causes waterlogging. Waterlogging may be attributed to excessive use 

of water, Improper selection of irrigation methods, Percolation and seepage from lands canals and reservoir 

located at nearby elevated places, Presence of impervious layer with profile impeding percolation or upward 

rise of water from shallow ground water table or aquifer. Thus, a good drainage system is necessary to 

reduce waterlogging and control soil salinization. 

Characteristics of Good Drainage System 
1. It should be permanent. 

2. It must have adequate capacity to drain the area completely. 

3. There should be minimum interference with cultural operated. 

4. There should be minimum loss of cultivable area. 

5. It should intercept or collect water and remove it quickly within shorter period. 

Methods of Drainage 
Drainage is broadly classified into following categories: 

Surface Drainage 
1. This is designed primarily to remove excess water from the surface of soil profile.   

2. This can be done by developing slope in the land so that excess water drains by gravity. 

3. Slowly permeable clay and shallow soil. 

4. Regions of high intensity rainfall. 

5. Fields where adequate out lets are not available. 

6. The land with less than 1.5-2% slope. 

Random Field Ditch Method 

 

I. Surface drainage  II. Sub-surface drainage 

1. Random field ditch method 1. Tile drainage 

2. Land smoothing / Levelling  2. Mole drainage 

3. Bedding 3. Vertical drainage 

4. Parallel field ditch system 4. Well drainage 

5. Broad bed and furrow method  
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Standing water may be present in the field at several places distributed randomly. These depressions or 

micro ponds are connected by mean of shallow channels or ditches and these are led into an outlet. 

Land Smoothing / Grading 

 
The elevated area is cut off and excess soil is spread over low areas so that the surface is even with uniform 

slope. Excess surface run off is collected and conveyed into the field ditches provided at the lower end of 

the field. 

Bedding 

 
Small furrows known as dead furrows are formed at known intervals parallel to the slope for draining out 

water. Land between these furrows is known as beds. Small ridges or bunds are made at the centre of the 

bed with gradual slope to drain water into the dead furrows. 

Parallel Field Ditch System 

 
It is almost similar to bedding system except for deep drains and uneven interval between drains. It has 

drains laid out parallel to each other. 

Broad Bed and Furrow Method 

 
The field is laid out with beds and wide furrows across the slope. About 0.5 per cent slope is provided for 

the furrows for free drainage. Crops are sown on the beds and furrows help in drainage of water when there 

is excess rain. 

Advantages of Surface Drainage 
1. Provision of surface drainage is cheap. 

2. The defects in the open drainage can be seen easily and rectified. 

3. Effective in low permeability area. 
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Disadvantages in Surface Drainage System 
1. Considerable amount of land is wasted for open drains. 

2. These drains cause hindrance to field preparation and intercultivation. 

3. The drains get silted and periodical desilting is necessary. 

4. Weed growth in the drains is heavy and this has to be removed. 

5. Open drains are damaged by rodents and farm animals. 

Subsurface Drainage 

 
Sub surface drains are underground artificial channels through which excess water is made to flow through 

a suitable outlet. The purpose is to lower the ground water level below the root zone of the crop. Subsurface 

drainage is required under medium textured soil, high value crop, high soil productivity and high-water 

table. 

Tile Drainage 

 
1. Tile drainage was first introduced to the United States in 1838. 

2. Father of tile drainage John Johnston. 

3. Tile drainage got its name from tiles made from fired clay (ceramic), similar to pipes but not necessarily 

in a pipe shape. 

4. Today, however the tile drainage can be any system operating on the same principle, often with plastic 

tubing called "tile line". 

5. Water enters the tile line either via the gaps between tile sections, in the case of older tile designs, or 

through small perforations in modern plastic tile. 

6. In clay soils tile lines are spaced closer together compared to sandy soils as water is held tightly in clay 

soils than in sandy soil. 

Mole Drainage 

 
1. Mole drains are unlined circular earthen channels formed within the soil by a mole plough. 
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2. The mole plough has a long blade like shank to which a cylindical bullet nosed plug (Expander) is 

attached known as mole. As the plough is drawn through the soil the mole forms the cavity to a set depth.   

3. Mole drains are used in heavy soils where a clay subsoil near moling depth (400 to 600 mm) prevents 

downward movement of ground water. 

Vertical Drainage 

 
1. Vertical drainage is the disposal of drainage water through well into porous layers of earth or to outer 

source. 

2. Such a layer must be capable of taking large volume of water rapidly. 

3. Such layers are found in riverbed. 

Well Drainage 

 
1. The wells are used for the drainage of agricultural lands especially in irrigated areas. 

2. One well is sufficient to solve groundwater and soil salinity problems in a few hectares but one usually 

needs a number of wells, because the problems may be widely spread. 

3. The wells may be arranged in a triangular, square or rectangular pattern. 

4. The design of the well field concerns depth, capacity, discharge, and spacing of the wells. 

5. The depth is selected in accordance to aquifer properties. The well filter must be placed in a permeable 

soil layer. 

Advantages of Subsurface Drainage 
1. There is no loss of cultivable land. 

2. No interference for field operation. 

3. Maintenance cost is less. 

4. Effectively drains sub soil and creates better soil environments. 

Disadvantages of Subsurface Drainage 
1. Initial cost is high. 

2. It requires constant attention. 

3. It is effective for soils having low permeability. 

Conclusions 
Drainage ensures that the soil is properly aerated. It is very much necessary to remove excess or standing 

water, which can choke crops under cultivation. Drainage reduces soil and nutrient loss from runoff and 

can help avoid soil erosion. Drainage on hill slopes helps to reduce the risk of soil slippage. Drainage can 

be collected and saved for future use during periods of dry weather. Thus, drainage is very much essential 

in areas under high water table and heavy irrigation. 
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Introduction 
We follow intensive agriculture, which promotes the imbalance use of inorganic fertilizers resulting in huge 

imbalance of macro and micro nutrients in soil causing low soil organic matter and ultimately results to 

poor soil health and decline in crop production. Soil organic is major factor for crop production which obtains 

from organic residue and helps aggregation and structural stability of soil. 

Presently, use of inorganic fertilizers alone in the intensive cropping system creates infertility and 

unfavorable soil physical condition and biological system of soil health. It can be overcome by crop residues 

recycling. In present scenario the aim of the agriculture is to develop farming system that are productive 

and profitable, conserve the natural resource base, protect the environment and enhance health and safety 

in long term perspective. 

What is Crop Residues? 
“The portion of a plant left in the field after harvest of the crop that is not used domestically or sold 

commercially” or “Crop residues are the parts or portion of a plant or crop left in the field after harvest, or 

that part of the crop that is not used domestically or sold commercially or discarded during processing”. 

What is a Crop Residue Recycling? 
Crop residue recycling is an important strategy for sustaining soil health. It involves returning nutrients 

removed by crops to the soil for further use by adding crop residue in soil. Soil flora and fauna play very 

important role in recycling of plant nutrients by decomposition of crop residue. 

Why We Need to Manage Crop Residues? 
Recycling of crop residue helps in converting the surplus farm waste into useful products for meeting 

nutrient requirement of the crop. It is necessary to maintain an acceptable environment free from excessive 

pollution on ground as well as in the air. It helps to conserve ever scare & more costly raw material and 

energy cycle (in situ). In intensive agriculture like rice wheat cropping system, nutrients are heavily 

depleted as rice and wheat are exhaustive feeders of nutrients. A rice wheat sequence that yields about 7 

t/ha of rice and 4 t/ha of wheat removes more than N 300, P 30 and K 300 kg/ha from the soil. 

Importance of Crop Residue Recycling 
A proper crop residue recycling improves the various soil physical properties viz; bulk density, infiltration 

rate, field capacity and hydraulic conductivity. If cop residue is well managed, they also improve the 

chemical properties of soil like organic carbon, pH, EC and available nutrients simultaneously, it has also 

beneficial effect on soil microbial activity. 

Judicious use of crop residues could bring considerable improvement of soil fertility & productivity. Crop 

residues are utilized through proper recycling in soil rather than burning unnecessarily.  Therefore, it is 

essential to regularly monitor the changes in soil health for sustained productivity. 

Methods of Crop Residues Recycling 
1. In situ incorporation. 

2. Crop residue as surface mulch.  

3. Composting from crop residues. 

4. Ex-situ Utilization. 
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Fig: Methods of crop residues recycling. 

These are the different methods of crop residue recycling which can be followed. The details of method are 

as following. 

In Situ Incorporation 
Crop residues are incorporated in soil before sowing of succeeding crop or incorporation of residue in the 

same filed where it is growing. Period available for decomposition of crop residues is important so as to 

insure availability of nutrients. Crop residues having wide C:N ratio decomposes slowly in the soil. 

Decomposition is highly influenced by soil properties, temperature and moisture regime. Ploughing is the 

most efficient method for residue incorporation. 

Crop Residue as Surface Mulch 
Crop residues are speared in the space between two rows of standing crop on the soil surface is known as 

crop residue mulch. Crop residue used as a mulching for conservation agriculture requires a critical level 

of crop residues to maintain or enhance soil chemical, physical and biological properties and prevent land 

degradation. 

Composting from Crop Residues 
Crop residue is good source for making compost. They have high nutrients value, easy decomposable and 

highly available in amount. In situations, disallowing adequate decomposition period for the soil 

incorporated residues; should be managed through composting during the crop season. C:N ratio 30:1 of 

raw material is most favourable for efficient composting. With wide C:N ratio such as in residues of wheat, 

paddy, sorghum, pearl millet, maize, sugarcane trash, stalks of the cotton; microbial activities diminish, as 

they do not get sufficient amount of nitrogen. Consequently, several cycles may be required to degrade 

carbonaceous materials, prolonging the period of composting. If C:N ratio is low i.e., less than 30, the 

proportion of nitrogen is in excess of the requirement of microorganisms, consequently, the process of 

decomposition is faster. 

Ex-Situ Utilization 
Incorporated residue brings from another site or place or not from the same field in which residue will be 

incorporated is known as ex-situ incorporation. In this method, crop residue brings from another field and 

incorporated. 

How Crop Residues Recycling Play Role on Soil Health 
1. From agricultural point of view, the soil health may be referred to as the ability of the soil to produce 

crops in a sustainable manner.  

2. Governed by a number of physical, chemical and biological attributes/ Processes.  

3. Prevalence of one or more unfavorable soil conditions for long periods leads to unsustainability of 

agricultural system. 
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Definition 
It is difficult to precisely define which attributes make a crop "unexploited", but often they display the 

following features: 

1. Linkage with the cultural heritage of their places of origin. 

2. Local and traditional crops whose distribution, biology, cultivation and uses are poorly documented. 

3. Adaptation to specific agroecological niches and marginal land. 

4. Weak or no formal seed supply systems. 

5. Traditional uses in localized areas. 

6. Produced in traditional production systems with little or no external inputs. 

7. Receive little attention from research, extension services, policy and decision makers, donors, technology 

providers and consumers. 

8. May be highly nutritious and/or have medicinal properties or other multiple uses. 

Constraints for the Development of Unexploited  Crops: The Constraints are 
1. Lack of awareness among the farming community about the nutritional and medicinal value of 

underutilized horticultural crops. 

2. Lack of researches. 

3. Lack of desirable seeds and planting material.  

4. Limited application of advance on-farm agrotechniques. 

5. Lack of application of innovative and novel technologies such as biotechnology, plasticulture for 

enhancement of productivity. 

6. Lack of about post-harvest management practices. 

7. Limited and inadequate marketing supports & infrastructure facilities for transportation, storage and 

processing. 

8. Poor recognition of these crops in horticulture promotion programmes.  

9. Improper institutional arrangements and limited role played by financial institutions in setting up of 

agro industrial and horticulture based industrial units. 

Importance 
1. Vegetables as economic source: 

a. Vegetables are important source of cash income for farmers. 

b. Public & private sector supplies seeds to farmers at reasonable prices. 

c. In India only old varieties of vegetables is locally available. 

2. Vegetables as Nutritional and medicinal value: 

a. Essential for balanced diet & good health provide micronutrients & phytochemicals. 

b. Reduce the risk of obesity, diabetes, cardiovascular diseases & cancer. 

c. Correct cooking improve the nutritional value of vegetables. 

3. Vegetable as home garden: Growing organically at home makes vegetables excellent choices. 

4. Vegetable for commercial purpose: 

a. Lend themselves well to small scale and part time farming operation. 

b. For plains serves as off – season vegetable. 

c. Commercial production and marketing requires knowledge. 
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Indigenous and Exotic Crops 

Indigenous crops  Exotic crops 

Amaranth  Artichokes  

Spinach  Asparagus  

Basella (poi)  Broccoli  

Agathi  Brussels Sprouts  

Drumstick Beet root  

Chekurmanis Colored Capsicum 

Elephant foot yam  Cherry Tomato 

Pointed gourd   Celery 

Snapmelon Chinese Cabbage 

Spine gourd  Kale  

Amaranthus (Amaranthus tricolour L.) 
1. Family: Amaranthaceae 

2. Chromosome no: 2n = 32                         

3. Origin: India 

4. Sowing:  Feb – Mar       

5. Optimum temperature: 20-30°C  

6. Spacing: 20×15cm  

7. Variety: Co-1, Co-2, Pusa kirti, Pusa kiran, Arka Suguna, Arka Arunima 

8. Seed rate: 2 kg/ha 

9. Fertilizer: 50:25:20 kg NPK 

10. Yield: 10 t/ha 

11. Composition and Use: 

a. Leaves & Succulent stem contains 305 gm/100gm Fe, 397mg/100gm Ca, 8340µgm/100gm Vit A 

and 99 mg/100 gm Vit C. 

b. It´s A source of key vitamins and minerals – Amaranthus contains calcium, magnesium, 

potassium, phosphorus and iron. 

 

Basella (poi) (B. rubra var-alba) 
1. Family: Basellaceae  

2. Chromosome no: 24  

3. Origin: India  

4. Sowing: Mar-May 

5. Optimum temperature: 25-32°C 

6. Spacing: 45 ×45 cm  

7. Variety: EC769321-1, VRBASELLA -11 

8. Seed rate: 12-15 kg/ha 

9. Fertilizer: 60:40:40 kg/ha NPK 

10. Yield: 40-50 t/ha 
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11. Composition & Use: It is excellent source of calcium (109mg), iron (10mg), Vitamin A (8,000 IU), 

Vitamin C (102 mg) and Folic acid (140µg) per 100 gm of fresh weight. 

 

Spine Gourd / Kakrol (Momordica dioca) 
1. Family: Cucurbitaceae                                                      

2. Chromosome no: 28  

3. Origin: India  

4. Sowing: Jan - Feb  

5. Optimum temperature: 25 – 40 °C 

6. Variety: Indira Kakoda 1, Arka Neelachal Sree, etc 

7. Seed rate: 1-2 kg/ha 

8. Yield: 650 gm/plant 

9. Composition & Use: It is excellent source of calcium (33 mg), Protein (3.1 gm), Carbohydrates (4.2 gm), 

Minerals (1.1 gm) and Iron (4.6) per 100 gm of fresh weight. 

 

Pointed Gourd (Trichosanthus dico) 
1. Family: Cucurbitaceae                                              

2. Chromosome no: 22 

3. Origin: India  

4. Sowing: Feb-Mar 

5. Seed rate: 250-300 gm/ha 

6. Optimum Temperature: 30-35°C 

7. Spacing: 2×2 m. 

8. Variety: Chess hybrid -1, Chess hybrid -2, Dandali, Hilli, Konkan Haritha, Swarna Rekha, Swarna 

Alaukik 

9. Fertilizer: 90:60:40 kg/ha  

10. Yield: 70-90 q/ha 

11. Composition & Use: It is a rich source of vitamin A (153µg/100 gm), Ca & nutrients like Mg, K, P, Cl. 
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Definition 
In today’s world, one of the most important issue is on the source of food leading to veganism. Vegetarians 

eat food from the plant kingdom avoiding meat and fish but consumes egg and dairy products. Here the 

actual ‘VEGANS’ are the most extreme type of vegetarians eating only plant foods and no animal products 

whatsoever. Thus, by eliminating such type of foods on one’s normal lifestyle tends them to take not only 

alternative such as TVP instead of traditional meat but also replaces dairy based foods by pure plant origin 

like soy milk, oat milk, coconut milk and other plant-based milk. Thus, the veganism eliminates food of 

animal source and promotes only plant source for many reasons such as animal welfare, Human health 

concern and Environmental perspective. Humans are taxonomically omnivorous and they became well 

adapted to mixed diet. Generally, in developing countries like India, many farmers depend on animal 

husbandry for their livelihood and the country mainly relying on farmers for the supply of milk, meat, eggs 

and other by-products. The agricultural sector is the segment of an economy not only involved in the 

cultivation of plants but also the rearing of livestock and fish for economic and domestic consumption 

purposes. Thus, animal husbandry plays an important role in the rural economy. 

Human Health Concern 
In country like India, malnutrition is a major concern among the children there are more than one million 

malnutrition cases per year. On such cases where it is even difficult to attain nutrition from wide source, 

strict diet plans from plant source food are less practical on a country suffering from poverty and economic 

stagnation. In 1995 Indian government designed a scheme ‘Mid-day meal scheme', a free lunch program to 

ensure better nutritional standing among the school age children of primary and upper primary classes in 

government and government aided educational centres nationwide. The meal contains chicken egg as a 

part of it, which shows the importance of animal source food. During the period of 1962-1963, Tamil nadu 

chief minister K. Kamaraj introduced it in Chennai and later extended too nationwide. M. G. 

Ramachandran, one of the successors of Kamaraj upraised it concerning the nutritional deficiencies.  

Plant proteins are so called incomplete protein source as it shows varying range of Essential amino acids 

on different plant foods. Plant proteins are lower in a group of amino acids known as Branched amino acid. 

So, it is necessary to make diet plan into a perfect combination of plant source food. For example, beans are 

great source of Amino Acid Lysine but low in Methionine. On the other hand, rice is low in Lysine but a 

great source of Methionine. These combination of plant proteins will provide a complete Essential Amino 

Acid. But protein obtained from animal sources such as meat, egg, milk is the actual complete protein as 

they provide all the nine Essential Amino Acid necessary for human diet. Being a complete protein source, 

animal-based foods are strictly controlled in the diet of people suffering from obesity, cholesterol, cardial 

diseases, diabetics as it contains many unhealthy components such as Saturated fat, Cholesterol and high 

level of sodium content. Unlike this, plant-based foods are free from cholesterol and other risk factors. Also 

plant based foods are considered to be much healthier as it has high fibre content. Increasing public health 

awareness on various aspects such as the level of antibiotics above the recommended levels by standards 

decreases the consumer preferences over factory farming animals and animal-based food products and 

tends to increase the demand on organic and grass-fed animals. Also, on consumer point of view, it is 

difficult to ensure whether the vegan food available in market are ‘Gluten free’ and ‘non-GMO’. Further 

various processing involved in the plant-based meat alternative to meet such palatability cause excessive 

calorie intake and weight gain. 

When the discussion comes to digestion, both the food sources show its own supremacy. Meat protein are 

difficult to digest as it consists of protein dense animal muscle and it requires more chewing, more acid 
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secretion by stomach parietal cells and more active enzyme secretion by pancreas. On the other side, foods 

from plant origin are generally harder to digest, absorbed more slowly by the body leads to bloating. This 

is mainly due to the cellulose content along with chitin present in the cell wall component on its chemical 

structure are different from the starch makes it difficult to digest by amylase enzyme and other digestive 

enzymes. Further to increase digestibility, it is recommended to take probiotics such as Yogurt, Kefir which 

are animal origin (dairy products). Even when veganism practiced by the people from developing countries 

like India especially children, pregnant women, lactating women and athletic person will suffer a lot to 

manage and follow such diet plans to obtain nutritional needs only from plant sources by eliminating easily 

available animal-based foods such as meat and dairy products. 

Animal Welfare 
Oftentimes, the justification of plant food as the far more suitable for human consumption by pointing out 

the animal cruelty for human consumption. The factory farming animals are subjected to severe injuries 

and overcrowding because of improper handling during the transportation and resting on lairage not only 

affects the quality of meat but also considered as inhuman by the veganism fosters. These kinds of claims 

are not just left as cliffhangers. There are several basic requirements and conditions framed to be followed 

during the transportation of animals from the farm to the slaughter house ensuring the welfare of each 

and every animal. Restrictions such as the unhealthy animals, female animals in advanced stage of 

pregnancy and young ones should be transported with proper protection. To make sure proper humane 

treatment by avoiding animals from being bound, chained and to ensure enough space for the animal to 

stand or lay during transportation and resting. The animal should not be fed heavily to avoid vomiting 

during the transportation. Also, the transporting vehicle should provide safe, clean and comfortable 

environment during transportation. Ethical concerns arise on the slaughtering stage of animals. In order 

to avoid this anxiety, modern technologies and practices have been properly followed like stunning 

(insensibilisation) and sticking (Exsanguination) to avoid animal from suffering during killing.  So, it is 

mandatory to ensure all these requirements to evade from the unwanted issues. Also, when questions like 

why humans kill animals just for food can only be answered morally and ethically for each individual 

according to their own religious, political, economic circumstances on such cases here. There can be ‘NO 

POINT' on explaining a nice way of killing the animal. 

Environmental Concern 
It is a proven fact that the livestock alone contributes both directly and indirectly to climate changes 

through the emission of GHGs to a great extent. If people think terribleness of cattle on environment not 

only turns them into vegan, pescatarian but also increase the demand for the production of meat 

alternatives such as textured vegetable protein. The destruction of top soil while multiple time cultivation 

of peas and beans as the source for plant-based meat analogue and also while land conversion will adversely 

lead to greenhouse gas emission. The usage of crops for the cattle feed production and high requirements 

of water, land makes it unsustainable. Not only the animal husbandry utilizes plant sources but also 

agricultural lands facing soil degradation requires animal waste as organic compost for the restoration of 

drained agricultural land. It is often assumed that lack of food for the poor and hungry could be remedied 

by reducing cattle feed production. In reality the relationship between feed demand and food security is 

complex, involving both physical and economic dimensions. The protein contained in animal products are 

in higher quality for human nutrition than those in the feed provided to the animals. Also, it is important 

to remember that hunger and food insecurity are in most cases, not a supply problem but a demand problem 

caused by lack of purchasing power. However, while livestock may not directly take food from those who 

currently go hungry. The livestock factor is central to food security, not only for rural smallholders who 

rely on it for food, income and services but also for urban consumers who benefit from consuming affordable 

high-quality animal-based food. Livestock plays an important role in main dimensions of food security: 

availability, access, stability and utilization. Many researchers found that 86% of the global livestock feed 

intake is made of materials not edible to humans and it requires less cereals than usually reported. 

Meat Alternatives 
In current era, Textured vegetable protein is being the common option available as a meat alternative in 

addition to tofu and tempeh which are all soy-based meat substitute contributing greenhouse effect. 
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Moreover, soy protein has large amount of phytic acid, which has the potential to block the absorption of 

essential minerals such as calcium, magnesium, copper, iron, zinc. Soy allergy could also lead to itching 

and hives in humans and side effects such as bloating, diarrhea, nausea and abdominal pain. Doctors 

suggest women with oestrogen sensitive breast tumours to limit their soy intake due to its weak hormonal 

effects. Impossible foods such as impossible burger and beyond meat have recently gaining attention by 

creating meat analogue that stimulates the cooking properties, juiciness and even also the bleeding of 

ground beef as well as its taste and aroma. It contains heme which taste like blood and it is produced on 

fermentation tanks with standard yeast strain. Even though it is appreciable to produce red heme on such 

a way instead of harvesting soy roots, it also requires larger amount of textured wheat protein, potato 

protein along with coconut oil and it brings saturated fat content which is being one of the reasons for 

people turning into vegan. Some of the beyond meat can be heavy in food colourings, textural additives and 

are high in sodium. Meat alternatives (Quorn) made with mycoprotein (SCP) derived from fungus Fusarium 

venenatum has been criticized for being highly processed, for its allergic reaction and digestive problems 

in some people. The use of algae as meat substitute is in trend and it can be produced only on land locations 

with large amount of water availability i.e., Coastal locations or algae park on sea side. Its nutritional value 

varies depending on the growth condition and location. It has low digestibility in raw and unprocessed 

state. Also, the harvested algae may have high chances of contamination with heavy metals. Edible insects 

are the most eco-friendly source of protein and other nutrients but it has certain health issues such as less 

protein digestability due to chitin content, allergic possibility, chances of contamination with pesticides, 

toxins or pathogens. Thus, each and every alternative for traditional meat has its own pros and cons. One 

should be aware of meat alternative’s downside before getting against all odds of traditional type meat 

(being in practice from ancient times). 

Cultured Meat - Promising Novel Technology 
Most of the people are being obscure on taking sides as an evidence of dispute between different food 

sources. So, when a need comes for an individual at a push to choose alternatives considerations like 

nutrition, safety, sustainability, fulfilment should be deemed necessarily. Among the other meat 

alternatives, cultured meat will have the closest resemblance of conventionally produced meat. Cultured 

meat is produced by culturing animal muscle tissue with a few cells in a laboratory without growing the 

whole animals, in simple it is an actual type of meat comes without the need of butcher’s knife. It is an in-

vitro culturing which means to grow cells of animal origin into muscle meat without the organism from 

which it is derived. It involves the extraction of cells from the organism and transferring them into a 

suitable growth medium. 

This medium contains nutrients, energy sources, growth factors etc, depending on the goal of the cell 

culture. The idea of cultured meat for human consumption is not new but was predicted long back by 

Winston Churchill in the 1920s. In sources like “Fifty years hence”, He mentioned that we shall escape the 

absurdity of growing a whole chicken in order to eat the breast or wing by means of cultured meat. By 

manipulating the composition of the culture medium, the flavour and fatty acid composition of the culture 

medium, the flavour and fatty acid composition of the cultured meat can be influenced along with the option 

of controlling fat content and other nutrients are also possible in artificial meat (cultured meat). The 

incidence of food borne disease, chance of meat contamination can be rectified completely on lab grown 

meat (cultured meat), which makes cultured meat superior on health aspects in comparison with not only 

meat from slaughterhouse but also from other meat analogues. 

These unlike form animals, in vitro meat is produced in bioreactors, that provides a suitable physiological 

environment which can be stacked up in a fabric hall. It uses land area lesser than a square meter for the 

production of one kilogram of protein, the amount of nutrients and energy was assumed that 2kg of wheat 

or corn was only needed for production of 1kg of cultured meat also the water source used directly and 

indirectly in the production process are relatively less when compared to conventionally produced meat and 

pulses. The electricity/fuel requirements for heating and pumping are considered to be the only major 

energy source for producing in-vitro meat. The need for on-site cleaning, sterilization of substrate and 

system in the large-scale reactors are also highly expensive. The greenhouse gas emission is bottommost 

than any other livestock production. Being Nascent technology, it has high production cost. The depletion 

of environmental sources is comparatively less. Singapore is the first country to grant. 
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Comparison of environmental impacts of cultured meat with livestock meat 

Conclusion 
Meat alternatives are being recommended for the benefit of environment and humankind. Among the meat 

alternatives, cultured meat would be implied for its virtues in health and environmental concerns. It is 

anticipated during the next 40 years global meat consumption will double with 50% increase in global 

population and if no actions are taken, it will be accompanied with an almost doubling of greenhouse gas 

emission. Hopefully cultured meat technology seems like an abiding solution for such hard issues. On the 

account of less reliability of other meat alternatives it is necessary to overthrow yuck factor, neo factor, 

aversion and fear in the acceptance on artificial meat. Cut the crap, apart from ethical concerns it is 

necessary to meet the increasing demand of meat alternative. Lab grown meat (Cultured meat) would be 

the best choice to make in light of animal welfare, health and environmental concern without devoting the 

fulfilment attained on traditional meat. 
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Summary 
MicroProteins (miPs) are naturally occurring small sized proteins that play a vital role in post-translational 

regulation. They usually consist of a single domain that promotes protein-protein interactions. At the 

molecular level, miPs function by disrupting the formation of functional protein dimers and form non-

functional homo/heterodimeric complexes with the protein complexes. Since they act as dominant 

regulators, miPs are known to have high potential for biotechnological use. Over the years, several 

MicroProteins have been identified in plants and animals which strongly affect their biological and 

physiological processes. 

Introduction 
Regulation at post-transcriptional and post-translational levels constitutes the most important layers of 

gene regulation in any organism. Since the beginning of molecular biology era, various tools have been 

identified which regulate the post transcriptional aspects while largely ignoring the post translational part. 

Even the modern-day cutting-edge technologies like CRISPR-Cas9 and ZFN, collectively known as New 

Breeding Techniques, are used for site-specific genome modifications covering the DNA and RNA part, 

leaving behind the proteins. Moreover, the major disadvantage of these genome-engineering technologies 

are their off-target effects and the complete loss of gene function, which could be detrimental or even lethal 

to the organism. Hence, a targeted post translational modification for the regulation of traits is the need of 

the hour to overcome these problems by precisely fine-tuning protein activity without altering overall plant 

structure and metabolism. Recently, scientists have identified one such naturally occurring regulator of 

post translational modifications known as “microProteins”.  

What are MicroProteins? 
MicroProteins (miPs) are a class of small sized proteins (7-17 kDa) encoded from small open reading frames 

with less than a hundred codons and have a single protein-protein interaction domain. They disrupt the 

formation of homodimeric, heterodimeric or multimeric functional complexes of the target protein by 

forming non-functional homo/heterodimers with them and hence are said to regulate in a dominant 

negative manner, which is analogous to miRNAs. Hence, miPs can either completely inactivate their target 

proteins by forming non-functional heterodimers or alter their biological activity by engaging the target 

protein in novel protein complexes. So far, the most reported targets of miPs in plants are transcription 

factors (TF). 

History and Evolution 
The term “microProtein” was first used to describe those small sized proteins with negative regulatory 

function similar to miRNA by Staudt and Wenkel, (2011). The first ever miP identified that is able to 

disrupt a functional TF complex – inhibitor of DNA binding (Id) – was isolated in mice about two decades 

ago. The first miPs reported in plants were the LITTLE ZIPPER (ZPR) proteins in Arabidopsis thaliana. 

MicroProteins are said to have evolved from larger proteins. The earliest occurrence has been identified in 

the Euphyllophyte clade (ferns and seed plants). Well characterized plant miP families (MIF, ID-like and 

MYB related miPs) arose from a single ancestral protein of their kind and showed no convergent evolution 

among them. Studies also prove that microproteins evolved independently in plants and animals. Eg. Plant 

HLH type & animal Id proteins do not show any sequence similarity, even though both of them belong to 

the HLH family. However, they are said to have resulted from a similar course of events involving gene 
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duplication, mutation, domain degradation and domain loss, leading to the formation of single domain 

proteins that inhibit the role and function of their ancestral proteins. 

Classification 
On the basis of mode of origin, microproteins are classified into two – Trans- microProteins and Cis-

microProteins. MiPs that are evolutionarily generated by domain loss are known as trans-miPs. They are 

paralogous to their targets and arise from genes that have undergone duplication and subsequent 

evolutionary trimming. While, Cis-miPs arise from the existing larger proteins or transcription units which 

is from the same gene as their target proteins through alternative splicing or alternative translation start 

site or alternative polyadenylation. 

Modes of Regulation 
MiPs are described as negative regulators that disrupt the normal functioning of protein complexes during 

physiological changes and this regulation occurs through different modes. 

1. Sequestration: disrupting the formation of functional protein dimers by the formation of non-functional 

homo/heterodimeric complexes. 

2. Repressor formation: binding to a normally functioning protein which is part of a bigger complex and 

attracting chromatin repressor proteins to make it non-functional. 

3. Cytoplasmic retention: binding to the transcription factor in cytoplasm, thereby preventing it from 

entering the nucleus and sequestering it into a subcellular compartment where it will remain inactive. 

4. Ion channel inhibition: miPs like Vpu binds to proteins in transmembrane region to their 

transmembrane domain and inhibit ion channel functioning of these proteins and compromise their 

transport capacity. 

Microproteins in Plants 
The study by Wenkel et. al., (2007) identified a gene family - LITTLE ZIPPER (ZPR), which encodes small 

leucine zipper containing proteins in Arabidopsis thaliana and studied its feedback regulatory module with 

HD-ZIPIII genes. This study was considered a major breakthrough, as it paved way for the discovery of the 

first ever plant microProteins. Later on, another major class of miPs – KNATM - was identified in 

Arabidopsis through a bioinformatics-based approach using the plant MEINOX domain as the search term 

in BLAST. Till date, around 22 plants specific miPs have been identified and most of them are in the model 

plant, Arabidopsis thaliana. 

Studies show that miPs also play an important role in the regulation of physiological processes like 

hormone signaling, flowering time and shade avoidance responses in plants. Hong et. al., (2020) identified 

a microProtein – LNJ, which is said to be a dominant regulator of jasmonic acid (JA) signaling. In 

Arabidopsis, flowering time is regulated by a miP complex – miP1a/b, which interacts with the target 

protein, CO and forms a trimeric repressor complex with TPL proteins. Similarly, the bHLH PIF 

transcription factors which acts downstream from photoreceptor systems are known to be positive 

regulators of shade avoidance responses in plants. 

MicroProteins in Human Diseases 
MicroProteins also play a major role in human disease management. Recent studies show that miPs could 

be used to point to new therapeutic targets for diverse human diseases. Researchers have identified a 

microprotein called PIGBOS, found in the mitochondria, which plays a key role in mitigating cellular stress 

and this can be considered as an advance that may lead to better understanding of disease conditions like 

cancer and neurodegeneration. 

Synthetic MicroProteins 
Synthetic microProteins have abundant biotechnological relevance in the present era. The main purpose is 

to create a single functional domain of a multi-domain protein that is capable of interacting with its targets 

and is expressed in a controlled manner to obtain the desired effects. Eguen et. al., (2020) successfully 

controlled flowering in rice through a synthetic miP (Hd1miP). 
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Conclusion 
MicroProteins are potential modulators of biological processes by fine-tuning protein activity. Most of the 

so far identified miPs are characterized as negative regulators of their targets. Synthetic microProtein 

approach present itself as a useful tool in targeting and inhibiting proteins in a more specific manner with 

reduced likelihood of off‐target effects. Even though, most of the known miPs regulate TFs, miPFinder and 

synthetic miP approaches reveal that miPs are capable of altering the functions of a wider range of multi 

domain proteins. Hence miP research in the future should be concentrated on identifying novel 

microProteins existing in plants and exploiting them for further crop improvement. 
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Introduction 
COVID-19 is a viral infectious disease caused by evolved/mutated corona virus which was known after its 

outbreak in Wuhan, China, December 2019. It was announced as pandemic by WHO affecting 213 countries 

worldwide. India has a rich biological wealth with more than 1700 species of plants. Ethno-botanic plants 

and its products are used in various traditional health medicines and also in diet. In a state of affairs of 

pandemic, healthy diet with recipes containing ingredients promoting anti-viral property and immune 

strengthening effect may be considered as a barrier to become a victim for corona virus pandemic disease. 

Anti-Viral and Immuno Strengthening Effects of Foods 
Milk and Milk Products: The primary function of milk is to keep the new born mammal healthy. Milk is 

the only food given to the new born owing to the immunomodulatory, anti-viral, anti-bacterial and 

bacteriostatic properties of milk proteins casein, whey and others. Strong inhibitory action of bovine 

rotovirus and corona virus was observed in raw bovine milk when it was contaminated with the viruses 

while heat treated milk recovered the virus to 30 to 80 percent. Partially the viral resistance of bovine milk 

was possibly due to the natural antitrypsin (α 1 antitrypsin & α 2 macroglobulin) action in milk. Milk and 

its substituent compounds exhibiting anti-viral functions specific to enveloped viruses like hepatitis C, B 

& G, herpes simplex, HIV, influenza, acute human respiratory syndrome corona virus and respiratory 

syncytial virus were tabulated in a study. 

Turmeric (Curcuma longa): Turmeric is used since ancient times in diet by Indians. It by directly 

interfering in viral replication plays eminent role in inhibition of several virus infections in addition to its 

anti-inflammatory, anti-tumour and anti-oxidant roles. Also, curcumin when studied in vitro and in vivo 

against influenza A virus (IAV), an enveloped virus showed promising anti-viral activity against IAV by 

direct inhibition of IAV proliferation, blockage of virus absorption by cells and inactivation of the virus. 

Curcumin abio-active component of turmeric showed immune modulatory effects with regard to dendritic 

cells, T-cells and cytokines and it was favourable by modulating immune balance in systemic lupus 

erythematosus (SLE) condition which is an auto-immune disease. Apart from anti-viral and immune 

modulatory effects turmeric possess anti-inflammatory, antioxidant, anti-carcinogenic, anti-mutagenic, 

anticoagulant, hypotensive and hypocholesteremic effects. 

Ginger (Zingiber officinale): Ginger has been studied for its antibacterial, antifungal, and antiviral 

activities. It is used to warm the body to promoting blood circulation and decrease high blood pressure by 

possibly promoting vascular dilation. Its warming effect makes it a potent antiviral for the treatment of 

common cold and flu. Anti-viral effect of ginger suppresses the plaque formation induced by human 

respiratory syncytial virus in the respiratory tract by inhibiting the viral replication, blocking the viral 

attachment and internalization. The ginger extract stimulated the production of TNF-alpha expression of 

the immune system. Ginger was supplemented to the patient with the hepatitis C virus in Egypt; it resulted 

in lowering α-fetoprotein level and both liver enzymatic markers including aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT). 

Garlic (Allium sativum): Garlic has been one of the most popular herbal remedies since ancient times. 

It along with or without honey is believed to have immune strengthening effect. The anti-viral, anti-

hypertensive, hypocholesterolemic, antithrombotic, and also anti-hyperglycaemic activities might be 
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possibly due to the bioactive compounds (sulphur-containing) namely, sulfoxide, peptides, proteins and 

polyphenols. Several studies have reported notable and interesting advantageous effects of garlic on 

immunity. 

Citrus fruits: The important citrus fruit crops such as oranges, lemons, pomelos, and limes are rich in 

vitamin C. According to health experts, citrus fruits are immense immune boosters (as they are rich in 

vitamin C) as they aid in increase ofthe production of white blood cells. They also exhibit other beneficial 

effects like antioxidant, anti-tumour, cardio-protective and neuro-protective effect with significant 

potential to boost immune in the body. They possess flavanoids that has neutraceutical properties that aids 

to fight against infection. Thus, vitamin C in citrus fruits helps in boosting a healthy metabolism and 

immunity. It also helps in preventing the seasonal cold, cough, flu, bacteria and virus attacks to an extent. 

Cinnamon (Cinnamomum verum): Cinnamon is a spice used in diet since ancient times prioritizing its 

medicinal properties. The anti-oxidant property exhibited by cinnamon supports in managing the oxidative 

stress that occurs during viral infection in humans. This anti-oxidant property is possibly due to the 

polyphenols present. It was reported that the anti-inflammatory activity exhibited by cinnamon prevents 

the tissues from inflammatory damage. It inhibits the growth of bacteria, virus and some drug resistant 

fungi.  

Conclusion 
This article focused on foods which are capable of combating the various enveloped virus such as HIV and 

SARS and virus affecting respiratory system as COVID 19 is also an enveloped viral particle tremendously 

affecting the bronchioles. The reviewed foods may possibly strengthen our immune system which in turn 

will help to fight against the viruses including corona virus in our body. Nutritional supplement with these 

properties is necessary to effectively counter viral illness and their ill effects. 
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Introduction 
The steady increase in population growth, food demand and the continuous reduction in cultivated land 

per capita induce steady intensification of fertilizer application worldwide. Nitrogen use efficiency is 

generally less than 50 per cent and phosphorous use efficiency 10-30 per cent with application of urea and 

single super phosphate. The conventional fertilizer losses depend upon most of the processes that nutrients 

undergo in soil include transformations induced by microbes (N fixation, nitrification, denitrification and 

immobilization etc.) and physical processes (Leaching and Volatilization). Due to fast nutrient supply from 

conventional soluble fertilizers, the root zone gets saturated with high concentration of soluble salts (Ye et. 

al., 2013). This sometimes induces physiological drought and causes specific injuries at different growth 

stages. Whereas, Slow-release fertilizers (SRFs) helps in releasing the nutrients at more gradual rate and 

also minimizes the losses due to physical process. Use of SRFs improves the germination, crop growth and 

quality together with reduced disease infestation, leaf burns and stem breakage (Maharjan et. al., 2016). 

 

What are Slow-Release Fertilizers? 
Slow-release fertilizers are the fertilizers that release a small, steady amount of nutrients over a course of 

time. These can be natural, organic fertilizers that add nutrients to the soil by naturally breaking down 

and decomposing. It is fertilizer coated with plastic resin or sulfur-based polymers which slowly break down 

from water, heat, sunlight and/or soil microbes. Quick releasing fertilizers can be over applied or improperly 

diluted, which can result in the burning of plants. They can also be quickly leached out of the soil by regular 

rain or watering. Using slow-release fertilizers eliminates the risk of fertilizer burn and also enhances the 

availability of nutrients throughout the crop growing period. 

Nutrient management through use of slow-release fertilizers of macro and micro nutrient is viable tool in 

improving fertilizer use efficiency of applied fertilizers through regulated supply/release of nutrients and 

synchronizes the crop demand.  

Slow-Release Fertilizers are Available in the Market as 
1. Slow-release N-fertilizers. 

2. Slow-release P-fertilizers. 

3. Slow-release K-fertilizers. 

4. Polymeric-coated multi-nutrient fertilizers. 

5. Slow-release micronutrient fertilizers. 

Importance of Slow-Release Fertilizers 
1. Reduces toxicity. 
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2. Minimizes possible losses of nutrients. 

3. Decrease risk of environmental pollution. 

4. Plants are able to utilize most of available nutrients throughout the crop growing period. 

5. Lower salt index. 

6. Formulation allows fertilizer to slowly dissolve or release into the soil solution surrounding roots. 

7. Nutrient release is dependent on microbial decomposition or physical and/or chemical processes in 

combination with microbial activity. 

Conclusion 
Application of slow-release chemical fertilizers improves the yield, quality, nutrient uptake, nutrient 

availability and fertilizer use efficiency as well as minimize nutrient losses in different crops. Slow-release 

chemical fertilizers not only improve the crop yields and farmer profits but also have the positive 

implications on possible environment footprint of fertilizer use. 
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Introduction 
Rice (Oryza sativa L.) is the most vital staple food crop in Asia and human consumption accounts for 85% 

of total production of rice and it ought to have a special status among cereals as world’s most important 

crop (FAO, 2010). Traditional rice cultivation demands high investments in water, labour, pre-crop 

preparation, and fertilizers as well. However, despite these investments, farmers don’t get the expected 

returns. This is because factors including water inefficiency, lower crop yield, and reduced crop-quality 

affect their profits, and they keep incurring financial losses every year. The future of rice production which 

consumes a lion’s share of water (85%) used in irrigated agriculture will therefore depend heavily on 

developing and adopting technologies and practices which will use less water with highest use efficiency. 

Considering the existing and futuristic scarcity of water, the growing food demands, expensive land 

preparation, wastage of water through flooding, and the inefficiency of conventional techniques reducing 

land fertility and restricting crop choice in crop rotation, Indian farmers must shift from flood irrigation to 

drip irrigation. Drip irrigation coming strongly as effective system for irrigating the paddy crop with more 

efficient in water use as well as more environment friendly in operation and management. With Micro-

irrigation system we can move towards ―more crop per drop (Soman, 2012). 

 
Fig: Drip irrigation in rice 

Cultivation of Rice through Drip irrigation to Maximize Yields 
1. Grow More in Less Water: Drip irrigation reduces water use through a precise water supply to the 

crop. To produce one kilo of rice, conventionally it requires 5000 liters of water but you need only 1500-

1600 liters of water through drip irrigation system. On a large scale, you achieve a higher crop yield in 

lesser water.                                                    

2. Transfer to High-Income Crops: Drip irrigation allows you to choose any desired close spacing crop 

after rice in crop rotation. There is a chance to shift from low-income crops to high-income ones after 

cultivating rice. 

3. Rise High-Quality Marketable Rice Crop: In paddy farming, rice roots remain submerged. They 

consume heavy metals and increase the arsenic in the crop, thereby reducing the crop's market value. 

However, in drip irrigation, it helps reduce the arsenic uptake by around 90%, and further results in the 

growth of a high-quality and marketable crop. 

4. Higher Profit: With drip irrigation, there is a possibility to reduce labor costs, achieve water efficiency, 

increase crop yield and improve crop quality. All of these factors will lead to reduce cost of cultivation and 

increase profits. 

5. Eco-Friendly: Paddy cultivation produces around 10% of methane gas emissions globally. But, even if 

only 10% of paddy rice cultivators shift to drip irrigation, the world will be able to reduce methane emissions 

which are equivalent to those of a staggering 40 million cars.  
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Conclusion 
Hence, Drip irrigation is facilitating continuous availability of water to the plant roots vicinity and thus 

plant always be growing with optimum soil moisture and proper aeration in soil resulted in higher root 

growth and grain yield. 
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Introduction 
The keto-diet which is also known as the Ketogenic diet is a specific type of diet in which low carbohydrates 

are taken but the content of fats and proteins is kept high in food. So the body’s weight is reduced with 

high fats. This way of dieting has also been in process for several years and it increases the biochemical 

effect of fasting. As the intake of carbohydrates is reduced so the body is forced to switch to fatty acid 

oxidation. So ketogenesis occurs in the body and a sufficient number of calories are left in our body for 

normal daily activity. As it stimulates oxidation and ketogenesis so due to its benefits now it is also used 

to treat different disorders such as refractory epilepsy, Parkinson’s diseases, Alzheimer’s disease, traumatic 

brain injury, and amyotrophic lateral sclerosis. Although there are more benefits of Ketogenic-diet a 

decrease in bone density is marked side effect of Ketogenic-diet which then leads to osteoporosis. As in this 

type of dieting, calories are restricted so it also gives benefit by reducing the risk of different diseases. The 

intake of low carbohydrate-containing food changes the body’s metabolism thus initiating fatty acid 

oxidation. So, it also increases the life span of the person. 

Effect of a Ketogenic Diet on Our Body 
The ketogenic diet includes adherence to an exceptionally low-carb, high-fat diet to place the body 

throughout a stable condition called ketosis. It helps the body more effective in burning calories. The 

ketogenic-diet would certainly result in a decrease of libido as you continue the diet because the body would 

suffer signs of carb withdrawals including probably keto-flu. Many individuals do learn of keto influenza, 

which might trigger anytime to start a diet. This is the product of the body transitioning to the low-carbon 

environment. Decreasing carbohydrate consumption causes the body to use ketones for nutrition rather 

than glucose. If the organism is now in ketosis—the absorption of fat rather than glucose—the ketogenic 

diet works. As a result of these neuroprotective properties, concerns were raised regarding the current 

potential advantages of several other brain diseases including Alzheimer’s, Parkinson’s disease, sclerosis, 

sleep problems, or even cancer. Nonetheless, there have been no medical trials to justify the use of ketosis 

to address such disorders. Weight reduction is the main explanation that patients are using a ketogenic-

diet. Recent research provides strong evidence of a greater weight loss in people on a ketogenic or extremely 

low caloric intake relative to those on a somewhat more conventional reduced-fat diet or Caribbean diet. 

Nevertheless, the disparity in losing weight tends to vanish over the period. Ketogenic diets also have been 

found to boost the regulation of blood glucose in people with form type 2diabetes, at least initially. There is 

a much more controversial impact on levels of cholesterol. Many tests indicate that certain people have 

elevated levels of cholesterol at the onset, only to find that cholesterol drop a few weeks later. Moreover, 

there is no long-term work to examine the impact on diabetes including hypothyroidism over the period.  

Ketogenic-Diet in Reducing the Weight of Our Body 
There is solid evidence of whether ketogenic-diets are quite successful at losing weight. It will make lose 

weight, maintain muscle mass, and boost other disease indications. The minimum-carb diet produced 3x 

additional losing weight throughout 6 weeks. 

Ketogenic-diets encourage weight loss: 

1. Higher protein consumption: certain ketogenic diets contribute to improved protein intake, which has 

multiple losing weight advantages.  

2. Removal of carbs: restricting your starch consumption always reduces your dietary choices. It will greatly 

decrease calorie consumption, which is the secret to weight loss.  

3. Gluconeogenesis: the system transforms fat as well as proteins into food carbohydrates. The cycle will 

consume a lot of extra calories every day. 
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4. Suppressive craving: ketogenic-diets make you feel complete. It is accompanied by major changes in 

starvation hormones, namely ghrelin (hunger hormone), and leptin. 

5. Increased insulin tolerance: ketogenic-diets can significantly increase insulin resistance, which can 

greatly improve fuel consumption as well as metabolites. 

6. Reduced-fat maintenance: some research shows that ketogenic-diets can minimize fatty acid oxidation, 

the process of changing glucose to lipid.  

7. Improved fat incinerating: ketogenic-diets easily increase the number of fats that consume during rest, 

everyday life & workout. 

Benefits of Keto Diet 
1. Weight losses: Instead of satiety after eating.  

2. Reduce Cardiovascular Diseases.  

3. Improved Fat burning process: Burn Fat throughout the day as it is the only primary source for fuel.  

4. Reduce inflammation and pain: By reducing Reactive Oxygen Species (ROS) produced on Keto 

inflammation will reduce.  

5. Improve high-density lipoprotein (HDL), or “good”, cholesterol without adding to low-density lipoprotein 

(LDL), or “bad” cholesterol. 

6. Improve Type -2 Diabetes: Reduction in Blood Glucose and insulin level helps those with Type-2 Diabetes 

become less insulin resistant. 

7. Reduce Cancer risk: Keto diet creates less ROS than normal diet. And ROS have linked to cancer. When 

body gets no Glucose, cancer cells cannot thrive and are weakened. Therefore, Keto Diet is good with 

Chemotherapy treatments. 

8. Boost Brain Functions.  

9. Reduce Appetite: High fat and moderate Protein diet makes you feel full for more time. 

10. Boost Immunity: According to a study done on mice, Keto diet seems to boost immune cells, which may 

be responsible for protecting and u or viruses. 

11. Improve skin: allowing good Fats like Butter, Ghee, Coconut oil, Cheese etc. makes your skin glow and 

provide natural moisturizers. 

12. Acidity Problems: Keto being carb no sugar diet, it boycotts the main cause of acidity by improving liver, 

gallbladder, sleep, stress.  

13. Alzheimer's disease: This diet may reduce symptoms of Alzheimer's disease and slow its progression.  

14. Parkinson’s diseases. 

15. Many more restrict aging effects, improve liver health, control mood swings, improve sleep disorder, 

reduce Stress. 

Adverse Effects of Keto Diet 
There are very few side effects of Keto Diet. Which are called “Keto Flu” But it is temporary for the initial 

Ketosis days.  

1. Stomach upset/ Diarrhoea. 

2. Constipation.  

3. Nausea. 

4. Bad Breath. 

5. Frequent urination. 

6. Muscle Cramps. 

7. Sugar cravings.  

8. Flu-Like symptoms. 

Recommendation 
Ketogenic diet is the most effective way to enter ketosis. Generally, this involves limiting carb consumption 

to around 20 to 50 grams per day and filling up on fats, such as meat, fish, eggs, nuts, and healthy oils. It’s 

also important to moderate your protein consumption. Taking into account the advantages as well as 

drawbacks, people who have kidney failure (such as those with type 2 diabetes) and persons with or at risk 

of cardiovascular disease including breast-feeding or pregnant women do not pursue ketogenic-diet. 
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Conclusion 
The ketogenic diet can be an effective therapeutic diet. Keto Diet is mainly used for weight loss. It is not 

only about cutting fat and loses weight. However, it is more about to improve overall health. But, 

implementing the diet incorrectly can have serious health consequences and may not be the best choice for 

achieving and maintaining general health. It takes the body a minimum of two weeks and often four or 

more to adjust to the drastic reduction in carbohydrates. 

References 
1. Bansal, A., Rashid, C., Xin, F., Li, C., et al., (2017) Sex- and Dose-Specific Effects of Maternal Bisphenol A Exposure on 

Pancreatic Islets of First- and Second-Generation Adult Mice Offspring. Environmental Health Perspectives, 125, Article ID: 

097022. https://doi.org/10.1289/EHP1674 

2. Ding, J., Xu, X., Wu, X., Huang, Z., et al., (2019) Bone Loss and Biomechanical Reduction of Appendicular and Axial Bones 

under the Ketogenic Diet in Rats. Experimental and Therapeutic Medicine, 17, 2503-2510.  

https://doi.org/10.3892/etm.2019.7241  

3. Franceschi S, Favero A, Decarli A, et al., (1996) Intake of macronutrients and risk of breast cancer. Lancet; 347:1351–6. 

[PubMed] [Google Scholar] 

4. Fukao T1, Lopaschuk G.D, Mitchell G.A. (2004) Prostaglandins Leukot Essent Fatty Acids. Mar; 70(3):243-51. Pathways and 

control of ketone body metabolism: on the fringe of lipid biochemistry.  

5. Goldberg, E.L., Shchukina, I., Asher, J.L., et al., (2020) Ketogenesis Activates Metabolically Protective γδ T Cells in Visceral 

Adipose Tissue. Nature Metabolism, 2, 50-61.  https://doi.org/10.1038/s42255-019-0160-6 

6. Hession M1, Rolland C, Kulkarni U, et al., (2009) Systematic review of randomized controlled trials of low-carbohydrate vs. 

low fat/low-calorie diets in the management of obesity and its comorbidities. Obes Rev Jan; 10(1):36-50. Doi: 10.1111/j.1467-

789X.2008.00518.x. E Pub 2008 Aug 11 

7. Innosa, D., Ianni, A., Palazzo, F., et al., (2019) High Temperature and Heating Effect on the Oxidative Stability of Dietary 

Cholesterol in Different Real Food Systems Arising from Eggs. European Food Research and Technology, 245, 1533-1538.  

https://doi.org/10.1007/s00217-019-03266-4 

8. Jr1, Foy M, Chalecki A.M, Vernon M.C, Westman E.C (2005) A low-carbohydrate, ketogenic diet to treat type 2 diabetes. . 

Nutr Metab Yancy WS Dec (Lond) 1; 2:34. 

9. Jabre M.G, Bejjani B.P. (2006) Treatment of Parkinson disease with diet-induced hyperketonemia: a feasibility study. 

Neurology Feb 28; 66(4):617; author reply 617. 

10. J Physiol Biochem. (2012) The biochemistry of ketogenesis and its role in weight management, neurological disease and 

oxidative stress. McPherson PA1, Mc Eneny J. Mar; 68(1):141-51. Doi: 10.1007/s13105-011-0112-4. E pub 2011 Oct 8. 

11. Jeszka-Skowron, M., Oszust, K., Zgola-Grzeskowiak, A. et al., (2018) Quality Assessment of Gobi Fruits, Cranberries, and 

Raisins Using Selected Markers. European Food Research and Technology, 244, 2159-2168.  https://doi.org/10.1007/s00217-

018-3125-1 

12. McKenzie A.L, Hall berg S.J, Creighton B.C, et al. (2017) a novel intervention including individualized nutritional 

recommendations reduces hemoglobin A1C level, medication use, and weight in type 2 diabetes. JMIR Diabetes; 2: e5. 

13. Marcone, G.L., Rosini, E., Crespi, E. and Pollegioni, L. (2020) D-Amino Acids in Foods. Applied Microbiology and 

Biotechnology, 104, 555-574. https://doi.org/10.1007/s00253-019-10264-9 

14. Pollmann, H., Breitenbach, J. and Sandmann, G. (2017) Engineering of the Carotenoid Pathway in Xanthophyllomyces 

Dendrorhous Leading to the Synthesis of Zeaxanthin. Applied Microbiology and Biotechnology, 101, 103-111.  

https://doi.org/10.1007/s00253-016-7769-0 

15. Roberts, M.N., Wallace, M.A., Tomilov, A.A., et al., (2017) a Ketogenic Diet Extends Longevity and Health Span in Adult Mice. 

Cell Metabolism, 26, 539-546.  https://doi.org/10.1016/j.cmet.2017.08.005 

16. Saini, R.K. and Young-Soo, K. (2019) Microbial Platforms to Produce Commercially Vital Carotenoids at Industrial Scale: An 

Updated Review of Critical Issues. Journal of Industrial Microbiology & Biotechnology, 46, 657-674.  

https://doi.org/10.1007/s10295-018-2104-7  

17. Seth, V.D., Oubre, C. and Boopathy, R. (2019) Carbon Ecology of Termite Gut and Phenol Degradation by a Bacterium Isolated 

from the Gut of Termite. Journal of Industrial Microbiology & Biotechnology, 46, 1265-1271.  https://doi.org/10.1007/s10295-

019-02183-5. 

  



 

 
Volume 3 - Issue 6 - June 2021       623 | P a g e  
 

Moringa Production and its Importance in Human Being 
Article ID: 11224 

Babita Kumari1, Vishal Kumar2, Dr. Neeraj Awasthi3 
1Research Scholar, 3Assistant Professor, Department of Earth & Planetary Sciences, Prof. Rajendra 

Singh Institute of Physical Sciences, Veer Bahadur Singh Purvanchal University, Jaunpur, UP, India 
2Assistant Professor, Balwant Singh Institute of Agricultural Sciences and Technology, MGKVP, 

Varanasi, UP, India. 

 

 

Introduction 
Moringa oleifera tree is able to survive the humid tropics or hot dry lands and less fertile soils (Anwar et 

al., 2007) native of Indian and grow also in tropical and subtropical regions of the world. It is belonging 

from Moringaceae family; commonly name of Moringa oleifera tree is ‘drumstick tree’, or ‘horseradish tree 

Benzolive Kelor, Marango, Mlonge, Mulangay, Saijihan and Sajna (Fahey, 2005). The tree of Moringa 

oleifera can easily grow in highly drought and mild frost conditions this reason that it can survive and grow 

in around the world. It is Full of nutrition due to presence of a diversity of essential phytochemicals present 

in its leaves, pods and seeds containing huge amount of like as vitamins C present 7 times more than 

oranges, vitamin A is 10 times more than carrots, calcium is 17 times more than milk, Protein is present 

in drumstick 9 time more than yoghurt and 15 times more potassium than bananas and 25 times more iron 

than spinach (Rockwood et al, 2013). From leaves to seeds, every part of this plant is edible for nutrition 

and commercially such as extract of leaves is potent to reduce the chances of malnutrition and breast milk 

in lactating mothers and also used for medicinal purposes like as potential antioxidant, anticancer, anti-

inflammatory, anti-diabetic and antimicrobial agent (Gopalakrishnan et al, 2016). (Khalafalla et al., 2010) 

reported that for industrial purposes M. oleifera seed, work as natural coagulant is extensively used in 

water treatment plant. 

Optimum Soil Conditions and Cultivation 
In present time it is grow totally the whole area of Middle East, and it has been mentioned in initially 

Eastern Africa from India at the start of 20th century. In 1920 century, it was introduced as an ornamental 

plant in Nicaragua the Marango (local name for Moringa oleifera). M. oleifera can be grown in any tropical 

and subtropical regions of the world with a temperature around 25–35 ◦C. It requires sandy or loamy soil 

with a slightly acidic to slightly alkaline pH and a net rainfall of 250–3000 mm (Gopalakrishnan et al, 

2016). Naturally It is occupied ataltitudes up to the 1,000m above sea level with cultivate well on hilly area 

and is often cultivated in river basins.it is a very easily cultivated tree to 6-7m   in less water condition in 

one year and found in  area which is obtaining rainfall approximately less than 400mm mean annually 

(Odee, 1998). 

Morphology and Physical Characteristics 
Moringa is a fast growing, perennial tree which can reach a maximum height of 7-12 m and a diameter of 

20-40 cm at chest height.  

Stem: The stem is; normally straight but occasionally is poorly formed. The tree grows with a short, 

straight stem that reaches a height of 1.5-2 m before it begins branching but can reach up to 3.0 m. 

Branch: The extended branches grow in a disorganized manner and the canopy is umbrella shaped. 

Leaves: The alternate, twice or thrice pinnate leaves grow mostly at the branch tips. They are 20-70 cm 

long, grayish-downy when young, long petiole with 8-10 pairs of pinnae each bearing two pairs of opposite, 

elliptic or obovate leaflets and one at the apex, all 1-2 cm long; with glands at the bases of the petioles and 

pinnae (Morton, 1991). 

Flowers: The flowers, which are pleasantly fragrant, and 2.5 cm wide are produced profusely in axillary, 

drooping panicles 10 to 25 cm long. They are white or cream colored and yellow-dotted at the base. The five 

reflexed sepals are linear-lanceolate. The five petals are slender-spatulate. They surround the five stamens 

and five staminodes and are reflexed except for the lowest (Morton, 1991). 
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Fruits: The fruits are three lobed pods which hang down from the branches and are 20-60 cm in length. 

When they are dry, they open into 3 parts. Each pod contains between 12 and 35 seeds. 

Seeds: The seeds are round with a brownish semi-permeable seed hull. The hull itself has three white 

wings that run from top to bottom at 120-degree intervals. Each tree can produce between 15,000 and 

25,000 seeds/year. The average weight per seed is 0.3 g and the kernel to hull ratio is 75: 25 (Makkar and 

Becker, 1997). 

Nutritional Value of Moringa 
Every part of Moringa is contain of variant type nutrients which is full of vast amount minerals such as 

calcium, potassium, zinc, magnesium, iron and copper (Kasolo et al, 2010) also store house of Vitamins like 

beta-carotene of vitamin A, vitamin B such as folic acid, pyridoxine and nicotinic acid, vitamin C, D and E 

also present in M. oleifera (Mbikay, 2012). 

Medicinal Properties 
In India where people knew in about uses of Moringa’s seed which contain edible oil for medicinal purposes. 

M. oleifera is used for treatment in more than 300 diseases, from last few periods Indian and Africans are 

using Moringa in form of herbal medicinal due to phytochemicals which is good medicinal agent. Moringa 

has been used to cure in cancer and diabetes also .it is act as an anti-diabetic agent. Numerous scientists 

have been reported that M. oleifera is containing ornamentals plant with medicinal and therapeutic or 

healing quality. Leaves of M. oleifera are uses in cure of fever, indigestion or eye. In numerous reports, the 

M. oleifera is described as an ornamental plant with medicinal, therapeutic, or healing properties. The 

leaves are used for fever, indigestion, or eyes treatments. The anti-fungi activity of the extract has been 

investigated and possesses a protective action to the toxic effects of arsenic. This plant has been 

recommended as a feedstuff for milk-producing cattle or for Nile tilapia, and as a supplementary feed for 

goats and lambs. The oil from the seed is useful as vegetable oil and for the production of soap and 

cosmetics. In addition, this seed oil possesses resistance to oxidative degradation and fuel properties. The 

protein press cake obtained after oil extraction has one of the best natural coagulants that are effectively 

utilized for treatment and purification of highly. turbid water (Makkar and Becker 1996; Gupta et al. 2007; 

Richter et al. 2003). 

Nutritional and Medicinal Values of Different Parts of Moringa 

Part Of 

Tree 

Medicinal Properties  Nutritional 

properties  

Suggestions References 

Leaves  

 

Moringa leaves treat 

asthma, hyperglycemia, 

Dyslipidemia, flu, heart 

burn, syphilis, malaria, 

pneumonia, diarrhea, 

headaches, scurvy, skin 

diseases, bronchitis, eye 

and ear infections. Also 

reduces, blood pressure and 

cholesterol and acts as an 

anticancer, antimicrobial, 

Antioxidant, antidiabetic 

and anti-atherosclerotic 

agents, neuroprotectant 

Moringa leaves contain 

fiber, fat proteins and 

minerals like Ca, Mg, 

P, K, Cu, Fe, and S. 

Vitamins like Vitamin-

A (Beta-carotene), 

vitamin B-choline, 

vitamin B1-thiamine, 

riboflavin, nicotinic 

acid and ascorbic acid 

are present. Various 

amino acids like Arg, 

His, Lys, Trp, Phe, 

Thr, Leu, Met, Ile, Val 

are present. 

Phytochemicals like 

tannins, sterols, 

saponins, trepenoids, 

phenolics, alkaloids 

and flavanoids like 

The presence of 

flavanoids gives 

leaves the 

antidiabetic and 

antioxidant 

properties. The 

isothiocyanates are 

anticancer agents. 

Flavanoids like 

quercitin and others 

are known for anti-

proliferative, 

anticancer agent. 

The presence of 

minerals and 

vitamins help in 

boosting the immune 

system and cure a 

myriad of diseases 

Rockwood et 

al, 2013; 

  Mbikay, 

2012; 

  Fuglie, 

2005;  

Ijarotimi et 

al, 2013; 

Jung, 2014; 

Choudhary, 

et al, 2013. 
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quercitin, isoquercitin, 

kaemfericitin, 

isothiocyanates and 

glycoside compounds 

are present. 

Seeds 

 

Seeds of moringa help in 

treating hyperthyroidism, 

Chrohn’s disease, 

antiherpes-simplex virus 

arthritis, rheumatism, 

gout, cramp, epilepsy and 

sexually transmitted 

diseases, can act as 

antimicrobial and anti-

inflammatory agents 

Contains oleic acid 

(Ben oil), antibiotic 

called pterygospermin, 

and fatty acids like 

Linoleic acid, linolenic 

acid, behenic acid, 

Phytochemicals like 

tannins, saponin, 

phenolics,phytate, 

flavanoids, terpenoids 

and lectins. Apart from 

these, fats, fiber, 

proteins, minerals, 

vitamins like A, B, C 

and amino acids 

The presence of 

flavanoids gives its 

anti-inflammatory 

property. The 

antibiotic 

pterygospermin is 

responsible for 

antimicrobial 

properties. The other 

phyto-chemicals help 

in treating various 

diseases 

Rockwood et 

al, 2013; 

 Kasolo et al, 

2010; 

Thurber and 

Fahey, 2010; 

Sutalangka 

et al, 2013; 

 Nair and 

Varalakshmi, 

2011. 

Root 

Bark 

Root bark acts as a cardiac 

stimulant, anti-ulcer and 

anti-inflammatory agent  

Alkaloids like 

morphine, moriginine, 

minerals like calcium, 

magnesium and 

sodium 

The alkaloid helps 

the bark to be 

antiulcer, a cardiac 

stimulant and helps 

to relax the muscles 

Adeyemi, 

and Elebiyo, 

2014; 

Monera, and 

Maponga, 

2012. 

Flower 

 

Moringa flowers act as 

hypocholesterolemic, anti-

arthritic agents can cure 

urinary problems and cold. 

It contains calcium 

and potassium and 

amino acids. They also 

contain nectar 

The presence of 

nectar makes them 

viable for use by 

beekeepers. 

Fuglie,2005; 

Sutalangka 

et al. 2013. 

Pods Moringa pods treat 

diarrhea, liver and spleen 

problems, and joint pain 

Rich in fiber, lipids, 

non-structural 

carbohydrates, protein 

and ash. Fatty acids 

like oleic acid, linoleic 

acid, palmitic acid and 

linolenic acid are also 

present 

The presence of 

PUFA in the pods 

can be used in the 

diet of obese 

Fuglie, 2005. 
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Introduction 
GMP (Good Manufacturing Practices) is a principle of food safety that helps establishes the operational 

conditions and requirements which are necessary to ensure hygiene throughout the food chain and for the 

production thereof. It consists of guidelines that define management and handling actions, with the purpose 

of ensuring favorable conditions for the production of safe food. It is also helpful in designing the 

developmental processes of food and related products. It was developed by the Codex Alimentarius with 

the main objective of customer protection. 

Adoption of good hygienic practices is affected not only by ignorance of foodservice workers but also by 

external situations (Martins et al., 2014).According to the Food and Drug Supervisory Agency (2012), Good 

Manufacturing Practices (GMP) is an important factor for meeting the quality standards of food safety 

requirements set for food. GMP affects the survival of the food industries such as small, medium and large-

scale industries. The existence of the application of GMP in the food industry is an important factor to 

produce quality food, suitable for consumption and safe for health. 

Hazard analysis and critical control point (HACCP) is an effective managerial system aiding food safety. 

HACCP addresses the various hazards (physical, chemical and biological) that can occur from the series of 

process starting from raw material procurement, manufacturing and marketing of the final economic 

product. As HACCP is purely based on scientific method, implementation of such a system in every stage 

of food production would be cumbersome and it would take high level of commitment from top brass of the 

company or the firm. Nowadays, human health and their food habits are under scanner as consumers are 

growing more aware of the food safety standards. So, it is imperative for a company to provide their 

consumers with quality food to become a successful venture. An initiative like HACCP could help a firm to 

achieve these goals, whereas the small-scale industries often struggle to adopt HACCP as the difficulties 

posed by this managerial system becomes a burden more often than not. 

Rosak-Szyrocka and Abbase, (2020) addressed how efficiently can the managers implement the procedures 

of HACCP by identifying all the risk factors and proposed an improvised methodology which can aid a 

company manager to automatically implement HACCP. The study was conducted by analysing the key 

steps involved in the manufacturing of ice cream. Pal et al., (2016) compiled a review article which 

explained the role, principles and application of HACCP in food safety. Yang et al., (2019) conducted a 

study on the effectiveness of HACCP based food safety management system in small scale food businesses 

of China. 

Methodology 
Yaskunet al. (2020) used Good Manufacturing Practices (GMP) as the research method to maintain product 

quality and safety in Wingko, typical food that comes from Babat, Lamongan. GMP was carried out through 

three phases viz., evaluation, resoluteness and corrective measures. Based on the evaluation of every aspect 

and its sub-aspects the locations were grouped under various level and thus, WingkoBabat was included 

in level 4. The result emphasized the necessity of minimizing the risk posed by foodborne disease 

transmission through enhancing the knowledge and practices of food safety and hygiene. A study was 

carried out by Disanto et al. (2020) to collect information on the level of knowledge on food safety and 

correct application of GMP in some catering services using a modified Sharif and Al-Malik (2010) 
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anonymous questionnaire. The result specified the need of improving both the knowledge and practices of 

food safety and hygiene to minimize the risk of transmitting foodborne diseases. It also suggested for 

conducting training programs on careful planning, monitoring and implementation of food safety for food 

service workers. Both the studies were contrasting such that the former discussed about the research 

method to maintain food safety and later a survey for understanding the knowledge among the foodworkers 

and implementing GMP. Martin et al., (2014) study was based on survey with a set of questions to gather 

knowledge about the food hygiene at nursery homes where food safety practice is at its prime importance.  

Rosak-Szyrocka and Abbase (2020) tested an ice cream company which has been implementing HACCP. 

They assessed the critical control points and the control points of the company which had three critical 

control points and twenty-three control points. The authors worked out quality parameters that were in 

place and with the help of a series of questionnaire prepared they adopted a survey-based model to assess 

the effect of HACCP. However, Yang et al., (2019) adopted a meta-analysis technique to analyse the 

effectiveness of the system. This approach involved extraction of data from available literatures that 

reported the effectiveness of HACCP in small scale businesses of China. The studies were assessed and 

scored on the basis of their quality which was the basement for calculating the odd ratio. These two papers 

used entirely different methodologies as the former was an on field original research, whereas the latter is 

getting into a conclusion by analysing all the previously conducted research on the topic of interest. The 

third paper by Pal et al., (2016) is a review article which clearly mentioned every aspect of HACCP in food 

safety. 

Conclusion 
Food safety is considered as the state of food free from contamination or pollution in the form of chemical, 

biological and other harmful objects. Food safety ensures safer products for consumption. The improvement 

of food safety standards throughout the food service industries is strongly affected by social, economic and 

environmental factors. One of the implementations of food safety is the provision of guarantees on food 

quality. Food quality assurance can be realized by implementing a good GMP food production system. The 

application of GMP is one of the basic requirements in the implementation of quality assurance and food 

safety programs. HACCP is gaining momentum and will be a mainstay in the future even for the small-

scale industries. Implementation of this food safety management system would enhance a company’s 

reputation and would increase the trade manifolds. Food borne diseases can be restricted to bare minimum 

which enables hassle free food supply to the entire population of a country. Even though HACCP pose many 

barriers and difficulties, while adopting, a company must be well aware of these constraints but must not 

shy away from the promotion of its application in a plethora of food businesses.  
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Abstract 
Sustainable development aims to ensure the overall development of the society without harming the 

prosperity of people in the future. In this context, there is need for development of efficient and sustainable 

land use system for meeting the diversifying demands of food, fodder, timber, fuel, etc., on one side and 

conservation of natural resources in other side. On this contention, agroforestry land use system has been 

realized as potential system to address the problem of malnutrition, biodiversity conservation and 

combating climate change. Likewise, ecotourism sector has been gaining popularity across the world for its 

strong relation in improving financial, social and environmental characteristics of society. By considering 

the synergistic relationship between agroforestry and ecotourism, an interactive model of agroforestry-

ecotourism would pave a win-win situation in meeting the goals of sustainable development via enhancing 

green growth.  This kind of interactive model would also help in educating the tourists and different 

stakeholders; enhancing the knowledge of different components of the system and their management; 

scenic and aesthetic values; and employment opportunities of local people. 

Keywords: Sustainable development, agroforestry, ecotourism, climate change. 

Introduction 
The burgeoning population and its expected rise in the coming years warrant intensifying the present 

agricultural production system. At the same time, sustainable agriculture system has been realized and 

attempts have been made at the possible extends by modifying the existing land use, policy and related 

economical scales. Sustainable agriculture system is more relevant in challenging the negative impacts of 

global climate change and its related phenomena on agricultural systems. In this context, agroforestry land 

use system is being recognized as one of the possible lands uses not only diversifying the existing farm 

lands but also mitigating the climate change (McCarthy et al., 2001). On the other hand, ecotourism has 

also become one of the attractive tools for sustainable development by improving the socio-economic status 

and employment generation at one side and conservation of natural resources at other side. At this juncture 

development of ecotourism through agroforestry would provide more dimensions to achieve sustainable 

goals and promise more symbiotic relationship (Castro, 2003). In this context, agroforestry-ecotourism 

model can be considered as one of the viable options to improve green economy of the country as the green 

economy seeks to reduce carbon emission by improving resource efficiency and conservation of natural 

resources. 

Green Growth for Sustainable Development 
The Organization for Economic Co-operation and Development (OECD) is one of the pioneering 

organizations for implementing and formulating policy towards achieving green growth along the line of 

sustainable development. According to OECD (2011) green growth means fostering economic growth and 

development, while ensuring that natural assets continue to provide the resources and environmental 

services on which our well-being relies. In other words, green growth aims to foster the scope of sustainable 

development through employing arrangement plan that can help accomplish concrete, quantifiable 

advancement at the interface of the economy and the climate. It gives a solid spotlight on cultivating the 

essential conditions for advancement, speculation and rivalry that can lead to new wellsprings of monetary 

development, steady with strong environments. Green development methodologies need to give explicit 

consideration to a large number of the social issues and value worries that can emerge as an immediate 

consequence of greening the economy both at the public and global level. To accomplish this, they ought to 
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be executed in corresponding with drives focusing on the more extensive social mainstay of practical turn 

of events.  

OECD (2011) identified major indicators for evaluating the progress of economic growth: 

1. Environmental and resource productivity. 

2. Economic and environmental assets. 

3. Environmental quality of life. 

4. Economic opportunities and policy responses. 

Agroforestry-Ecotourism in the Wake of Sustainable Development 
The temporal and spatial arrangement of different components in agroforestry systems would provide 

ample scope for crop diversification without deteriorating the natural resources. In other words, 

agroforestry would not only maximize the productivity but also improve the soil properties. The concept 

agroforestry-ecotourism attempts to elaborate the importance of education and awareness among the 

different stakeholders about the potential and scope of agroforestry in the current scenario of climate 

change. This concept could also play an exemplary role for conservation of plant genetic resources by 

understanding their status along with suitable conservation methods. Under this proposed model of 

agroforestry-ecotourism different components namely forestry, agriculture, pisiculture, organic farming, 

etc., could be integrated with due consideration of the locality factors thereby encouraging the local people 

to involves in such type of programme (Figure 1). 

 
Figure 1: Components involved in Agroforestry ecotourism 

On the other hand, ecotourism concept no longer as it were limited to environment and natural resources, 

but related with society welfare, advancement and livelihood security through employment generation 

opportunities. The sector of tourism has been gaining popularity in the recent few years due to its faster 

economic expansion and less impacts on the natural ecosystem. 

Some of the major features would likely to address by agroforestry-ecotourism (Figure 2) to the society are 

as follows: 

1. Encouragement of local underutilized species which have global importance 

2. Provide a place for seed hub of various importance species including trees 

3. Preservation of indigenous traditional knowledge by developing herbal garden 
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4. Act as delivery system of environmental education to the tourists 

5. Development of arboretum which would enhance the importance of trees among the tourist 

6. Roadside and multipurpose trees species block plantation would attract several birds including 

migratory one which would serve a good place for bird watchers 

7. This kind of interactive model would help in maintenance of ecologically degraded areas 

8. Several food stalls can be installed where the necessary inputs are derived from the system itself 

9. It will help farmers to sell their petty produce within farm boundaries while tourist will get a feel of rural 

agricultural landscape free from urban polluted environment 

10. It will increase the biodiversity by creating favorable place for animal habitat 

11. Several agri-based entrepreneurships such as honey making, vermi-composting, etc., can be 

successfully development and this will help in creating employment opportunities.  

Overall, the development of such kind of interactive model would not only deal with conservation of natural 

resources but also helps in improving the social and economic status on the other side. Therefore, the 

proposed model would eventually maximize the local benefits and would help in establishing nature-based 

recreation features for tourists. This win-win situation would attract large number of tourists by providing 

the services of eco-destination, museum and amphitheatre thereby increasing the economy and 

subsequently make a way forward to sustainable development. 

 
Figure 2: A model developed for Agroforestry ecotourism (Source: Singh et al., 2017) 

Conclusion 
In order to meet to goal of sustainable development there is need for balancing in terms of social, economic 

and environmental parameters. In this context, a long term efficient and sustainable land use system needs 

to be evolved. On this line, agroforestry and ecotourism have been gaining popularity across the world in 

the recent few decades. The interactive model of agroforestry and ecotourism would pair a win-win situation 

in building up the green growth of the country. Such interactive model would not only educate the people 

about the nature and its conservation prospects but also helps in tapping the rich untouched rural 

agricultural resources. 
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Introduction 
Sleep is a biological phenomenon that has been conserved across evolution. It is a curious process in which 

a body becomes detached from the outside environment and becomes inactive. It can be described in terms 

of behavioural parameters as a condition in which animals assume a certain sleeping pose in which they 

move very little or not at all. They have altered brain function and a higher sensory tolerance, which means 

they are slower to respond. For example, in comparison to an awake animal, if we make a loud noise around 

a sleeping animal, it will respond slowly. Sleep deprivation leads to a compensatory increase in sleep which 

is called sleep rebound or sleep homeostasis.  

Humans sleep for only one third of their lives, while other animals such as kangaroos, rabbits, and bats 

sleep for half. Invertebrates, such as insects, seem to enjoy sleep in the same way that vertebrates do and 

the characteristics of invertebrate sleep: 

1. A species specific posture and resting location, as well as decreased motor neuron activity. 

2. Sleep reduces the capacity to respond to external stimuli and it is differing from coma in that it can be 

reverted to an awake state.          

3. A homeostatic mechanism i.e., rebound in sleep after sleep is deprived for certain periods of time.    

4. Increased response threshold i.e., insects in asleep state will be slower in reacting to external stimuli 

compared to an active insect. 

Model Insects Used for Studies on Sleep 
1. Honey bee (Apis sp.): It provides an excellent model for identifying and studying social signals 

influencing sleep. 

2. Fruit fly (Drosophila melanogaster): Genetic and transgenic toolkit available for Drosophila makes 

it a useful model for studying molecular mechanisms underlying the mechanism of sleep.           

So Now Coming to the Question do Insects Sleep? 
Yes, they do! They do not have eyelids like us humans, so they obviously don’t close their eyes like we do 

but show other characteristics of sleep. Insects possess a central nervous system which distinguishes them 

from plants and microbes and is also a crucial characteristic of sleep. During the evening time when 

butterflies tend to rest, they often stop their movement when the temperature falls below a certain point. 

This phase of inactivity in insects which appears like sleep, is actually a specific kind of dormancy called 

torpor. While in torpor state, insects tend to move very little and their response to external stimuli is greatly 

reduced or stopped and hence it may look like they are in a state of sleep.  

In the year 2000, independent study groups headed by the Neuroscience Institute of California and the 

University of Pennsylvania conducted studies on sleep in fruit flies, which marked the beginning of insect 

sleep research. Fruit flies display many of the main characteristics of invertebrate sleep, including:  

1. A species-specific sleep postures. 

2. Intervals of inactivity and immobility. 

3. At rest they are harder to startle than those who are active or alert, indicating an elevated arousal 

tolerance. 

4. Sleep rebound in case of sleep deprivation. For example, scientists have observed if they kept the flies in 

a container and then kept them awake by disturbing the container at certain time intervals, the flies had 

to sleep for an extra period of time in order to make up for the sleep loss, similarly like we have to go for a 

extra nap sometimes after working for the entire night.  



 

 
Volume 3 - Issue 6 - June 2021       634 | P a g e  
 

The sleep-in fruit fly can also be marked by a decline in calcium ion concentration in some cells in its brain, 

whose amount increases at the time of wakefulness. Thus, we can say that there is also some change in 

brain activity during sleep in Drosophila. Research done recently has revealed that sleep in fruit fly can be 

disturbed by the use of caffeine just as in case of humans and the sleep rhythm is even affected by age as 

well as sex. It has been observed that the need for sleep in drosophila alters as the insect ages, the older 

ones sleep significantly lesser compared to the young ones who sleep for longer time interval.  

Studies done by researchers have described sleep in some other insects such as bees, wasps, moths, 

cockroaches, etc. some of which are stated below: 

a. Honey bees (Apidae): Marked by their antennal position, which is usually upright in awake state 

but seen to droop somewhat downwards when the insects are asleep. 

b. Cockroaches (Blattidae): Fold down their antennae when they sleep, which serves the purpose of 

protecting their delicate organs. 

c. Preying mantises (Mantidae): Droop downwards while they sleep. 

d. Sleep in bed bugs has also been reported. 

Insects possess a fascinating circadian clock that controls the timing of their sleep and also the time at 

which they wake up. 

Circadian Rhythms 
Like other vertebrates, insects show rhythms of behavioural and physiological activity which revolves 

around a 24hr cycle. Such rhythms are known as circadian rhythms. Pacemakers which are situated in the 

protocerebrum and optic lobes, are responsible for these rhythms. Drosophila was the first insect in which 

scientists discovered the neural and molecular underpinning of circadian rhythms. The circadian clock in 

drosophila is made up of about 150 neurons. Over the course of a day, circadian clock neurons direct periods 

of activity. There is maximum activity in Drosophila during sunrise and immediately before dusk (or just 

before light on and lights off in a laboratory condition). The circadian clock influences many physiological 

and behavioural processes in insects including the sleep wake cycle, feeding, mating, oviposition, egg 

hatching, pupal eclosion as well as annual rhythms like diapause.  

However, the influence of circadian clock in insects is not constitutive and can be adjusted to meet the 

insect’s internal and external needs. When necessary, animals can flip their sleep-wake cycle. Hunger for 

example can cause animals to seek food even during their regular sleeping period. Some insects are awake 

at night to take advantage of the opportunity to eat invisibly and thus avoid natural enemies. Cutworms 

consume leaves after the sun sets to avoid being eaten birds and predators. In contrast, insects searching 

for food during the day, like bees looking for pollen, follow the opposite circadian cycle. There are various 

species of ants which become nocturnal in summer and diurnal in winter and sometimes when the nights 

are illuminated by weak light or there is high temperature, fruit flies which are usually diurnal can flip to 

partial nocturnality. There is also an impact of social interactions on sleep time: fruit flies that are exposed 

to socially enriched surroundings show a rise in their sleep during the day while Drosophila males have 

been found to become nocturnal when numerous of them are kept together. 

Sleep Disruption in Insects and its Consequences 
There are certain things without which we cannot live viz. water, oxygen, etc. and another one is sleep - 

whose primary role seems to be the downscaling of synapses that are built up during active stage. Thus, it 

helps to maintain brain homeostasis and at the same time aids in memory and learning.  Lab studies have 

shown that sleep may get disturbed in insects due to various reasons some of which are summed up below: 

Reasons for sleep disruption  Consequences for sleep disruption 

• Vibrations/ shaking. 

• Starvation for a long time. 

• High night time temperature. 

• Exposure to light at night. 

• Chemical exposure. 

 

• Impaired learning and memory retention. 

• Reduced courtship success. 

• Lower aggression. 

• Impaired navigation. 

• Reduced life span or death in severe case of 

sleep loss. 
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For humans sleep deprivation is a severe problem, and the case is not any different in case of insects. Sleep 

in adequate amounts has various advantages. Long term sleep loss causes death in rats and people with 

fatal insomnia die within a year or two. Only after a single day of sleep loss, humans show reduced cognitive 

performance and deprivation of sleep for longer time causes hallucinations and speech delay, 

demonstrating the need of sleep for normal function of the brain. Invertebrates, such as insects, require 

sleep in the same way as vertebrates do. 

1. Waggle dance is a method used by bees to communicate about food sources. According to studies, bees 

with less sleep act differently than those with accurate directional information. Deprivation of sleep at 

night decreases the waggle dance precision in Apis mellifera and diminishes the likelihood of successfully 

going back to the hive.   

2. Sleep aids in memory retention by preventing forgetfulness and memory is affected by sleep loss. 

Inadequate sleep affects both short-term and long-term memory in fruit flies. Laboratory experiments have 

shown that fruit flies that are forced to stay to awake are slower in learning their way around simple mazes 

than fruit flies that are allowed sufficient sleep. 

3. Without adequate sleep butterflies do not forage properly and females tend to oviposit on wrong plants 

for their young ones (caterpillars) to consume. 

Besides the Fact that it’s Fascinating, why should we be Interested to Study About 

Insect Sleep? 
1. Studying sleep in insects could reveal fresh information about its molecular base and functional role as 

the brain of an insect is simpler than a mammal’s.  Insects provide an excellent system for studying these 

because their nervous system is relatively small and accessible.  

2. Research on sleep and circadian rhythms in comparatively simpler organisms such as a fruit fly or honey 

bee could provide new facts about the genes and biochemical pathways involved to regulate sleep. 

3. It may also be possible to manage crop pests by utilising their circadian cycles, although much research 

has to be done in this field. Insecticides, for example, may function better at specific times of a day and 

circadian rhythms may help us understand the metabolism factors behind this. 
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Abstract 
Every living creature needs food to survive, but the demand for food is growing in lockstep with population 

growth. Insects account for more than 60% of biodiversity and are one of the primary food sources. People 

have been known to eat insects for a long time. Edible insects have recently gained attention as a result of 

their vast commercial value, as well as their economic and environmental benefits. About 2 billion people 

eat insects as part of their daily diets around the world. Insects are much smaller than other mammals, 

eat less food and water, and have high protein, carbohydrates, and vitamin content. Through cooking them, 

we can create delectable dishes. Insects are one of the food types that can be used in a balanced diet. Certain 

misconceptions about insect food, on the other hand, cause people to dislike insects. In this context, we've 

discussed a few benefits of insects as food, as well as their flavours and myths. 

Introduction 
In the next 30 years the world’s population is projected to reach 9 billion people. If the world's population 

grows, the market for food grows as well. As a result, any resource, such as food, soil, and water, will be 

scarce, making it impossible for farmers to feed people. More specifically, how do we produce food that is 

both nutritious and profitable by using even less resources? 

There are about 1.8 million total creatures described on the planet, of which more than 1 million are insects, 

accounting for more than 60% of all recognized species. Insects are the most plentiful and nutrient-dense 

arthropods on the planet. Grasshoppers, crickets, mealworms, and even cockroaches may be cultivated in 

large quantities. It could be the key to feeding the world's 9 billion inhabitants. Insects are the most 

essential potential source of protein because they are sustainable, edible, and tasty. Insects are sustainable 

because they do not use as much energy in metabolic processes as other species such as cows, goats, fish, 

and chickens.           

Insect-Eating Myths and Myths Busters in India 
Sl. No Myths Myths busters 

1. People are disgusted and horrified by 

insects in their diets 

People eat prawns and other insect-like species 

because they are familiar with their taste and 

recipes. If they are familiar with insect flavour 

and recipes, they will eat insects as well. 

2. Many people are unaware that they, too, 

consume insect 

We need to make people aware that they, too, 

eat insects. 

3. Non-vegetarian alternatives abound 

(chicken, fish, mutton, and so on), and 

meat is readily available per person in 

India 

We need to make people aware that food scarcity 

is a significant problem for us right now, but it 

will be a significant problem in the future, and 

eating insects is one of those amazing ideas that 

can help us deal with food scarcity in the future. 

4. A lack of knowledge about their food and 

recipes 

People believe that all insects are toxic, 

that feeding them causes health problems, 

vomiting, and that insects carry illness, 

virus and germs 

We need to remove the belief that all insects are 

poisonous from their minds. 
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5. Inadequate knowledge of their protein 

vitamins and pharmacological properties. 

We need to educate people about the 

pharmacological and nutritional potential of 

insects. 

Why should we Choose Insects as a Food? 
There are few points for comparison between insects with other animals.  

1. Consumption of food and water: As feed quality, we favor these in livestock rearing i.e., chicken, 

meat, fish, and beef. Feed efficiency is the ratio of how much food an animal consumes to achieve 1kg of 

weight. Chicken and fish are the most effective protein sources, requiring 8-10kg of feed to yield 1kg of 

meat. Insects, on the other hand, take 1kg of feed to produce 1kg of protein powder. In terms of water 

intake, cereals need 1000-1200 L of water to produce one kg of feed, chicken needs 4000-5000 L of water to 

produce one kg of meat, cow requires 14000-15000 L of water to produce one kg of beef, but insects such as 

crickets need only 3-4 L of water to produce one kg of insect meat. 

2. Protein value: Insects are an excellent source of protein. Crickets have more protein than beef jerky, 

chicken, fish, and eggs. They are higher in iron than spinach and higher in calcium than milk. Mealworms 

are another common edible insect; they have more protein than beef and more omega-3 fatty acids than 

salmon fish. 

3. Ecofriendly: Insects are first and foremost effective in terms of reducing greenhouse gas emissions as 

compared to other species. Methane emissions from industrial meat processing actually account for 37% of 

all methane emissions in the atmosphere. Whereas, the processing of insects emits only 1% of methane. 

4. Less space and time required: They take so little physical space and time; you can't stalk a cow on 

top of each other, but you can produce insects in an enclosed space like a home. We need pasture to feed 

cattle, or we need to overplant grass and crops to feed livestock. Whereas, insect rearing takes up relatively 

little area, putting a strain on land capital. In comparison to fish, chicken, or beef, insects are able to eat 

in short period of time. Chicken takes 3-4 months, fish takes 10-12 months, goat takes 2-3 years, but insects 

only take 1-2 months to mature. Insects make close loop system to corporate food waste in insect farming. 

They create alternate source of protein at very low cost. They are also rich in micro nutrients.  Around the 

world 2 billion people consume insects as part of their traditional diets precisely because they offered as 

delicious way of flavor. 

Edible Insects in India 
A review of entomophagy activities in India found that various tribes in India have been eating 

approximately 255 species of insects for a long time. The intake of coleopteran species was the largest of 

these edible insect species, accounting for approximately 34%, led by Orthoptera (24%), Hemiptera (17%), 

Hymenoptera (10%), Odonata (8%), Lepidoptera (4%), Isoptera (2%), and Ephemeroptera (1 %). (Fig1). 

 
Fig1: Insect orders composition as food 

Edible insects are chosen by various tribes based on cultural customs, taste, geographical location, and 

seasonal availability. Roasting or boiling are the most popular methods of cooking edible insects for eating. 

Spices are often used to enhance flavour. Entomophagy is common among North East Indian ethnic groups, 
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especially among the tribes of Arunachal Pradesh, Assam, Manipur, and Nagaland, and to a lesser extent 

among the tribes of Meghalaya and Mizoram. 

Consumption of Insects in India, Zone Wise 
1. North East zone (Assam, Manipur, Tripura, Nagaland): Ant, Termite, Grasshopper, Cricket, 

Silkworm pupa and larvae, Bees, Dragonfly, Mole cricket, Giant water bug, Diving beetles. 

2. Central India zone (Chhattisgarh, MP. UP. Maharashtra): Red ant, Caterpillars, Termites, 

Grasshoppers, Crickets, Beetles and grubs. 

3. South zone (Tamil Nadu, Kerala, Karnataka, Andhra Pradesh): Grasshopper, Palm weevil, 

Rhinoceros beetle, Dragonfly, Termite, Butterfly. 

Red Ant Chutney, for example, is a local dish in Chhattisgarh that you must try at least once. It's actually 

a chutney made from the eggs, larvae and adults of red ants. Red ants abound in the forests of 

Chhattisgarh's Bastar district are no longer a nuisance to the tribal tribes of Chhattisgarh. They used them 

to make chutney called "Chapra ki Chutney". 

Preparation of "Chapra ki Chutney" 
The taste of red ant chutney is an eruption of spicy and sharp flavours, and it also contains a wealth of 

medicinal properties. These ants and their eggs are collected from their nests by the farmers as they wander 

through the forests.Further crushed and dried,later they are put in a pestle and mortar and grinded. Then 

tomatoes, coriander, garlic, ginger, chilli, salt, and a pinch of sugar are added to make orange-coloured, 

creamy, paste-like chutney called “Chapra ki Chutney”. 

 
Fig 2: Preparation of Chapra ki Chutney 

Other Flavors of Insects 
Sl. No. Insects Flavour 

1. Ant Sour, almost nutty 

2. Aquatic insect Fish like 

3. Leaf-footed bug Pumpkin 

4. Stink bugs Apple 

5. Termite Nutty 

6. Wasps Pine Nuts 

7. Mealworms  Nutty, Whole wheat bread 

8. Most larvae Nutty, mushroom flavour 

Conclusion 
After all, the preceding words have shown how we can eat insects and that there are many species of insects 

in our country that we can use as a food supply to prevent potential food shortages. Insects have a large 

amount of protein and vitamins at a low cost, making them a valuable resource for underprivileged people 

in tribal areas who are malnourished.  
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Summary 
Niger is an annual herb and important oil seed crop originated in Ethiopia and it is grown in different 

climatic conditions. India is the largest producer and exporter of niger. It is an oilseed crop and known for 

its nutritious oil and oil cakes. It is also a potential biofuel crop.  

The main constraints in niger production are having a low harvest index. Prime objectives of breeding 

programme should be to develop variety with a single headed, dwarf type, uniform maturity with low 

shattering habit. Its oil is nutritionally valuable as it has high amount of linoleic acid which could prevent 

cardiovascular diseases. 

Niger Morphology 
Niger (Guizotia abyssinica (L. f.) Cass.) is an annual herb that grows up to a height of 2 m. The genus 

Guizotia belongs to the family of Compositae. The tap root system is well developed, with many lateral 

roots. The stems are soft, hairy, hollow with a diameter up to 2 cm, and branched with often spotted or 

dotted with purple or pale green colour and turns yellow as it matures. Leaves are usually dark green and 

leaf blade is lanceolate to obovate. 

The inflorescences are arranged in apical or axillary cymes surrounded by leafy bracts up to 3 cm long. The 

flower is having bright yellow colour and becomes golden yellow as they mature with having up to 50 seeds 

in each flower. The disk florets are yellow to orange with yellow anthers, and a densely hairy stigma. The 

seeds are black or brown in colour with 3-6 mm long and broadness ranges between 1.5-4 mm (Bulcha, 

2007).           

Worldwide Distribution 
Niger is a variable species adapted to different climatic conditions or environments: cool tropical climate of 

Eastern Africa, hotter tropical and subtropical lowlands of India and temperate Europe. Niger is believed 

to have originated from Ethiopia and domesticated there from about 2000 BC, and cultivated to a limited 

extent in Ethiopia, East Africa, South Africa, Zimbabwe, West Indies and India (Baghel and Bansal, 2017). 

In France, it is used as a cover crop (Arvalis, 2016; Sem-Partners, 2016). India is the largest producer and 

exporter of niger (Chavan 1961). It is cultivated in Andhra Pradesh, Madhya Pradesh, Orissa, 

Maharashtra, Bihar, Karnataka, Nagar Haveli and West Bengal states of India of which Madhya Pradesh 

is the largest producer. 

Ecology 
The major Niger-producing areas in Ethiopia are characterized by a moderate temperature ranging 

between 15°C and 23°C during the growing season. Niger performs well on a wide range of soil patterns, 

from poor sandy to heavy black cotton, with a pH range varying from 5.1 to 7.3. Optimum requirement of 

annual rainfall for the niger crop is about 1000-1300 mm and decreases seed yield when it rains more than 

2000 mm. It has the yield potential of 800-1000 kg/ha under optimum growing conditions. Niger can 

withstand waterlogged conditions due to its ability to form respiratory roots because of its aerenchyma and 

have some good tolerance level to saline conditions also (Bulcha, 2007). The aerenchymas develop only 

when niger plants are grown under high waterlogging condition and transport oxygen within the cormus 

into the root system (Prinz, 1976). Photoperiodism plays an important role in the niger crop, longer 

daylengths increases vegetative growth and plant height in case of Ethiopian compare to Indian types. 
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Niger as Edible Oil 
Niger is an oilseed crop and known for its nutrient rich oil and oil cake. Niger oil cake is a feed rich in 

protein, fibre and oil and free from toxic compounds which suited to all livestock and can be easily digested. 

Niger cake is also used as a manure which consists of 5% N, 2% P2O5 and 1.5% K2O (Krishna et al., 2018). 

Niger seed contain about 35-40% edible oil with fatty acid composition of 7-8% steric and palmitic acids, 5-

8% oleic acid and higher portion of polyunsaturated fatty acid i.e. 75-80% linoleic acid (Dutta et al., 1994). 

Oil of niger seeds used for the treatment of various diseases and as an illuminant, paints, soap and use as 

food ingredients (Belayneh, 1991). 

Niger an Alternative Approach for Biofuel 
Niger seeds can be easily processed to replace partial or full petroleum-based diesel fuel (Devi et al., 2006, 

Sarin et al., 2009). Thus, the use of niger plant for multi scale biodiesel production is of great interest with 

regard to solve the various problems such as reduction in carbon emission which decreases the load of 

carbonic gases, solving the issue of energy shortage and increasing the farmers income in addition to its 

use in traditional medicines. The low seeds cost, easy adaptation on all soil ranges, moderate water 

requirement, short reproductive period, leads G. abyssinica as a potential biofuel crop (Getinet and 

Sharma, 1996, Sarin et al., 2009). 

Constraints in Niger Production 
To combat the rising demand for nutrient rich oil seeds there is a need to upscale the production of niger 

by improving the mass multiplication techniques. The niger crop has extremely low harvest index where 

fertilizer applications and inputs merely promote vegetative growth rather than the seed yield 

enhancement (Belayneh, 1986). Besides that, plant suffers from low yield due to self-incompatibility, 

lodging, shattering, indeterminate growth habit, instability at higher temperature and susceptibility to 

diseases (Getinet and Sharma, 1996, Murthy et al., 2003). The Niger fly and black pollen beetles are the 

serious pests which feeds on flower head, interferes the pollination and seed set, thereby reducing seed 

yield (Schmutterer 1971; Jakhmola 1981). 

Breeding Objectives 
Niger crop has competitive with other high yielding oilseed crops, and thus its seed yield must be 

significantly improved. The prime objective of breeding is to develop a variety with single-headed, dwarf 

types and uniform maturity trait resulting in reduced shattering losses. Better harvest index could be 

achieved through reduction in plant height as it would decrease the number of leaves per plant (Belayneh 

1986). Shorter plants are usually more responsive to fertilizer application and utilize inputs more efficiently 

in that seed yields could be increased and also lodging problems can be avoided. The second foremost 

breeding objective is to improve the seed oil content. The exploitation of genetic variability for oil content 

from the Ethiopian and Indian germplasm should be prioritized and these collections which could be used 

in a breeding programme to significantly increase the oil content (Getinet and Teklewold, 1995). In niger, 

mass selection technique has been successfully employed for the development of an early to medium 

maturing and short plant type variety. 

Biotechnology in Niger Crop Improvement 
Wild species of the genus Guizotia could serve as sources for disease resistance genes which could be 

introgressed into the cultivated species through interspecific crossing or through marker aided selection 

using biotechnological tools to establish the resistance breeding against the pests and diseases. Tissue 

culture technology plays an important role to develop the regeneration protocol from explants, minimize 

the somaclonal variation and to develop the homozygous lines which could be successfully exploited by 

breeders for crop improvement. Simmonds and Keller (1986) developed protocol for niger plant 

regeneration from leaf tissue. The regeneration protocol from niger cotyledon and hypocotyl was also 

developed in India. 

Self-compatible lines, dwarfs and single-headed doubled haploid plants have been produced through 

another culture (Sarvesh et al. 1993, 1994). To speed up the development of homozygous mutant types and 

inbred lines use of anthers and microspores derived from dihaploids is of great value. 
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Potential Uses 
High amount of linoleic acid makes niger oil more valuable for controlling cardiovascular diseases. It has 

vital role as a precursor of structural components of plasma membranes and some metabolic regulatory 

compounds (Osman, 2020). Oil is used for cooking, painting, soap making and cleaning of machinery 

(Chavan 1961; Patil and Joshi 1978; Patil and Patil 1981). The meal remaining after the oil extraction 

contains higher protein (30%) and low crude fibre (17%) (Seegeler, 1983). Niger oil also holds good promise 

for its use as a replacement either partially or fully for petroleum-based diesel fuel (Devi et al., 2006, Sarin 

et al., 2009). A niger-based agar medium can be used to differentiate the serious brain ailment causing 

fungus (Cryptococcus neoformans (Sant) Vaill, from other fungi (Paliwal and Randhawa 1978). 

Prospects 
Niger crop can well perform on all range of soils and has less infestation of diseases compared to other 

oilseed crops. It contributes a great deal in soil conservation and land rehabilitation because of its 

mycorrhizal association and its potential as a biofertilizer. The polyunsaturated fatty acid (linoleic acids) 

is having pharmaceutical importance and prevents the cardiovascular diseases. The meal remaining after 

the oil extraction is an excellent feed for animals. The exploitation of genetic variability and its 

incorporation in the breeding program would help to enhance the Niger yield. Biotechnological tools 

developed for niger crop could contribute to accelerating niger breeding program to develop the candidate 

germplasm/variety/hybrid through marker assisted breeding program. 

Conclusion 
Photoperiodism plays an important role in the development of niger crop, longer day lengths increase 

vegetative growth and plant height in case of Ethiopian compare to Indian types. Oil from niger seeds used 

for the treatment of various diseases and as an illuminant, paints, soap and use as food ingredients having 

an industrial importance. In niger, mass selection technique has been successfully employed for the 

development of an early to medium maturing, short plant type varietal development. Marker aided 

breeding could contribute to develop the germplasm/varieties/hybrids through the deployment of candidate 

genes from wild to cultivated one through the use of biotechnological tools. 
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Due to increased awareness and interest in dyes and colourants from organic sources such as Bacteria, 

Fungi, Algae. Algae play a major and effective  role among them. It has a wide scope in food and textile 

industries. In some cases, it is used in pharmaceutical industries. Apart from food and medicine, these bio-

colourants in cosmetics and paint additives. 

Introduction 
Colorants and Dyes from natural sources (Tree Bark, Flowers, Berries) are gaining importance  mainly due 

to health and environmental issues. As like bio-resources, micro-organisms and macro-organisms also 

seeks attention now-a-days. Algae contain wide range of photosynthetic pigments. There are three types of 

photosynthetic pigments viz., Chlorophyll, carotenoids (Carotenoids and Xanthophyll) and phycobilins. 

1. Phycobilins group includes Phycocyanin and phycoerythrin. 

2. Carotenoid group includes Fucoxanthin and Peridinin.      

Different Types of Algae and the Major Pigments 

Division Common Name Major Accessory Pigment 

Chlorophyta  Green algae Chlorophyll B 

Chrysophyta Yellow-brown or goldenbrown 

algae 

Chlorophyll C1 + C2, 

Fucoxanthin 

Cryptophyta Cryptomonads Chlorophyll C2, Phycobilins 

Cyanophyta Blue-green algae Phycocyanin, Phycoerythrin 

Euglenophyta Euglenoids Chlorophyll B 

Phaeophyta Brown algae Chlorophyll C1 + C2, 

Fucoxanthin 

Pyrrhophyta Dinoflagellates Chlorophyll C2, Peridinin 

Rhodophyta Red algae Phycoerythrin, Phycocyanin 

Common Algal Pigments 
Pigments Organism Pigment Color 

Beta-Carotene Dunaliella salina Yellow- Orange 

Chlorophyll Chlorella sp. Green 

Fucoxanthin Phaeophytes Brown 

Phycocyanin Spirulina platensis Blue 

Phycoerythrin Porphyridium cruentum Red 

The advantages of using algae as the source of dyes and food colorants are: 

Nutritional Value

Eco-friendly

Non-Toxicity and 
Non-Carcinogenicity
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Conclusion 
These algal pigments have high nutritional value and does not involve in any harmful effects to the 

environments and it is certified as safe. Investing in these fields would both increase profitability and 

reduce wastage of resources (in the form of expelled biomass) for those involved in alga culture. 
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Earth is the only planet where living beings were dwelling peacefully before the improvement of science 

and technology. Along with the step up, there is a drastic change in the earth’s climate. Climate is one of 

the significant complex factors which influence the whole world. Climate includes several basic components 

such as temperature, rainfall, atmospheric humidity, wind, hail storms, etc. Earth faces different disasters 

at different climatic conditions viz Volcanoes-eruptions, Flooding, Tsunami, Earthquakes, Landslides, Dry 

spell, Weathering of rocks etc. Starting from the agriculture production (which needs optimum temperature 

and rainfall) because seasons are based on climate only; to the high-tech machinery production (which 

needs high temperature). Before the invention of automobiles, we used bicycle for our daily need which is 

not releasing any hazardous gases. Once the automobile facility reached peak both in the production and 

usage, the emission of greenhouse gases also increased simultaneously. These greenhouse gases emitted 

from the automobiles, industries which severely affects the ozone layer which is positively impacts on global 

warming. 

The basic remedies to maintain our earth is, we have to reform the earth to its own nature; with the use of 

same Science and Technology to change, modify or transform our earth to its original form. 

Planting tree is made to be mandatory. Afforestation-growing of trees; to be encouraged by the government 

of India to each and every citizen. ‘‘Right to vote” is compulsory for the Indian citizen who completed 18 

years likewise ‘‘Right to plant” is made to be compulsory for the 5 years old kid to 90 years old men/women. 

Encouraging the school and college students to plant and maintain the trees. Donate plant samplings on 

the festival days, birthday parties, marriage and official meetings. It is not that planting the trees alone, it 

is worth when it is monitored periodically. Planting trees on the highways will reduce the toxic level of the 

pollutants. The plants such as, Nerium, Neem, Tamarind. Hereby, the noise pollution and air pollution will 

be reduced. Reconstruction of ponds and lakes in the village thereby will improve the ground water 

availability. Growing of deep-rooted plants on the banks of river will help in maintaining the soil erosion 

and reduce the leaching. These trees will be the dwelling place of many birds and animals which is a part 

of our ecosystem. Thereby, the birds will transfer seeds from one place to other.  

Adopt rain water harvesting system in homes, institutes, industries and everywhere. Avoid the wasting of 

water while brushing and bathing. Installing farm ponds/ Making of farm ponds in farms maintained the 

level of groundwater. This saved water is used at the dry spell. Use recycles and reuse policy, recycle the 

waste water and make use of it by forming kitchen garden and herbal garden in house and hospitals 

respectively. Thereby, we will harvest and consume fresh fruits and vegetables. The waste water from the 

industries is to be treated biologically and re-use for the definite purpose. Follow the Three R; Reduce, 

Reuse & Recycle strictly in all the aspects. The gas and water release from the large industries should be 

treated biologically and release into atmosphere and water reservoir respectively.  Government has to 

encourage the rain water harvesting system in all areas from villages to urban cities. Hereby we save the 

water, we save our biodiversity. 

Using the appropriate bioremediation methods to remediate the land and soil from the toxic pollutants. 

Rhizoremediation, Rhizofiltration, Phytoremediation, Phytovoltalization, Phytostimulation, 

Phytostabilization, Phytoextraction and sometimes genetic engineered microorganisms and plants are used 

to remediate the toxic pollutants. 

Use of alternative resources viz, Solar energy, bio-energy will reduce the pollution level and conserve the 

resources for future generation. Use the scientific way to produce plants. viz Tissue culture, Grafting & 

Budding Tissue culture used to produce a greater number of plants in a short time. As it facilitates to make 

and maintain the same age plants in the particular area, as garden e.g., Bamboo Park. Avoid or reduce the 
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use of plastics. Use of alternative biobased materials which is degraded biologically as early as possible. 

Use of automobiles is to be restricted and the public transportation is to be encouraged. 

Proper management of agricultural residues is necessary to conserve the resource and maintain the quality 

of the environment. The residues can be buried in the soil along with the plant debris in order to be 

decomposed by microorganisms. Establishing and encouraging the composting technologies will reduce the 

land pollution. Hereby the smog (which is produced during the crop residual burning) is avoided.  Use of 

insecticides and pesticides should be reduced. Use of biofertilizers, bio- stimulators to be enforced to the 

farmers all over India. 

Once the pollution level is maintained biologically, it directly correlates with the plants that we plant, 

simultaneously will maintain our earth as safe. 
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Summary 
Linseed, as it contains of α-linolenic acid (ALA, omega-3 fatty acid), lignans, and fiber is growing widely as 

an important functional food. As these compounds possesses the lipid modulating mechanism, anti-

oxidative capacity, and anti-inflammatory properties, hence allows bioactivity of value to the health of 

animals and humans through various components of this crop such as its oil, fibers and linseed lignans 

have remarkable health benefits such as in minimising the cardiovascular disease, cancer, diabetes 

arthritis, osteoporosis, atherosclerosis, autoimmune and neurological disorders. 

Protein content in the linseed known for its preventative and curative measure to the heart disease and 

also found to be supportive for the immune system. The nutritive profile of linseed along with the benefits 

of administering linseed or the individual bioactive components on human health and disease are discussed 

in this article. 

Introduction 
Linseed is known to be one of the oldest crops, cultivated since the beginning of civilization (Laux 2011). 

The Latin conversion to its botanical name is “very useful” and its scientific name is Linum usitatissimum. 

Small difference seems to be considered in using the terms linseed and flax. Linseed is used to describe as 

flax when it is used in the industry and feed purpose whereas Linseed is used when it is consumed as food 

by humans (Morris 2008). 

In the last two decades, due to the potential health benefits associated with some of its biologically active 

components, linseed has been the focus of increased interest in the field of diet and disease research. 

Linseed or flax (Linum usitatissimum L., 2n= 30, X = 15) belongs to the order Malpighiales which comes in 

the family Linaceae, and the tribe Lineae. 

In India, it accounts for the the second most important rabi oilseed crop which stands next to rapeseed-

mustard in area of sowing and production of seed. In Indian languages, linseed is popularly known as Alsi, 

Jawas, Akse bija etc. 

Functional Elements of Linseed 
Nutritionally linseed possesses many vital nutrients and nutraceuticals with promising health benefit for 

both human beings and animals. Linseed known to have contained eight essential amino acids, viz., 

isoleucine, leucine, lysine, methionine, phenylanine, threonine, tryptophan and valine. It also contains 

carbohydrates, vitamins and minerals. Among the functional foods, linseed has emerged as a potential 

functional food being best herbal source of omega –3 and omega –6 fatty acids (alpha-linolenic acid and 

linoleic acid respectively) better quality super molecule (protein), lignans, soluble fiber and phenolic 

compounds (Oomah, 2001).  Health experts asserted these nutrients and other found compounds for better 

health. One hundred thirty grams (approx.one cup) of ground linseed seeds provide near about 585 kcal 

energy, 53g total fat, 26.0g protein, high levels of dietary fibres (36.0g), total carbohydrate (38.0g) and all 

essential vitamins and minerals for human body. So, in these recent years, this crop has managed to attract 

considerable interest due to its nutritional composition which abundantly providing health beneficial 

components such as alpha linolenic acid, lignan and polysaccharides (Bozan and Temelli, 2008). Omega-3 

fatty acid (alpha-linolenic acid) a well-known substrate for the synthesis of longer chain poly-unsaturated 

fatty acids majorly eicosapentaenoic and decosahexaenoic acids, which regulates the biophysical properties 

of the cell membrane and are essential for normal cell functions (Preethi, 2009). 
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Table 1: Proximate composition of Linseed: 

Linseed 

product 

Weight 

(g) 

Common 

Measure 

Energy 

Kcal 

Total 

fat (g) 

ALA 

(g) 

Protein 

(g) 

Total 

CHO 

(g) 

Total 

dietary 

fibre (g) 

Proximate 

analysis 

100 - 450 41.0 23.0 20.0 29.0 28.0 

Whole seed 180 

11 

4 

1 cup 

1 Tbsp 

1 tsp 

810 

50.0 

18 

74.0 

4.5 

1.6 

41.0 

2.5 

0.9 

36.0 

2.2 

0.8 

52.0 

3.0 

1.2 

50.0 

3.0 

1.1 

Milled seed 130 

8 

2.7 

1 cup 

1 Tbsp 

1 tsp 

585 

36 

12 

53.0 

3.3 

1 

30.0 

1.8 

0.6 

26.0 

1.6 

0.5 

38.0 

2.3 

0.8 

36.0 

2.2 

0.8 

Linseed oil 100 

14 

5 

1 cup 

1 Tbsp 

1 tsp 

884 

124 

44 

100.0 

14.0 

5.0 

57.0 

8.0 

2.8 

- 

- 

- 

- 

- 

- 

- 

- 

- 

(Source: Morris, D. H. 2003. Flax: A health and nutrition primer. p. 12. Winnipeg: Flax Council 

of Canada) 

Proteins 
Linseed protein constitutes approximately 80% globulins (linin and conlinin) and 20% glutelin and the total 

protein content of linseed varies from 20 to 30%, (Hall et al. 2006). Linseed has associate organic compound 

profile like that of soybean and contains no gluten (Hongzhi et al. 2004; Oomah 2001). Though linseed 

protein isn’t thought of to be a whole protein because the presence of limiting amino acid. 

It conjointly contains peptides with bioactivities associated with the decrease in risk of cardiovascular 

diseases. Whole linseed, isolated proteins and linseed meals are wealthy sources of glutamic 

acid/glutamine, arginine, branched-chain organic compounds (valine and leucine) and aromatic amino acid 

(tyrosine and phenylalanine). The total nitrogen content found in linseed is 3.25 g/100 g of seed (Gopalan 

et al. 2007). 

Dietary Fibers 
Linseed fibers are one of the oldest fiber crops within the world. The employment of flax for the extraction 

of linen referred back at least to ancient Egyptian times. The skin of the stem of the plant is used for the 

extraction of fibre. Approximately 25 % seed and 75 % stem and leaves can be yielded from a linseed plant 

(Lay and Dybing 1989). Good mechanical properties and low density are the main characteristics of the 

linseed fiber which is a natural and perishable assembly. 

Linseed fiber found to be soft, lustrous and flexible; bundles of fiber have the looks of blonde hair, hence 

outlined as “flaxen”. Its relatively stronger than cotton fiber however less elastic (Singh et al. 2011). Flax 

fiber is additionally a required material for the high-quality paper business for the use of written banknotes 

and cigarettes paper for cigarettes and tea bags (Carter 1993). Flax fibers includes not only soluble but an 

insoluble dietary fibers also. 

The ratio of soluble to insoluble fiber ranges between 20:80 and 40:60. Insoluble fiber fraction majorly 

consists of lignin and cellulose, and the soluble fiber fractions are known for their mucilage gums. The 

mucilage is extracted with the help of water and showed sensible foam-stabilizing properties (Mazza and 

Biliaderis 1989). Mucilage gums being polysaccharides become viscous once mixed with water or different 

fluids and played a crucial role in laxatives (Singh et al. 2011). The ideal pH vary for viscosity of linseed 

mucilage is 6–8. Solely 10 g of linseed within the daily diet will enhance the daily fiber intake by 1 g of 

soluble fiber and by 3 g of insoluble fiber. Insoluble fiber helps to improve laxation and prevent constipation, 

mainly by improving faecal bulk and minimising bowel transit time. On the opposite hand, water-soluble 

fiber maintains blood glucose levels and reduces the blood cholesterol levels. 

Lignans 
These are the phenolic compounds generated by the association of two cinnamic acid residues. Lignans are 

ever present within the plant kingdom and are found in just about all plants (Tarpila et al. 2005). Lignans 
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known for antioxidants as well as phytoestrogens. Weak estrogen activity in animals and humans is 

recorded for Phytoestrogens. Linseed holds up to 800 times more lignans than alternative plant foods 

(Mazur et al. 1996; Westcott and Muir 1996). 

Matairesinol (0.55 mg/100 g), lariciresinol (3.04 mg/100 g), secoisolariciresinol diglucoside (SDG) (294–700 

mg/100 g), and pinoresinol (3.32 mg/100 g) are the principal components of lignan which present in linseed.  

Besides lignans, alternative phenolic compounds found in linseed are ferulic acid and pcoumaric acid 

(Strandas et al. 2008). 

The SDG occurs in linseed and other foods is transformed by bacteria in the gut to the lignans- enterodiol 

and enterolactone which can procure health benefits due to their week antiestrogenic or estrogenic along 

with antioxidant effects. Flax lignans have shown promising effects in reducing growth of cancerous 

tumors, particularly hormone-sensitive ones such as those of the breast, prostate and endometrium (Tham 

et al. 1998). 

Minerals 
In relevance to composition of minerals, the contents of magnesium, calcium and phosphorus are focused, 

7 % to 30% of the recommended dietary allowances (RDAs) for these minerals constitutes in a 30g portion 

of the seed. Proximate content of various minerals is shown in Table 1. 

Linseed has considerable amount of potassium (K) content which is high comparable to those of counselled 

sources such as banana on a dry-matter basis. Stroke incidence, blood platelet aggregation, oxygen-

scavenging free radicals in blood and vascular smooth muscle are reciprocally associated with proliferation 

of high K intake (Carter 1993). 

Functional Food Revolution 
The foods which give a selected health benefit to the consumer over and above their nutritional value are 

called as Functional foods. Functional foods are comparatively recent developments that joints a 

strengthening consumer demand for foods that would enhance health and wellbeing. Linseed being rich in 

ω-3 fatty acids, fibers and lignans give the trade with a superb alternative in developing the value-added 

food products. Linseed products are increasingly used as functional foods and nutraceuticals because of the 

increasing rate of obesity and different chronic diseases in societies (Watkins et. al. 2001). 

Conclusions 
Based on the data, it’s evident that linseeds are the richest supply of α-linolenic acid and lignans. It is 

conjointly a substantial potential source of antioxidants, soluble fiber and high-quality super molecules. Its 

long journey from being a medication in earlier time to the source of health food in 21st century has opened 

the doors for an outsized population. 

The role of linseed lignans and ω-3 fatty acid in reducing the risks related to cardiac and coronary disease, 

cancer (breast, colon, ovary and prostate) and different human health risk factors has been well known. 

When healthy heart is one in all the foremost desired and extremely demanded health benefits from 

functional foods; and where food industry’s goal is to develop innovative solutions to address nutritional 

challenges, linseed is going to play an important role for the same. 
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Introduction 
Biochar is a carbon-rich, fine-grained solid porous by-product material, when biomass (e.g., agricultural 

crop residues, wood, waste, raw materials, like forest, animal compost, and plant residues etc.) is subjected 

to thermo-chemical conversion process known as pyrolysis. Here the biomass is heated through the process 

of pyrolysis in an oxygen-depleted or oxygen-less environment (Chia et al. 2012). Biochar can be prepared 

by three pyrolysis systems as slow, fast and gasification. Slow pyrolysis involves heating of biomass in the 

absence of oxygen at temperatures of in between 350 to 600°C by means of gentle heating rates and 

extended residence times. In contrast fast pyrolysis is a process involving rapid heating of small biomass 

particles, in seconds; at high temperature in the absence of oxygen. (Bridgwater, 2012; Mohan et al., 2006). 

Gasification can be regarded as distinct form of pyrolysis and combustion, where limited amounts of oxygen 

is used at an elevated temperature in the range of 800-1000˚C (Panwar et al., 2012). One more process is 

used to manufacture biochar is hydrothermal carbonization (HTC) better known as wet pyrolysis. 

Type of Biochars 
Biochar is highly heterogeneous matter with a diverse range of properties. To allow estimation of biochar 

properties, this study classifies 6 types of biochar according to the predominant type of biomass used in its 

production:   

1. Lignin-rich biochar: formed from biomass of high lignin content as any tree part, wood, sawdust etc.  

2. Cellulose-rich biochar: formed from biomass high in cellulose including grasses, straws, grains etc. 

3. Nuts/shell biochar: formed from material that protects nuts such as husks and shells.  

4. Manure/Waste biochar: originated from pyrolysis of manures, biosolids or any green waste.  

5. Algae biochar: shaped from fresh and seawater algae.  

6. Black carbon: other biochar produced from biomass not involved in the above classes and black carbon 

forms formed naturally. 

Why Biochars are Important in Soil / Agriculture? 
The heat treatment pays to biochar its large surface area and its characteristic ability to stick around in 

soils with changeable biological decay, having half-life reaching from decades (Nguyen and Lehmann, 2009) 

to centuries (Zimmerman, 2010). Theoretically, biochar can serve many-sided roles in soils directly and 

indirectly. Biochar can perform as a soil conditioner or soil amendment to enhance the soil quality, augment 

plant growth by providing nutrients, and hold nutrients. By the way, a clear positive feature of biochar is 

its nutrient value, provided either directly by providing nutrients to plants or indirectly by improving soil 

environs, with consequential enhancement of fertilizer use and thus enhances fertilizer use efficiency. 

Composition and availability of nutrients from biochar is a function of both the nature of the feedstock and 

the pyrolysis environment (Bera et al., 2017). Biochar helps to upsurges crop production and reduce 

nutrient leaching (Parvage et al., 2013). Biochar too provides other facilities for example improving soil 

physical and biological properties (Lehmann and Rondon, 2005; Purakayastha et al., 2015; Purakayastha 

et al., 2016; Bera et al., 2019). Furthermore, biochar can modify morphology of the root of crop plants in 

terms of supporting the fine root proliferation and thus increasing the specific root length and decreasing 

both root diameter and root tissue density. The enhanced root conditions help plants to utilize more soil 

volume yet under nutrient-starving soils (Olmo et al., 2016). Biochar also improves the water retention 

properties of soil and enhance the soil's ability to retain nutrients (Rens et al., 2018). It may perhaps modify 

various soil properties on account of changes in pore size distribution, flow paths of soil solution and 

residence time of nutrients (Major et al., 2009). 
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Conclusions 
A thermo chemical or pyrolytic conversion of biomass into, carbon-rich, fine-grained solid porous by-product 

material, biochar (three pyrolysis systems as slow, fast and gasification), provide it a huge amount of C and 

surface functional group, large surface area, high nutrient value and its characteristic ability to stick 

around in soils with changeable biological decay, along with  half-life reaching from decades to centuries. 

All these properties of biochar provide it a good place in agricultural practices as conditioned soil, improved 

soil’s physical properties, nutrient availability over a period, upsurges crop production and reduce nutrient 

leaching. 

In general, biochar can possibly adjoin a holistic aspect for improving the soil quality and health which will 

surely affect the quality and productivity of crop. Biochar application in soil have many other benefits 

including soil carbon sequestration. 
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Introduction 
Seaweeds are now being given various names viz., future food, growing food, superfood, secret food, and 

several other words for many days because of their nutritional value to humans. It has been in use for the 

past 1500 years in Japanese cuisine as a rich source of vitamins, minerals, and fiber. They are typically 

the medium size and are categorized as red, brown, and green based on colour. It is considered a 

powerhouse of vital minerals, including magnesium, calcium, copper, and potassium. The humble and 

tender food product from seaweed is also a gem of phytonutrients, antioxidants, and fiber needed by the 

human body. Seaweeds are also used as fertilizer in agriculture and horticulture, livestock feed, 

aquaculture feed, etc. 

Seaweed Diversity and Production 
Global seaweed production stands at 30,1 million tonnes, with 95% cultivation and the remaining 5% from 

the wild collection (FAO, 2018). The top seven countries with global seaweed production are China, Japan, 

Korea, Indonesia, Philippines, Malaysia, and Vietnam. In India, 865 seaweed species with a maximum of 

442 Rhodophyta followed by 212 Chlorophyta and 211 Phaeophyta have been reported. Many locations 

along the Indian coastline are booming with seaweeds, especially Gujarat, Maharashtra, Tamil Nadu, 

Lakshadweep, and Andaman and Nicobar Islands. In Gujarat and Tamil Nadu, 366 seaweeds species have 

been recorded, accounting for almost half of all seaweeds in India. Agar and alginate are derived from 

seaweed collected from wildlife, while carrageenan is obtained from the exotic Kappaphycus alvarezii, 

which is being cultured. From these harvested seaweeds, 30-35% are utilized by small scale factories for 

the production of phycocolloid, generating about 360-540 metric tonnes of alginates and 110-130 tonnes of 

agar-agar. Most food companies harness these phycocolloids for gelling, water preservation, emulsification, 

and other physical properties. 

Benefits of Seaweed Consumption 
Seaweeds have glycoprotein that is renowned for its anti-cancer effects. According to the study, daily 

seaweed intake tends to suppress cancer-promoting hormones. They are also rich in iodine, essential for all 

age groups, important for the brain and pituitary gland, besides proper thyroid functioning. The presence 

of fucoxanthin and alginic acid in seaweed decreases fat deposition by reducing weight loss and anti-

diabetic effect, respectively. These compounds also make it ideal for nutritional tablets, as it promotes 

digestive enzyme release and enables nutrient absorption. Seaweed extracts are used to manage dental 

cavities, and anti-inflammatory properties help enhance salivary glands. Alginate is an important 

detoxifier that cleanses the body and helps to excrete radioactive waste. Regular use of seaweeds in the 

diet helps minimize triglycerides and cholesterol in the body, resulting in a safe heart. 

Seaweed Consumption in India 
The direct seaweed intake in India is almost insignificant except Kerala and Tamil Nadu, where Gracilaria 

and Acanthophora used for traditional porridge preparation. Unknowingly, though, citizens use seaweed 

products every day as process food ingredients in dairy products and domestic foods. Gelidiella acerosa and 

Gracilaria edulis are cultivated for agar production, while Sargassum and Turbinaria are the raw material 

for the production of alginate. The Gulf of Mannar and Palk Bay coasts are extremely active regions for the 

industrial selection of agarophytes and alginophytes.  

Seaweed is a rich nutrient source such as vitamin C, A, E, B12 and good antioxidant properties. It may be 

part of a keto diet owing to its low carbohydrate amounts. The growing Indian population needs a cheaper 

nutrition-rich diet, and seaweed is one option to meet that demand. Seaweed is a traditional food in many 

East-Asian and Southeast Asian countries, such as China, Indonesia, Japan, etc. Ample resources, rapid 
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growth, high efficiency, lack of dependacne on land, fertilizer, or pesticide make it a significant food source 

in East and Southeast Asian foods. The Indian style of food is based on ancient and conventional words 

such as Ayurveda. Ayurveda classified the diet into three groups. The first one is 'satvik,' which is 

preferable, the second 'rajasik', which should not be favoured, and the third is 'tamasik' that should be 

stopped. While Ayurveda stated the value of seaweed as a medicine, it is called 'tamasic' food. It was 

challenging to achieve cultural recognition of seaweed as food on this backdrop until this period. Many 

international food dishes, including Chinese and other country dishes, are becoming popular day by day, 

which is slowly paving the way for the entry of seaweed-based foods in the Indian diet, and hopefully, in 

the future, seaweed can also be part of regular Indian diet. 

 

 
Seaweed food products 
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Introduction 
Water hyacinth is a free-floating perennial aquatic plant with beautiful lavender to pink flowers. It can be 

easily observed in more or less most of the fresh water bodies like ponds, pools, ditches, lakes etc. It may 

rise above the surface of the water as much as 1 meter (3 feet) in height. One of the fastest-growing plants 

known, each plant additionally can produce thousands of seeds each year, and these seeds can remain 

viable for more than 28 years. This plant was introduced in America in 1884 and in Indian sub-continent 

in 1896 from Brazil through the Bay of Bengal. It is commonly called as the world's worst aquatic weed & 

sometimes termed as economic drain due to its ability to cover whole waterways. When water bodies are 

full of this aquatic plant, people find it difficult to use the water for both agricultural and human 

consumption & also it creates problems for fish culture. Due to its troublesome nature, it is also referred 

as a 'Demon', 'Blue devil', 'Bengal terror', 'Curse of Bengal', 'Million dollar weed and 'Cinderella of the plant 

world'. 

 

Despite of its obnoxious nature, its utilization for combating aquatic pollution and resource recovery cannot 

be ignored besides its application in the field of food, feed, fibers, fuels and fertilizers. This invasive aquatic 

weed has been proved to be boon for human civilization due to presence of high energy and protein content. 

Its utilization not only solves the environmental problems but also used as a low-cost treatment technology 

for absorbing various kinds of pollutants like heavy metals and organic wastes from water and improves 

the water quality. Additionally, its good quality fiber is used for preparing many furniture and decorative 

items which are generating employment and empowering women. 

The Applications of Water Hyacinth are as Follows 
Mulch and Soil Amendment Agent: The dry matter obtained from water hyacinth can be used very 

conveniently to check evaporation losses of soil moisture, is the cheapest source to improve soil texture and 

to support the desired plant growth, especially in dry cropping areas. Addition of organic matter like water 

hyacinth along with calcium phosphate or bone meal or coal ash has been found useful for permanent 

reclamation of alkaline and saline soils. 

Green Manure and Compost: It is a good organic fertilizer and soil conditioner because of its high 

nitrogen, potassium, phosphorous and mineral contents as well as its high moisture retention properties 

could improve the condition of even sandy soils.  

Chemical composition of water hyacinth (per cent dry basis): 

N P K Ash Ca S Mg Fe Zn 

1.61 0.31 3.81 19.2 1.66 0.56 0.56 2772* 58* 

*Values reported in ppm                                                                               (Parra & Hortenstine, 1974) 
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Source of Biogas: It can produce biogas, containing 60-80 per cent methane, which is a promising 

substitute for natural gas, using it singly or as a supplement to cow dung. A hectare of water hyacinth fed 

on sewage nutrients can provide up to 0.9-1.8 tons of dry matter per day. This biomass can produce 220-

440 m3 of methane with a fuel value of 7-14 million BTU (Patel, 1977). This would indirectly save all the 

dung presently being used as a fuel in the form of 'gobar', which could be available for making farm yard 

manure. 

Chemical Compounds and Drug Intermediaries: This plant can be used in treatment of skin diseases 

and goiter; additionally, it is being used as a source of stigma sterol, an important starting material for 

conversion to biologically active steroids having definite role in medical field. 

Paper Pulp and Fiber: Water hyacinth has also found its use in producing fibers and pulp for paper. The 

use of water hyacinth in manufacturing of paper pulp has received greater attention. Pulping can be done 

after mixing with calcium oxide or caustic soda. The cellulose content in water hyacinth has been reported 

to vary from 40-50 per cent (Boyd, 1972). The quality of cellulose of water hyacinth is considered as good 

as that of cotton. The CSIR Regional Research Laboratory, at Jorhat has already developed a suitable 

technology for rough paper making from water hyacinth on commercial scale, particularly as cottage 

industries. Sometimes the leaves are beaten directly to make a sheet or web. Tiles can be prepared by 

mixing water hyacinth with cement and whitener. In Thailand, its leaves are used as cigar wrapper and 

for preparing plastic molded materials like furniture, electric insulation boards, radio cabinets etc. and in 

Europe, fair quality of brown wrapping paper have been made by using water hyacinth pulp. 

Pollution Abatement Agent: It has been found that water hyacinth reduces quantities of suspended 

particles, algae, dissolved impurities, nitrogen, phosphorous and other nutrients. Water hyacinth can be 

used as an anti-pollutant in treatment of industrial effluents before releasing these into water bodies. If 

properly planned, water hyacinth plantation in the treatment tanks could be a very economical proposition 

for treatment of effluents before their release in the eco system. It is observed that water hyacinth has 

unique quality for absorption of metallic compounds at a very high rate, compared to its body weight. It 

could prove useful in treating effluents polluted with toxic heavy metals by rapidly absorbing gold, silver, 

cobalt, strontium, cadmium, nickel, lead and mercury. Water hyacinth can absorb or metabolize phenols 

and other trace organic compounds of the commodity found in the drinking water supplies of many large 

cities. 

Charcoal briquetting: This troublesome aquatic weed can be used in charcoal briquetting industry which 

can provide an alternative source of income as well as biomass which will reduce health risk due to its 

nuisance role in addition to alleviation of pressure on other biomass fuel sources. 

 
Fig: By-products of water hyacinth 



 

 
Volume 3 - Issue 6 - June 2021       657 | P a g e  
 

Carbon dots: Researchers from Assam have used this commonly found invasive weed to produce carbon 

dots. The leaves of this plant are harvested, chlorophyll is removed, dried and then it is powdered and this 

sieved powder undergoes several treatments including heating at 150 degrees Celsius to convert it to carbon 

dots. These extremely tiny particles can be used for detecting a commonly used herbicide i.e., pretilachlor. 

Furniture and Handicrafts: Water hyacinth can be transformed into furniture and craft with high 

selling value. Some crafts that turned out to be made with this plant are bag, sandal, hat, table cloth, wall 

clock, busket, dresses etc. 

Conclusion 
We should not curse water hyacinth as a noxious aquatic weed but thank nature for providing such a nice 

tool for utilizing this weed in various activities without harming the nature. It can be used as a tool for 

socio-economic upliftment of common people and also for women empowerment. Water hyacinth for any of 

its use deserves special consideration in the national interest. 
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Introduction 
Plastic is an indispensible material in the modern human life. Due to its moldable and resilient nature it 

is used in manufacturing a variety of products. Ironically, the non-biodegradability of plastic has turned it 

into a major pollutant. 

High tensile strength, high molecular weight, inertness, hydrophobic composition, complex 3-D structure 

and the addition of stabilizers are leading to plastic's indestructibility. The conventional methods for 

treating plastic waste have several demerits, one of which is the continuous environment pollution caused 

by secondary pollutants. 

Therefore, we require an alternative approach to deal with plastic waste that does not result in any further 

harm. Recent research has opened a new door in the form of plastic biodegradation, which can now be 

accomplished by insects. 

Plastic Biodegradation by Insects 
Biodegradation is the gradual breakdown and assimilation of polymers by living organisms to produce 

carbon dioxide, water, methane, and biomass. In recent years, scientists have discovered a variety of 

bacteria, fungi, insects and other species capable of degrading multiple forms of plastic, including 

polyethylene, polystyrene, polyurethane and even PVC (Table 1). 

Table 1: Different types of plastic and organisms degrading them 

Plastictype Bacteria 

LDPE Bacillus spp, Brevibacillus borstelensis, Streptococcus sp, Staphylococcus 

sp, Micrococcus sp, Pseudomonas sp 

Polyurethane Bacillus sp 

PVC powder Pseudomonas aerginosa 

Degradable polyethylene Rhodocorrous ATCC 29672, Nocardia steroids GK911 

Polystyrene Actinomycetes sp 

Polypropylene E. coli, Vibrio sp, Pseudomonas sp 

 Fungi 

LDPE Penicillium pinophilium, Aspergillus niger, Fusarium sppAF4, Mucor spp 

HDPE Aspergillus spp 

Plasticized PVC Aureobasidium pullalans, Rhodotorula aurantiaca, Kluyveromyces spp 

 Insects 

Polyethylene Plodia interpunctella, Galleria mellonella, Tenebrio molitor, Corcyra 

cephalonica, Achroia grisella, Zophobas atratus, Cnestus mutilates 

Polystyrene Tenebrio molitor, Zophobas atratus 

Polyurethane Gryllus bimaculatus 

PVC Tenebrio molitor 

Scientist are now increasingly interested in discovering insects with the ability to degrade plastic and the 

extent to which this ability exists. Jung Yang, an environmental scientist at Beijing University, China, was 

the first to publish such a research. 

In 2014, Yang et al conducted an experiment where they reared larvae of Indianmeal moth (Plodia 

interpunctella) and isolated 2 gut bacteria strains- Enterobacter asburiae YT1 and Bacillus spYP1. After 

60 days of rearing the bacteria on polyethylene (PE) films, they observed pits in the film of size 0.3 μm 

made by YT1 strain and 0.4 μm made by YP1 strain.  
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The bacteria were able to harm the physical integrity of the PE films by reducing its tensile strength and 

molecular mass and also reduced its hydrophobicity by 30%. The scientist thus claimed the two bacterial 

strains to be responsible for degrading polyethylene in mealmoth larva. 

Again in 2015, Yang demonstrated the ability of yellow mealworm larva (Tenebrio molitor) to degrade 

polystyrene. He isolated two strains of gut bacteria- Exiguobacterium sp YT2 and Chryseobacterim sp YT3 

and reared them separately on a diet of bran and styrofoam (polystyrene). After 16 days he observed that 

the ingested polystyrene was assimilated to biomass and 47.7% of PS carbon was converted into carbon 

dioxide. 

The bacteria had decreased the hydrophobicity of residual PS surface and also decreased the average 

molecular weight of treated PS film. Another example of successful plastic degradation is observed in Rice 

moth (Corcyra cephalonica). The larvae of rice moth can degrade low density polyethylene even in the 

absence of gut microbes. 

This was proved in an experiment conducted by Kesti and Shivasharana where ricemoth larvae fed with a 

mixture of antibiotics caused 21% weight reduction in PE films while another group to which antibiotic 

mixture was not fed caused a weight loss of 25%. In the case of Greater waxmoth (Galleria mellonella) both 

gut fungi, Aspergillus flavus and the insect are equally involved in plastic degradation. According to 

Bombelli et al 100 waxworms could break down an average of 5.5-gram plastic bag in a month. 

This ability of waxworm to feed on plastic is attributed to the similarity in chemical structure between 

plastic and wax, a major component of bee hive. The wax in bee hive consists of long fatty esters and 

hydrocarbon chains, just like plastic which is a polymer of long chain hydrocarbons and fatty acids. 

Abundant genes present in the insect are responsible for initial breakdown and oxidation of fatty acids 

during plastic metabolism. Christophe MR. LeMoine, Harald C. Grove, Charlotte M. Smith and Beyan J.  

Cassone gave a hypothesized model of plastic degradation inside the larval gut where microbes process 

LDPE with key enzymes like CYP, ADH, and ALDH and further decompose the resultant alkane chains 

into carboxylates. Fatty acids are subsequently stored or undergo β oxidation and Krebs cycle to produce 

metabolic energy. Thus, the insect is able to obtain energy from plastic the same way it obtains from eating 

wax. 

Effect of Plastic Consumption on Insect Health 
Plastic consumption can make positive, negative or even neutral effect in insect health. Only those insects 

with advanced metabolism or a diverse set of enzymes can degrade plastic. This diversity of enzymes can 

be contributed by special strains of gut microbes or by the insect itself. 

Any other insect that lacks the necessities will face detrimental health effects or even death upon 

consuming plastic. For example, greater waxmoth can obtain energy by consuming plastic due to the 

structural similarity of plastic and bee hive wax. But plastic lacks any nutritional value and so cannot 

sustain the insect’s continued growth. 

In terms of plastic toxicity, when two populations of Tenebrio molitor and Zophobas morio were reared on 

styrofoam sheet for 30 days, none of the two insect groups faced any cytotoxicity or negative effect on their 

gut cells. In fact, Tenebrio molitor developed higher body protein content, while Zophobas morio did not 

show any significant difference. 

Some insects like Tenebrio molitor larva can excrete out toxic additives in plastic products, like HBCD, 

without having any negative health effects. The bacteria living in the insect gut plays the main role in 

concentration and removal of HBCD. 

How to Use Insects in Plastic Degradation? 
The use of insects in plastic waste management is not practiced yet, as it is still a new concept. 

Nevertheless, this plastic devouring ability of insects and their gut microbes can be researched upon for 

application with future technology. 

1. Use of insects to degrade high density plastic which cannot be managed safely by conventional methods 

(e.g., PVC). 

2. Successful identification of responsible gut microorganism and devising methods of isolation and rearing. 
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3. Identification of enzymes which the insects use for complete degradation of plastic. Synthetic mass 

production of the same. 

4. Study of eco-physiological and symbiotic relation between the gut microbes and their host to understand 

and improve the internal environment of the host for multiplication of gut microbe population. 

Conclusion 
The diversity in insects and their gut microbes paves a way for degrading a variety of plastics which was 

not possible before with the conventional methods. Degrading plastic within the insect gut releases none 

or only a small number of secondary pollutants, enabling insects to manage plastic waste in an eco-friendly 

and environmentally safe manner. 
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Introduction 
In Sehore district majority of the farmers are either small or marginal, the income from agriculture sector 

in their farm is not at all sufficient to run their families. Due to fragmentation of land holdings, even after 

adoption of improved agricultural technology and practices, their economy condition has not improved. In 

general, the crop husbandry alone under the vagaries of nature cannot improve the living standard of the 

rural areas. Livestock forms an integral and sustainable part of rural household system. Dairy 

entrepreneur generates cash income to farmers almost on a daily basis, besides being a source of liquidity 

and insurance against crop failure. 

 

Brief Profile 
Name Mr. Shailendra Verma 

Address Village- Lasudiya Kangar, Block- Ichhawar, District- Sehore (M.P.) 

Mobile No. 9131229148 

Age 27 years  

Education 12th 

Land holding 07 Acre 

Farming Experience By birth 

Cropping pattern Soybean – Wheat 

Soybean – Chickpea 

Live Stock Buffalo (Murrah)                                           – 07   

Cows  (Sahiwal, Tharparkar & HF cross )    –  09 

Calf                                                               –  04 

Technologies adopted Breed improvement 

Balance feeding with round the year fodder production 

Health management  

Housing Management 

Description of Entrepreneurship 
Village Lasudiya Kangar is situated 8 Kms. from Tehsil – Ichhawar and 3 Kms. from Krishi Vigyan Kendra. 

Mr Shailendra Verma 27-year-old & passed 12th & he was searching government service. He was 

participating in Krishi Vigyan Kendra activity & contact to KVK scientist. He was inspired with thought 

of KVK scientist & established improved dairy.  
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Mr Verma was established in modern dairy & he is focus on breed improvement, hosing management of 

animal, balance feeding with round the year production of green fodder. He obtained average 64.33 Liter 

milk production per day. Presentably he was motivated for organic farming. He prepares bio gas & 100 % 

cow dung is use as manure in crop. He observed the impact of organic manure in crop, the crop growth is 

good & enhance the productivity & reduce the cost of cultivation. Mr. Shailendra Verma gets success and 

satisfies with the Dairy farming. Farmers of village Lasudia Kangar and nearby also inspired by Mr. 

Shailendra. He got recognition in local area and well-known Youth farmers for diary management. He was 

also awarded by State department of Animal Husbandry & Veterinary Services in Gopal Puraskar in Block 

as well as District level. 

How to Use Insects in Plastic Degradation? 
The use of insects in plastic waste management is not practiced yet, as it is still a new concept. 

Nevertheless, this plastic devouring ability of insects and their gut microbes can be researched upon for 

application with future technology. 

1. Use of insects to degrade high density plastic which cannot be managed safely by conventional methods 

(e.g., PVC). 

2. Successful identification of responsible gut microorganism and devising methods of isolation and rearing. 

3. Identification of enzymes which the insects use for complete degradation of plastic. Synthetic mass 

production of the same. 

4. Study of eco-physiological and symbiotic relation between the gut microbes and their host to understand 

and improve the internal environment of the host for multiplication of gut microbe population. 

Out Come of Entrepreneurship 
Mr. Shailendra Verma is established good dairy with regular contact with Krishi Vigyan Kendra he 

observed more profit with adoption of latest technologies in dairy. He also gains organic manure which is 

used in crop & they found reduce the cost of cultivation in crop & enhance the net profit. 

Economic Impact 
Year Name of 

enterprises 
No of animal Average total 

Milk yield 
(Ltr/ Day) 

Total income Net Income 

2014-15 Dairy Cow- 08 
Buffalo – 06 

58 Rs 1740/ Day Rs 1044 per Day 

2015-16 Dairy Cow- 09 
Buffalo – 06 

64 Rs 1920/ Day Rs 1270 per Day 

2016-17 Dairy Cow- 09 
Buffalo – 07 

71 Rs 2130/ Day Rs 1405 per Day 

Mean - - 64.3 Rs 1930/ Day Rs 1274 per Day 

Conclusion 
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Dairy farming gives employment to the farmers and provides additional income to the rural communities. 

The success of Mr. Shailendra Verma has also motivated many farmers and other unemployed youths have 

come forward to start this enterprise in their village. The success of the scientific dairy farming needs to 

be popularized to address the issues for enhancing household income and socio-economic status of farming 

community. 
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Panama Wilt Disease/Vascular Wilt: Fusarium oxysporum f. sp. cubense 
Symptoms: The disease initiates with yellowing of the lower most leaves and yellowing extends upwards 

and finally heart leaf alone remains green. The leaves break near the base and hangs down around the 

pseudostem. Longitudinal splitting of pseudostem could be seen in the severely affected plants and the cut 

stem smells like rotten fish. Upon splitting, the affected plants show discolouration of conducting vessels. 

Brown radiating mycelial strands could also be seen in the corms. 

 

Survival and spread: Continuous cultivation results in buildup of inoculum. The fungus survives in soil 

as chlamydospores for longer periods and spreads through irrigation water. 

Survival and spread: Continuous cultivation results in buildup of inoculum. The fungus survives in soil 

as chlamydospores for longer periods and spreads through irrigation water. 

Management: 

a. Varieties like Rajavazhai, Peyladan, moongil, Poovan shows resistance. 

b. Capsule application of carbendazim @ 60 mg/capsule/tree at 2, 4 and 6 months after planting may 

be followed. 

c. The capsule is applied in the corm by making a hole at 45° angle at a depth of 10 cm. Also, the 

capsules may be filled with Pseudomonas fluorescens @ 60 mg/capsule and used. 

d. Pseudostem injection with 3 ml of carbendazim at 0.1% could also be tried. 

e. Flood fallowing for 6-24 months reclaims the infested fields/soil. 

Sigatoka Leaf Spot: Cercospora musae (Mycosphaerella musicola) 
The disease was first reported from sigatoka valley in Fiji during 1914: 

Symptoms: First symptoms are seen on the leaves as light yellow or brownish green elongated narrow 

streaks. The center of the spots becomes necrotic and grayish surrounded by dark brown band and yellow 

halo. Later the spots coalesce and cause drying of leaves. 
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Survival and spread: The fungus survive in the infected banana leaves and the secondary spread is by 

windborne conidia of the fungus. 

Management: 

a. Spraying copper oxychloride 2kg or Carbendazim 500g or Mancozeb 1.25kg or Captan 1.25kg or 

Ziram 1.25kg / per ha controls the disease. In severe case, Tridemorph + 

b. Carbendezim 0.1 % combination can be sprayed with wetting agent, such as teepol or kadhi soap. 

Avoid planting at close spacing, removal and destruction of affected leaves. 

Anthracnose 
Symptoms: Gloeosporium musarum 

The entire fruit, stalk and buds are affected. The fungus produces masses of conidia and the skin at the 

distal end of the finger turns black and covered with pink acervuli. The affected bunch becomes black and 

the fruits get shriveled. The fungus produces two types of infection. They are non-latent and latent. Latent 

infection originates in field condition and non-latent infection develops after harvesting. 

Survival and spread: The disease spreads through airborne conidia. 

Epidemiology: Cavendish varieties are susceptible to the disease. A temperature of 30-35°C and relative 

humidity of above 85% is optimum for disease development. The incidence will be severe during June-

September when the temperature is high. 

Management: Spraying copper oxychloride 0.25 or per cent Bordeaux mixture 1 per cent before harvest 

helps to control the disease. After harvest dipping of fruits in benomyl 1000ppm checks the disease. Banana 

bunches should be harvested at the correct stage of maturity. 

Freckle Leaf Spot: Phyllostictina musarum 
Symptoms: Initially brown to dark brown minute black spots appear on leaves and fruits. Spots are 

abundant on the upper surface of leaves and are raised. In advanced stages the affected leaf turns yellow. 
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On the fruits the pathogen is confined to the skin and severe infection reduces the marketability of the 

produce. 

 

Survival and spread: The fungus produces pycnidium and pycnidiospores and the spores are 

disseminated by wind 

Management: Spraying copper oxychloride 0.25 per cent or Bordeaux mixture 1 per cent effectively 

controls the disease. 

Banana Bunchy Top: BBTV 
The disease was first reported from Srilanka in 1940. It is otherwise called as curly top or cabbage top 

disease. The disease is caused by: Musa virus 1 or Banana bunchy top virus. 

Symptoms: The affected plants are extremely stunted. The leaves of the affected plants stand upright 

become brittle and many leaves are crowded at the top. The leaves become chlorotic and are reduced in 

size. Dark broken bands of green tissues appear on the veins, leaves and petioles. 

 

Survival and spread: The hill banana varieties (Virupakshi, Harisal) are susceptible to the disease. The 

disease is transmitted primarily by infected suckers. Secondary spread is through the aphid vector 

Pentalonia nigronervosa (Black aphid). 

Management: 

a. Infected plants should be destroyed in situ using 4ml of 2, 4, D (50g in 400 ml of water) solution. 

b. The plants should be injected with Fernoxone solution (4 ml). 

c. Use proper virus free planting materials. 
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Introduction 
Seed is the essential thing in crop production. From the past seed quality is regarded  as a cardinal 

component within the  development  of  agriculture  and  evidences  of  this  has  been determined. Quality 

seed is a crucial problem for better yield in crops. Use of alternative inputs such as pesticides, fertilizers, 

manures and so on relies upon on the standard of seed used. Low-input agriculture in marginal regions of 

developing countries faces prolonged demanding situations in the course of crop improvement. A key degree 

in crop growth is seed germination, that is commonly strained by abiotic factors which includes excessive 

temperatures and soil crusting, which could bring poor seedling establishment. This is often exacerbated 

through low soil fertility, salinity, drought, pests and diseases, which ultimately leads to reduced yields. 

Over the last twenty years, the potential of seed priming, a standard, inexpensive technique, consisting of 

soaking seeds in water before sowing, has been applied totally to different crops and situations with 

variable degrees of success. 

Seed Priming 
Priming is a pre-sowing seed treatment in which seeds are partially hydrated. After that there is initiation 

of germination process with no evident of emergence of root. Use of primed seeds leads to increase in 

germination rate, high germination uniformity, vigorous growth, early flowering and higher yield can be 

observed. According to Choudhary et al. (2008) it is the controlled hydration of seed that restricts 

germination, but permits pre germinative physiological and biochemical changes to occur. 

Priming Methods 
Different priming methods are offered to increase seed germination. Hydro-priming is achieved by soaking 

seeds in water. In osmo-priming, osmotic solutions having low water potential are used to control water 

uptake whereas in halopriming seeds are soaked in solutions of inorganic salts. 

 

Seed Priming Process 
Seed priming is partial hydration of seeds and metabolic activity is attained in an acceptable way thereby 

permitting necessary pre-germination steps to be initiated among the seeds. During seed priming, major 

changes take place such as membrane repair, synthesis and repair of DNA and RNA, development of 

immature embryo,  alterations  of  endosperm  tissues  surrounding the embryo, dormancy breakage and 

pre germination metabolism enrichment. 
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Advantages of Seed Priming 
Seed priming enables in higher seedling establishment and ensures uniformity in germination. Uniform 

emergence enables to optimize harvesting potential which can increase the yield potential of a crop. Seed 

priming can also enhance the overall seed performance like germination percentage, germination speed, 

mean germination time, germination index, germination rate index, seedling vigour etc. Primed seeds 

performed better under diverse environments particularly under sub optimal conditions at sowing. 

Conclusion 
Seed priming is an environmentally secure and effective technology which can be simply adopted by 

resource poor farmers and benefited the farmers in a number of ways. It may indeed considered as a  

valuable  strategy  to  improve  stand establishment  under  adverse  agro-climatic conditions with increased 

yield, increased tolerance to stress conditions, increased resistance against diseases, enhanced crop  

competitiveness  against  weeds and extended water use efficiency. 
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Introduction 
As India continues to fight the COVID-19 pandemic. Atmanirbhar Bharat Abhiyan creates new growth 

opportunities in sectors such as agriculture, micro, small and medium-sized enterprises, power energy, 

coal, mining, defence and aviation, etc. Atmanirbhar Bharat i.e., the autonomy of India, is a policy aimed 

at transforming the crisis into an opportunity and stimulating the Made in India. 

Atmanirbhar Bharat Abhiyan is a Covid-19 economic stimulus program that aims to reduce reliance on 

self-import by focusing on substitution and improving quality and safety standards for Indian products to 

enter the global level. On May 12, Prime Minister Sri Narendra Modi announced a special economic 

package of Rs. 27.1 lakh crore  (equivalent to 13% of India's GDP) aimed at making the country independent 

in the face of fierce competition in the global supply chain and help to empower the poor, migrants and 

workers affected by COVID19. 

 

Mottos 
The mottos of this Abhiyan are "Vocal for Local ", "Local for Global" and "made for the world". 

Goals 
1. To now approximately the capacity of the sectors to become autonomous and build a strong economy. 

2. To find out the problems on the road to self-reliance in India.  

3. To suggest solutions for existing restrictions. 

Atmanirbhar Bharat Abhiyan Package 
The government announced a total of three Atmanirbhar Bharat packages worth Rs 29.87 Crore: 

1. On May 12, 2020, the Prime Minister announced a comprehensive economic package of Rs 20 million. 

2. On October 12, 2020, the government announced an economic stimulus plan of Rs 73,000 crore, called 

Atmanirbhar Bharat Abhiyan or making India autonomous. 

3. On November 12, 2020, the government announced an economic stimulus package of 2.65 lakhs, called 

Atmanirbhar Bharat Abhiyan. 
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At Atmanirbhar Bharat Abhiyan, Finance Minister Nirmala Sitraman announced the following measures 

to strengthen infrastructure logistics and capacity development for the agriculture, fisheries and food 

processing sectors. 

 

1. For the Agricultural Infrastructure Project Fund: A fund of Rs.1,00,00 crore will  be created for 

the development of farm-gate and aggregation points such as cooperative societies and Farmer Producer 

Organizations, agriculture entrepreneurs, star- up etc. for the development of agriculture infrastructure 

projects to buy products directly from farmers and create them on the spot. 

2. For Formalizing of Micro Food Enterprises: A program will be launched to promote the Prime 

Minister's vision "Vocal for Local with Global Outreach" linked to the Atmanirbhar Bharat Abhiyan logos 

and create a 10,000-crore fund to help 2 lakh MFE who need a technical gradient to meet FSSAI food 

standard, to develop brand image and marketing, presence in small food establishments, agricultural 

producer organizations, cooperatives and self-help groups to support. The focus will be on SC / ST, women-

owned units and those located in ambitious areas and a block approach will be adopted (such as Orange in 

Maharashtra, Mango in UP, Chilli in Andhra Pradesh, Tomato in Karnataka, etc.). 

3. For fishermen through Pradan Manti Matsya Sampada Yojana (PMMSY): The government will 

launch PMMSY for the integrated, sustainable and inclusive development of marine and inland fisheries 

Rs 11 billion for aquaculture, marine and inland fishing activities and Rs 9 billion should be provided to 

improve infrastructure (cold chain, fishing ports, market facilities), etc. The activities will be ornamental 

fishing, seaweed cultivation as well as new fishing boats, vessels, cage culture, traceability, laboratory 

network, etc. There will be provisions to support the lockdown period for fishermen (during the period when 

fishing is not allowed), boat and person insurance. This will result in an additional 70 lakh tons of fish 

production over 5 years employing more than 55,000 people and doubling exports at Rs 1,00,000 crore. The 

focus will be on the Himalayan states, the islands, the Northeast and the ambitious regions. 

4. For Animal Husbandry Infrastructure Development Fund: An Animal Husbandry Infrastructure 

Development Fund of Rs. 15,000 crores to support private investment in value-added infrastructure, dairy 

processing, and livestock feed infrastructure will be given under this. Incentives will be given to establish 

factories to export the excess products. 
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5. For promoting  the cultivation of herbs: This program promoted by the National Medicinal Plants 

Board supported 2.25 hectares of cultivated area with medicinal plants. In the next two years, 10 lakhs 

hactares will be covered under the herbal farming  at an expense of Rs. 4000 crores. This will give a better 

result of Rs 5,000 crore to generate income for farmers. There will be a network of regional markets for 

medicinal plants. The NMPB will bring an area of 800 hectares by developing a corridor of medicinal plants 

along the banks of the Ganges. 

6. For beekeeping initiatives: The government will implement a program to develop the infrastructure 

related to integrated beekeeping development centers, marketing, storage and collection centers, post-

harvest facilities, added value, etc. Improving the quality of nucleus stocks and beekeepers generates a 2 

lakh revenue  beekeepers and standard quality honey for consumers. In this sector, strengthen the 

implementation of standards, develop the traceability system and develop capacities with a focus on 

women. 

7. For Operation Green Fund: This “Operation Greens” project managed by the Ministry of Food 

Processing Industries will cover tomatoes, onions and potatoes and will include all fruits and vegetables. 

In this program, it has provided a subsidy of 50% t for transportation from surplus markets to deficient 

markets and 50% support for storage, including cold rooms and will be launched as a pilot program for the 

next 6 months and it will spread and expand. This will lead to better prices for farmers, less waste and 

accessibility of products to consumers. 

Launch of Financing in Various Sectors of Agriculture and Associated Entrepreneurs 
1. Financing facility for the Agricultural Infrastructure Project------ Rs 1,00,000 crore. 

2. Micro Food Enterprises Formalization Scheme --------Rs 10,000 crores. 

3. Financing of fishermen through Prime Minister Matsya Sampada Yojana -------Rs.20,000 crore. 

4. The Animal Husbandry Infrastructure Development Fund-------- Rs 15,000 crore. 

5. Promote the cultivation of herbs----- Rs. 4000 crores. 

6. Beekeeping initiatives ------Rs. 500 crores. 

7. Operation Green Fund extended to all vegetables ------Rs. 500 crores. 

Reference 
1. Dubey S. and Dubey H. K. (2020) Atmanirbhar Bharat Abhiyan: An Analytical Review, Dogo Rangsang Research Journal, 10-
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Introduction 
Intelligent packaging may be defined as (Han et al., 2005): Systems attached as labels, incorporated into, 

or printed onto a food packaging material offer enhanced possibilities to monitor product quality, trace the 

critical points, and give more detailed information throughout the supply chain. 

It has also been defined by Yam et al. (2005) as: A packaging system that is capable of carrying out 

intelligent functions (such as detecting, sensing, recording, tracing, communicating, and applying scientific 

logic) to facilitate decision making to extend shelf life, enhance safety, improve quality, provide information, 

and warn about possible problems. 

Intelligent Packaging Systems 
Intelligent packaging systems can include the following components (Kerry et al., 2006): 

1. Indicators 2. Barcodes and 

Radio Frequency 

Identification Tags 

(RFID) 

3. Sensors 

a) Time-temperature indicators a) Bio Sensors 

b) Integrity or gas indicators b) Gas Sensors 

c) Freshness indicators (microbial or pathogen spoilage)  

Indicators 
Indicators are those devices that indicate the presence or absence of a target substance or the degree of 

reaction between two or more substances by means of a characteristic change, usually in color.  

1. Time-temperature indicators (TTI): Temperature is one of the most influential environmental 

factors, and its fluctuations cause concerns about the deterioration of food quality and safety for many 

products, such as chilled and frozen foods and certain medical and pharmaceutical products. Both time and 

temperature significantly contribute to the loss of nutritional, and sensory qualities of perishable foods.  

An ideal time-temperature indicator or integrator is a simple and inexpensive device that can show an 

easily measurable, time-temperature-dependent change that reflects the full or partial temperature history 

of a product to which it is attached. 

The rate of change in the system depends on temperature, and this rate increases at higher temperatures, 

in a manner intended to reflect the deteriorative reactions responsible for food spoilage. Thus, a cumulative 

indication about both the duration and temperature of the overall storage conditions to which the TTI has 

been exposed can be obtained from the visible response. Regardless of placement within or outside of the 

food package, TTIs should indicate whether a food had been improperly exposed to cold temperatures or to 

unnaturally high temperatures, as well as the effect of this exposure, based also on its duration, and does 

not provide information about the quality of the product within the package. 

Ideally, TTIs should include the basic characteristics of being small, low cost, Reliable, easily integrated 

into packaging, and should not themselves reduce the shelf life of a product by exposing it to environmental 

factors (light, air pollutants, humidity) or mechanical stresses (pressure, friction). Also provide simple, 

continuous, and understandable indications for all target groups (e.g., producers, wholesalers, retailers, 

consumers) in a clear manner that can be measured both visually and electronically, and they should have 

no deleterious effects on health and or the environment (Taoukis, 2010; Taoukis and Labuza, 2003). 

a. Diffusion-based TTIs: The Monitor Mark TM time-temperature indicator (3 M Company, St. 

Paul, MN) is a rectangular flat laminate containing layers of paper, film, adhesive, or other 
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components and is used to monitor the storage and transportation conditions of food products. It is 

a temperature-sensitive visual indicator that tells consumers whether perishable food products have 

been exposed to higher temperatures. 

b. Microbial TTIs: The decomposition of fresh food products due to the development of naturally 

existing microorganisms in products depends primarily on temperature. Maintaining the “correct” 

storage temperature slows down the growth of microbial flora but during exposure to an abnormal 

and prolonged rise in temperature, the development of microorganisms accelerates. Cryolog 

(Gentilly, France) has developed and marketed two TTI systems— which are suitable for application 

within the food industry.  

c. Enzymatic TTIs: The Check Points R TTI was developed by VITSAB International AB (Malmo, 

Sweden) over 20 years ago in order to track the shipment of temperature-sensitive pharmaceutical 

products, but today it is more widely applied to food transport and distribution. It is a simple 

adhesive label attached to food cartons to monitor temperature abuse from the processor to the 

retailer. The Check R Points is an enzymatic indicator based on a pH-dependent color change 

resulting in the controlled enzymatic hydrolysis of a lipid substrate. 

d. Phytochromic TTIs: The OnVut TTIs (Ciba Specialty Chemicals and Freshpoint, Basel, 

Switzerland; Patent No. WO/ 2006/048412) are designed and supplied as either printing inks or 

labels that may be affixed to the inner or outer packaging to monitor the accumulated effects of time 

and temperature on perishable chilled products (e.g., processed meat such as sausage, fish, dairy 

products, ready-to-eat meals and other convenience foods). This nontoxic, printable time-

temperature indicator relies on the properties of photochromic colorants (dyes or pigments) that 

change color over time, depending on temperature fluctuation. The label or printed display contains 

a reference color as a ring around the photochromic spot on the label. 

2. Integrity or gas indicators: Maintenance of the quality and safety of foods inside a packaging material 

is complicated, as the gas composition in a package headspace can easily be changed due to respiration of 

fresh foods, leakage, the influx of gas through the packaging film from the surrounding air (Brody, 2001) 

or gas produced by microbial spoilage. Gas indicators in the form of labels or printed on the packaging films 

can monitor the changes in gas composition inside the package and thus can help to monitor the safety and 

quality of the products (Yam et al., 2005). These indicators change their color by either a chemical or 

enzymatic reaction, typically providing information about the presence or absence of oxygen or carbon 

dioxide (De Jong et al., 2005). 

3. Freshness indicators (microbial or pathogen spoilage): A freshness indicator is a packaging 

system (or material) that has been developed to provide direct product quality information, instead of 

merely indicating temperature abuse or package leaks, using microbial growth metabolites which 

demonstrate changes taking place within the food (Smolander, 2003). Microbial metabolites such as 

glucose, organic acids such as acetic or lactic acid, ethanol, volatile nitrogen compounds (e.g., 

trimethylamine in packed fish products), biogenic amines, carbon dioxide, ATP degradation products, and 

sulfuric compounds are usually estimated to evaluate a product’s freshness. 

Barcodes 
A barcode represents information about an object to which it attaches in the form of letters or numbers, 

and this storage data can be read by an optical barcode scanner that sends the information to a system 

where it is stored and processed. Currently, such a system has become the most popular form of data carrier 

due to its very simple form and low price. The barcode allows tracking of the physical location of a product 

at any point in the supply chain. Commercially, several types of barcodes are available in the market, but 

the Universal Product Code (UPC) barcode is the most common. 

Radio Frequency Identification Tags (RFID): It represents a separate electronic information-based 

form of intelligent packaging that uses radiofrequency electromagnetic fields to transfer data from a tag 

attached to an object, for the purpose of automatic product identification and traceability. Furthermore, it 

does not require an unobstructed line of sight, it has a longer reading range, it is very strong and can work 

under extreme temperatures and different pressures, and it can be detected at distances of more than 100 
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m.  Many tags can be read simultaneously (100 per second, although new developments promise up to 1000 

tags per second). 

Sensors 
A sensor is a device used to detect, locate, or quantify energy or matter, providing a signal for the detection 

or measurement of a physical or chemical property to which the device responds. 

1. Biosensors: Biosensors are compact analytical devices used to detect, record, and transmit information 

regarding a physiological change or the presence of various biological or chemical materials in the 

environment. 

2. Gas sensors: Gas sensors are devices that respond reversibly and quantitatively to the presence of a 

gaseous analyte by changing the physical parameters of the sensor, and are monitored by an external device 

(Kerry et al., 2006). 

Other Intelligent Tools 
Holograms and specialised thermo chromic inks are also useful tools that can be used in food packaging to 

make them intelligent. 

1. Holograms: Hologram is an emerging tool in the field of intelligent packaging. It can help to protect the 

brand name of the product as well as to combat counterfeiting of a product. Due to the attractiveness and 

creativeness of the holographic packaging, manufactures should be able to develop a distinctive edge over 

the other competitors in the market. Besides enhancing the brand image of the product, holograms are also 

used to prevent food products and packaging from tempering. With the help of the changing pattern of the 

hologram, the counterfeiters are unable to alter the food product or the label of the product.  If a 

counterfeiter tries to remove the hologram, the upper polyester film will also be removed, leaving a message 

regarding tempering of the product. Holograms are mostly used in the pharmaceutical industry for highly 

sophisticated drug products. 

2. Thermo chromic inks: Thermo chromic inks have the ability to change their colour on exposure to 

elevated temperature. These types of inks are mostly used for beverage packaging or for microwave food 

products, allowing consumers to know whether the product is hot or cold to be served. Based on 

temperature, the colour pattern of theses inks is either reversible or irreversible. Irreversible inks remain 

constant on exposure to a certain temperature and do not change once they have attained a specific colour. 

Reversible ink has the ability to change the colour once reached to a certain temperature and as the 

temperature falls back, the ink reverses back to its original colour. 

Conclusion 
Food wastage is a global problem. According to Food and Agriculture organization (FAO) of the UN, 

approximately one third of the food produced for the human consumption, which amounts to 1.3 billion 

tones, gets lost or wasted. India is second largest population in the world. In 2012, government announced 

that about 22% of Indian population lives below poverty line. 

According to FAO estimates in ‘The State of Food Security and Nutrition in the world, 2017’ report, 190.7 

million people are undernourished in India. This represents Food wastage in India is happening at every 

level; from harvesting, transporting, processing, packaging and consuming. So, in the era of packaging 

various innovative systems emerged among them one is intelligent packaging. Intelligent packaging is an 

excellent solution to a wide range of applications in the food industry. 

The most important advantage resulting from their use is a reduction in the loss of food products by 

extension of their shelf life and monitoring of the status of the packed food. Intelligent systems have tasks 

and they allow for monitoring of the quality of the packed food products and communicating emerging 

changes to a consumer. 
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Summary 
Liquid milk is an essential nutritional food for infants as well as the aged. Milk is one of the products which 

can be adulterated in many ways affecting the quality of further dairy product. Adulteration in natural 

milk for the increase volume in milk, improve sale ability of product & increase profit of producers. Though 

milk adulteration is done for financial gain, it causes hazardous health effects on human body. Techniques 

used to detect milk adulteration are mentioned in this article. 

Introduction 
India is the world’s largest milk producer having annual production of about 187.7 million tonnes and per 

capita milk availability is around 394 grams per day (NDDB, 2018-19).  Food Adulteration is an act of 

intentionally debasing the quality of food offered for sale either by the admixture or substitution of inferior 

substances or by the removal of some valuable ingredient. 

Food Adulteration takes into account not only the intentional addition or substitution or abstraction of 

substances which adversely affect nature, substances and quality of foods, but also their incidental 

contamination during the period of growth, harvesting storage, processing, transport and 

distribution.(Aishwarya and Duza, 2017) Adulteration can done by many ways watering of milk, milk of 

different species, addition of whey, urea, starch, vegetable oils, sugar, detergents, synthetic milk etc.  

Milkman may contaminate the milk with certain chemicals to increase its shelf life, which are more 

dangerous than its health benefits. Adulterated milk has harmful effects on human health such as stomach 

disorder, diarrhoea, liver disorder, dropsy, gastrointestinal problems, respiratory distress, cardiac arrest, 

carcinogenic effects, paralysis etc. 

Although, we might have heard that milk contains almost all nutrients, but it is not true with adulterated 

milk. Some nutrients eliminate from the milk during cream extraction and processing methods in the milk 

dairies. 

Some Common Adulterants in Milk 
“Adulterant” means any material which is or could be employed for making the food unsafe or Sub-Standard 

or misbranded or containing extraneous matter. 

Causes of Adulteration 
An overview of adulteration causes is summarized below: 

Cause Reason 

Demand and supply Gap  Demand and supply Gap is large due to large population  

Financial greed  Passion for more profit  

Physical nature of milk  Aqueous and opaque nature of milk can accommodate many 

adulterants. 

Perishable nature of milk  The unscrupulous producers/vendors use preservatives neutralizers 

etc. to prolong the shelf life of milk.  

Water Starch Urea Detergents Synthetic milk 

Oxytocin Formalin Hydrogen peroxide [H2O2] Melamine [C3H6N6] Ammonium sulphate 

(NH4)2SO4 
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Low purchasing power of 

consumer  

Encourages the supplier to adulterate milk and sell at cheaper rate  

Unorganized Dairy Industry  Most of the milk is procured and traded by unorganized dairies, 

which freely adulterate the milk.  

Lack of vigilance  Lack of Human resource  

Inadequate technology support  Lack of user-friendly & low-cost technology for testing, analysis, 

storage, transportation etc.  

(Bhamare et. al., 2016) 

Methods for Detection of Common Adulterants in Milk 
Sr. No. Adulterant Method Of Detection Result 

1 Water 

 

Place a drop of milk on a polished slanting 

surface 

a) Pure milk flows slowly 

leaving a white trail behind it. 

b)  Milk adulterated with water 

will flow immediately without 

leaving a mark 

2 Urea 5 ml milk in a test tube + 5 ml dimethyl 

amino benzaldehyde solution, shaken Well. 

Yellow colour develops. 

It shows the presence of added 

urea. 

3 Soda 

 

10 ml milk in a test tube + 10 ml alcohol & 

shaken well + few drops of Rosalic acid. 

Red rose colour shows in the 

presence of soda. 

4 Detergent 

 

5 ml milk + few drops of bromocresol purple 

solution. 

Appearance of faint violet colour 

indicates the presence of 

detergent in milk. 

5 Starch 

 

5 ml milk in test tube, boil than cool + 1 to 2 

drops of iodine Solution. 

Appearance of blue colour which 

indicates the presence of starch. 

6 Sugar 3 ml of milk in a test tube + 2 ml of HCl. 

Heat the test tube after adding 50 mg of 

resorcinol. 

The red colouration indicates 

the use of sugar in the milk. 

7 Formalin 5 ml milk in a test tube + few dros of 

phloroglucinol solution and mix properly + 

few drops of sodium hydroxide solution. 

Flashy pink colour, shows the 

presence of formalin. 

8 Fat The Lactometer reading will go above 26. Check reading. 

9 Vanaspati 3 ml milk in a test tube + 10 drops of HCl 

+Mix one teaspoonful of sugar. After 5 min 

examine the mixture. 

The red colouration indicates 

the presence of vanaspati in the 

milk 

10 Salt 5 ml Silver Nitrate Reagent in a test tube + 

2-3 drops of Potassium Dichromate Reagent 

+ 1 ml of milk and mix thoroughly. 

Occurrence of yellow colour 

indicates the presence of salt in 

the milk. 

11 Boric acid 3 ml of milk in a test tube + 2 drops of HCl 

and shake the test tube or mix up the 

contents thoroughly. Dip a yellow paper 

strip and remove it after 1 min. 

A change in colour from yellow 

to red, followed by the change 

from red to green, by the 

addition of one drop of ammonia 

solution takes place. It indicates 

the presence of boric acid in the 

milk. 

12 Synthetic 

milk 

Synthetic milk has a bitter after taste. 

Gives a soapy feeling on rubbing between 

the fingers. 

Turns yellowish on heating. 

Conclusion 
Adulteration considered as a one of the major problems of today's life & its ill effects on health from their 

daily meal item, either, in cereals, pulses, fruits & vegetables or in milk & milk products. There is need to 
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formation and implementation of strict food laws to restrict the preparation and distribution of milk 

adulterated with harmful components. Hence, special provisions should be framed for rigorous control over 

the production, distribution and sale of milk and milk products to avoid adulteration considering the human 

health. 
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Summary 
Probiotic products consist of specific strains of live bacteria that have potentially favourable health effects. 

A number of studies provide evidence that milk products with probiotics may be beneficial for digestive 

health and may improve various digestive problems. Fermented dairy products with active bacterial 

cultures are one of the most common sources of probiotics. Probiotic milk products may be beneficial in 

alleviating symptoms for a number of gastrointestinal conditions, including Helicobacter pylori infection, 

irritable bowel syndrome and antibiotic-associated diarrhoea. It may improve gut microbiota, have an 

immune modulatory effect, and thus maintain overall health. 

Introduction 
Probiotics are defined as “live microorganisms which, when administered in adequate amounts, confer a 

health benefit on the host.” according to Food and Agriculture Organization of United Nations; World 

Health Organization - FAO/WHO, 2002. This term refers to specific strains of bacteria, and typical 

probiotics include lactic acid bacteria such as Lactobacillus and Bifidobacterium. These strains are 

commonly used in the fermentation of dairy products, such as yogurt, cheese and kefir. 

The culture must be native of the human gastrointestinal tract, having the ability to ferment prebiotics, 

survives passage through the stomach and small bowel in adequate numbers, be capable of colonizing in 

site of action, and have beneficial effects on human health. In order to survive, the strain must be resistant 

to acidic conditions (gastric pH 1-4), alkaline conditions (bile salts present in the small bowel), enzymes 

present in the intestine (lysozyme) and toxic metabolites produced during digestion (Homayouni et al., 

2008d). 

Table 1. Different Types of Probiotic Dairy Products 
Sr. No Probiotic strain (single strain probiotic) Formulation Evidence based efficiency 

1 Bifidobacterium animalis subsp lactis DN-

173010 

Yoghurt Constipation 

2 Bifidobacterium animalis 

subsp lactis Bb- 12 

Fermented 

milk 

Enzema 

3 Lactobacillus casei subspp Shirota Fermented 

milk 

Constipation, H. pylori 

infection 

4 Lactobacillus casei DN 11401 Fermented 

milk Yoghurt 

Antibiotic associated 

diarrhea, Prevention of 

prediatric diarrhea, 

respiratory infection. 

5 Lactobacillus johnsonii La 1 Milk H. pylori infection 

6 Lactobacillus reuteri DSM 17,938 Yoghurt Acute pediatric diarrhea, 

Cholesterol 

7 Lactobacillus rhamnosus GG Yoghurt Acute pediatric diarrhea, 

antibiotic associated diarrhea 

8 Lactobacillus acidophilus + Bifidobacterium 

animalis subsp lactis 

Yoghurt Improve microbiota 
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Fermented Probiotic Dairy Foods 
Some fermented dairy probiotic food with detailed consideration is discussed as follows. 

1. Probiotic ice cream: Probiotic ice cream production done by incorporation of probiotic bacteria in both 

of fermented and unfermented mix. Lactobacillus and Bifidobacterium are the most widely used species of 

lactic acid bacteria as probiotics for fermented dairy products. The pH of non-fermented ice cream is near 

to seven which is providing to survive probiotic bacteria. The high total solids level in ice cream including 

the fat and milk solids provides protection for the probiotic bacteria. (Homayouni et al., 2012). 

The therapeutic value of live probiotic bacteria is more than unviable cells; therefore, International Dairy 

Federation (IDF) recommends that a minimum of 107 probiotic bacterial cells should be alive at 

consumption time per gram per milliliter of product. 

2. Probiotic cheese: There are two steps of preparation of probiotic cheese in the first step, the 

manufacture processes of cheese products have to be modified and adapted to the requirements of probiotics 

and in second step, appropriate probiotic strains to be applied or new cheese products have to be developed. 

The proteolytic and lipolytic properties of the probiotic bacterial cells have important effects on taste and 

flavour of the probiotic cheese (Kunji et al., 1996). Cheese provides a valuable vehicle for probiotic delivery, 

due to creation of a buffer against the high acidic environment in the gastrointestinal tract, and thus 

creates a more favourable environment for probiotic survival throughout the gastric transit, ought to higher 

pH. 

3. Probiotic yoghurt: Not all yoghurt contains probiotics, addition of L. acidophilus and B. bifidum into 

yoghurt can add extra nutritional and physiological values. Heat treated homogenized milk with an 

increased protein content (3.6–3.8%) is inoculated with the conventional starter culture at 45°C or 37°C 

and incubated for 3.5 and 9hours, respectively. The probiotic culture is added prior to fermentation 

simultaneously with the conventional yoghurt cultures or after fermentation to cooled (4°C) product before 

packaging. 

4. Probiotic milk: Acidophilus milk production, the milk is heated at 95°C for a hour. or at 125°C for 15 

min (Vedamuthu, 2006). Such a high heat treatment stimulates the growth of Lactobacillus acidophilus by 

providing denatured proteins and released peptides. High-heat-treated milk is cooled to 37°C and kept at 

this temperature for a period of 3-4 hour to allow any spores present to germinate. Then, milk is re-

sterilized to destroy almost all vegetative cells. Unless skim milk is used, the heat-treated milk is 

homogenized and cooled down to inoculation temperature (37°C). Lactobacillus acidophilus is added as 

active bulk culture. The level of inoculation is usually 2-5% and the inoculated milk is left to ferment until 

pH 5.5-6.0 or ~1.0% lactic acid is obtained, with no alcohol (Surono and Hosono, 2002). 

The fermentation takes about 18-24 h under inactive conditions After the fermentation, the number of 

viable Lactobacillus acidophilus colonies is about 2-3×109 cfu mL-1, but this number decreases up to 

consumption time. Following fermentation, the warm product is rapidly cooled to <7°C before agitation and 

pumped to a filler where it is filled into bottles or cartons (Kosikowski and Mistry, 1997; Vedamuthu, 2006). 

Acidophilus milk has higher free amino acids than milk. 

Nutritional Benefits of Fermented Probiotic Dairy Products 
1. Alleviation of Lactose Intolerance: Milk with cells of L. acidophilus aids digestion of lactose by such 

persons. Yoghurt was found to be helpful in the digestion of lactose because the lactic acid bacteria used to 

make yoghurt produce lactase and digest the lactose. 

2. Anti-carcinogenic Effect: Yoghurt and milk fermented with L. acidophilus have been reported to have 

Anti-carcinogenic effects. 

3. Immune System boosting: The immune-stimulatory effect of yoghurt is due to its bacterial 

components. Cytokine production, phagocytic activity, antibody production, T-cell production etc. are 

increased with yoghurt consumption or with lactic acid bacteria. 

4. Prevention of Gastrointestinal Infection: Viable lactic acid bacteria interfere with the colonization 

and subsequent proliferation of food borne pathogens, thus preventing the manifestation of infection. L. 

bulgaricus, L. acidophilus, S. thermophilus and B. bifidum have been implicated in this effect.  
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5. Alleviation of Constipation: Fermented Dairy products containing lactobacillus (L. acidophilus 

NCDO 1748, L. casei Shirota and Lactobacillus G) preparation and fermented mi l k s shows alleviatio n of 

constipation.  

6. Lowering of Serum Cholesterol: Fermented milk products show hypocholesteraemic effect. Intake of 

large quantities of fermented milk furnishes factors that impair the synthesis of cholesterol. L. acidophilus 

has exhibited the ability to lower serum cholesterol levels. 

7. Antihypertensive Activity: Casein hydrolysate, produced by an extracellular proteinase from L. 

helveticus (CP790) has antihypertensive activity. Two antihypertensive peptides have been purified from 

sour milk fermented with L. helveticus and Saccharomyces cerevisiae. These two peptides inhibit 

angiotensin converting enzyme that converts angiotensinogen-1 to angiotensinogen-2, which is a potent 

vasoconstrictor. Consumption of certain lactobacilli, or products made from them, may reduce blood 

pressure in mildly hypertensive people. 

8. Antiallergenic Qualities: Probiotics help to prevent allergic reactions in individuals at high risk of 

allergies, such as food allergies. Probiotic bacteria help to strengthen the barrier function of the intestinal 

wall, thereby preventing the absorption of some antigens. 

9. Improved Detoxification: The presence of glucuronic acid, one of the primary metabolites in 

kombucha, is believed to improve detoxification by binding toxin molecules and aiding excretion through 

the kidneys and it is this acidic composition that is most associated with the reputed health properties of 

kombucha, rather than a microbial-gut interaction. 

10. Functional Bio-peptides: Fermented produce are a source of bioactive peptides, released through 

fermentation by proteolysis cultures, and linked with many potential health benefits including digestive, 

endocrine, cardiovascular, immune and nervous system affects. 

Conclusion 
Functional foods are considered as health promoting foods aside their nutritional values for the consumers. 

Bright future for functional dairy products depends on the costumers’ satisfaction. Nowadays consumers 

look forward to using these functional products due their increasing knowledge about the beneficial effects 

of functional foods such as boosting the immune system, maintaining the normal microflora in the 

intestines, preventing gastrointestinal diseases and decrease in blood pressure and cholesterol level. 

Therefore, production of probiotic functional foods must be one of the main programs for manufacturers, 

regarding their increasing importance. Among all the probiotic functional products, dairy products are of 

great importance and they can be defined as carriers of probiotics bacteria. 
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Introduction 
Seeds employ natural mechanism to protect themselves against insect fungi, bacteria, birds and other 

predators. There has been a perception that seeds are extremely vulnerable particularly to fungi attack, 

and for agricultural use chemical treatment is necessary to ensure successful establishment. Although the 

diversity and severity of disease pressure on agricultural seeds is not questioned, what is becoming 

increasingly apparent is that seeds are protected by elaborate and sometimes complex natural defence 

mechanism. Defence strategies may take many forms. Some seed structures, such as seed coat, provide 

physical protection. There are five main modes of seed dispersal: gravity, wind, ballistic, water and by 

animals. Some plants are serotinous and only disperse their seeds in response to an environmental 

stimulus. In general, a plant molecule is a defensive mechanism against pathogens when: 

1. Its synthesis is induced in response to pathogen challenge. 

2. Its expression level is dependent on specific race – cultivar interactions. 

3. Shows antimicrobial activity either in vivo or more often in fungal or bacteria growth inhibition assay. 

Seeds contain stored protein, lipids and carbohydrates– which are needed for seedling growth and 

establishment. These are attractive to pests and pathogens plus specialized fungal pathogens which require 

a specific host to general feeders such as bacteria, mammal’s birds and insects. 

Various defense mechanisms adopted by seeds are:  

a. Avoidance: Physical defense-seed coat. 

b. Biological control: Systemic acquired resistance. 

c. Chemical defense-secondary metabolites: 

i. Protective proteins-enzyme inhibitors.  

ii. Lectins. 

iii. Chitinase. 

Seed Dispersal 
Seed dispersal is the movement or transport of seeds away from the parent plant. Plants have limited 

mobility and consequently rely upon a variety of dispersal vectors to transport their propagules, including 

both abiotic and biotic vectors. Seeds can be dispersed away from the parent plant individually or 

collectively, as well as dispersed in both space and time. The patterns of seed dispersal are determined in 

large part by the dispersal mechanism and this has important implications for the demographic and genetic 

structure of plant populations, as well as migration patterns and species interactions. 

Benefits of seed dispersal: Seed dispersal is likely to have several benefits for plant species. First, seed 

survival is often higher away from the parent plant. This higher survival may result from the actions of 

density-dependent seed and seedling predators and pathogens, which often target the high concentrations 

of seeds beneath adults. Competition with adult plants may also be lower when seeds are transported away 

from their parent. 

Devices for survival of seeds: Dormant embryonic plant with in the seed of most kinds of plant is 

protected by a seed coat until conditions are favorable for new growth to start. Struggle for existence is 

reflected (shapes, structures, size of seeds and fruits) on morphology of seeds. Some seeds resist prompt 

germination, so assures survival if conditions are unfavorable Eg: gint foxtail. Delayed shedding of the 
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seeds - eg. Achenes. Seeds with impermeable seed coats, which resist germination for long periods eg: 

Legumes.  Some produce pods in which one segment remains indehiscent – closed and the seed within it 

remains dormant for a long time eg: Xanthium.  Seeds vary in germination rate both among species and 

within individual seed lots. Longer seeds remain in soil ungerminated reduced predation by animals or 

insects. Seeds that germinate rapidly and establish healthy seedlings pass through vulnerable stages 

quickly, minimizing expose to attack by seed scavengers and also from seed and seedling diseases. 

Conclusion 
Seeds are dispersed in nature by wind, water and animals, in turn it gives protection against predation 

and other unfavourable environmental conditions.  Presence of spiny trunks in some species that has been 

interrupted to prevent climbing of rodents from reaching seeds. The existence of fleshy or lignified tissues 

around seeds could be an efficient barrier that prevents predator access to seeds. Large seeds usually have 

a higher probability of being depredated than smaller ones. Thick seed coats, some with lignin or trichomes 

provide barrier that inhibit predation by insects and animals. Use of high vigour seeds results in rapid 

establishment and decreases soil borne diseases and predators. 
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Introduction 
In Madhya Pradesh majority of the farmers are either small or marginal, the income from agriculture 

sector in their farm is not at all sufficient to run their families. Due to fragmentation of land – holdings, 

even after adoption of improved agricultural technology and practices, their economy condition has not 

improved. The seed availability of improved varieties is very less and costly in rural market. Seed 

production and marketing entrepreneur generates income to farmers and entrepreneurs. 

Profile 

Establishment Year: 2010 

No. of Members: 32 

Seeds: Soybean, Wheat & chickpea  

Grade of Seed: Foundation, Certified 

Collaboration: Agri. University  

KVK- Sehore 

District registrar  

Seed federation 

Agri. Department 

M.P. SSC   

Farmers    

Chief Foundionary: Mr. Hemraj Gour (Graduate) 

Village – DhanKhedi, Tehsil,  Sehore, Distt- Sehore (M.P.), Mo. 

No. – 9754000651. 

Recognition: Recognize as quality seed produce in Sehore, 

Raisen, Vidisha, Bhopal Rajgrah & Agar District of M.P. 

 
M/S. Prathmic Beej Utpadak 

Sahakari Sanstha Maryadit- 

Dhankhedi. 

Block – Sehore, Distt- Sehore 

(M.P.) Mo. No. – 9754000651 

Description of Entrepreneurship 
This success story is about Prathmik Beej Utapadak Sahakari, Sanstha Maryadit, Dhankhedi, Distt- 

Sehore (M.P.) which was established in the year 2010. The chief functionary of this Sanstha is Mr. Hemraj 

Gour who is 34-year-old, Graduate in Art & small farmer. He attended Training Programme on Seed 

Production imparted by Krishi Vigyan Kendra in beginning and he produced seed for self and get better 

crop yield and profit than previous. 

Nearby farmers sown the healthy crop of Hemraj Gour and demanded for seed. Krishi Vigyan Kendra 

advised to Hemraj Gour for registering a society for Seed Production and explained known as whole 

Prathmik Beej Utapadak Sahakari, Sanstha Maryadit, Dhankhedi process. In the year 2010 he registered 

a seed society with 21 No. of Members. In the period of last three years the society is producing seeds of 

Soybean, Wheat & Chickpea with improved and newly released varieties. During 2012 -13 society produced 

and sold seeds of Soybean 816 qtls., Wheat 812 qtls. & Chickpea 166 qtls. 

This entrepreneur was started with zero budget now having turnover of Rs. 178 Lakh in the last year (2013-

14). Prathmik Beej Utpadak Sahkari Sanstha Maryadit, Dhankhedi, Distt- Sehore is well known for 

farmers of District Sehore. Rajgargh, Raisen, Vidisha & Bhopal. Society has created necessary assets like. 

Small Seed grader, weighing machine stitching machine Trained farmers and skilled labours with small 

Godown. 
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Out Come of Entrepreneurship 
Prathmik Beej Utpadak Sahkari Sanstha Mariyadit, Dhankhedi, Distt- Sehore was started with Zero 

budget in the year 2010 having turnover of Rs. 178.00 Lakh in the year 2012-13. The turnover of the society 

shows the seed production and marketing is not only profitable entrepreneur but beneficial to farmers in 

tern of increase in production. This entrepreneur may adopt by other unemployed Rural Youths for income 

generation. 

Economic Impact 
Year  Details of Seed Production, Sale, Expenditure & Income 

Seed 

Production 

(qtl.) 

Seed Sale 

(Rs.) 

Expenditure 

(Rs.) 

Grass Income (Rs.) Remark  

2010-11 92.00 - - - Society created 

basic infrastructure 

like small seed 

grader, weighing 

machine, stitching 

machine & other by 

income generated 

through seeds. 

2011-12 1071.00 16,08,924.00 14,80,149.00 1,28,775.00 

2012-13 1594.00 30,18,418.00 27,69,694.00 2,48,724.00 

2013-14 2099.00 75,45,120.00 69,47,672.00 5,97,448.00 

Total  - -  9,74,947.00 -  

 

Conclusion 
Seed production and marketing gives employment to the rural farmers and provides income. The success 

of these farmers has also motivated many farmers and unemployed youths have come forward to start this 

enterprise in their village. The success of the seed production and marketing needs to be popularized to 

address the issues of increasing income and improve seed availability to the farmers. 
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Nutrition has been given top priority since time immemorial. Since ages mankind has been using plant 

extracts for treating various disorders. But, since some past decades due to the transforming and busy 

lifestyle people are moving away from the nutrition domain due to which effect of diseases and health 

problems are raising at an alarming rate in these days. Therefore, people are also now again giving due 

importance to nutritional aspects and including nutri rich element in their daily diet. In context to this, a 

new term has been coming into existence which is called as Nutraceuticals. This term was first coined by 

Dr. Stephen De Felice in the year 1989 which is a combination of nutrition and pharmaceuticals (Jack, 

1995; Brower, 1998 and Mannion, 1998). 

Nutraceuticals are the products derived from food sources which provide both nutrition and medical 

benefits. Products like dietary supplements, herbal products and vitamins come under the umbrella of 

Nutraceuticals. These compounds contain highly active bio compounds derived from a natural source which 

helps in the treatment of diseases or deficiencies or other disorders. Many a times, people get confused 

Nutraceuticals with Pharmaceuticals but there is a huge gap in these two. Pharmaceuticals are used as 

drugs mainly to treat diseases, whereas, nutraceuticals are those that are meant for acting as a supplement 

along with preventing diseases (Dutta et. al., 2017). 

Some of the Advantages of Nutraceuticals are 
1. It is derived from food source. 

2. It is meant for nutrition supplement and treating diseases both. 

3. It hardly has any side effects. 

4. Possesses immense potential as medicines and therefore, helps in treating ample number of diseases. 

5. Rich in anti-oxidants. 

Its Types 
Nutraceuticals in general comes under two general categories: dietary supplements and functional food. 

Dietary supplements are those which contain the nutrient from food source and processed into a suitable 

composition and contain amino acids, herbs, vitamins, minerals, certain enzymes or their combinations. 

On the other hand, dietary supplements are taken in the form of tablets, capsules, syrups, powders, energy 

bars etc. 

Functional foods are the foods which provide additional health benefits besides the key nutrition element. 

These mainly include fortified, enriched or enhanced food matters when consumed regularly in our daily 

diet. For example: yoghurt, whole grains, pasta etc. 

Some of the important horticultural crops with the key nutraceuticals’ element along with their 

benefits are stated as below: 

Sl. No. Crop Nutraceutical 

present 

Health benefits Reference 

1 Pineapple Bromelin Anthelmintic, Diaphoretic, unripe fruit 

improves digestion and can be used for 

dyspepsia, also have anti diabetic and 

antioxidant properties. 

Khan et.al.(2011) 
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2 Lemon Hesperidin, 

Gerianol 

Rich source of Vitamin C this increase 

resistance to fever and cold, 

Antiseptic, juice is good for asthma, 

headache and arthritis, blood and body 

purifier and a mild diuretic. 

Bertuzzi et. al., 

2013 

3 Guava  Eugenol, 

essential oil and 

minerals 

Laxative. Gutierrez et. al. 

(2008) 

4 Papaya Papain Laxative, Anthelmintic, Diuretic, 

Digestive 

Anibijuwon and 

Udeze (2019) 

5 Mango Mangiferin Antimicrobial and antioxidant 

properties,  

Stoilova et. al., 

2005 

6 Banana Vitamin A, 

Tanin 

Laxative, astringent, nutrient, 

emollient 

Imam and Akter, 

2011 

7 Okra Mucilage Stabilizes blood sugar, possesses anti-

ulcer properties. 

Kahlon et. al., 

2007 

8 Tamarind Glycosides and 

Tartaric acid 

Anti-microbial, anti-inflammatory, 

anti-oxidant. 

Doughari, 2006; 

Iftekhar et. al., 

2006 

9 Cucumber Cucurbitacin Helps in acidosis, fever, constipation, 

high blood pressure, obesity 

Shohag et. al. 

(2012) 

10 Tomato Lycopene Helpful in arterial and cancer disease Panigrahi and 

Sahoo (2011) 

11 Ginger Gingerol, 

oleoresin 

Antioxidant and antibacterial 

properties 

Tan and Vanitha 

(2004) 

12 Turmeric Curcumin Antibacterial, antifungal etc. Prasad and Tyagi, 

2015 

Source: Mahima, Amit Kumar Verma, Ruchi Tiwari, K. Karthik, Sandip Chakraborty, Rajib Deb 

and Kuldeep Dhama, 2013. Nutraceuticals from Fruits and Vegetables at a Glance: A Review. 

Journal of Biological Sciences, 13: 38-47. 

Apart from the above nutraceuticals many more are there which have been also reported like Fatty acids, 

omega-3 PUFAs, terpenoids in Peppermint, essential oils in Aonla etc. 

Conclusion 
Many findings have been reported which describes the importance of Nutraceuticals in this era. Many a 

times these are found to have advantages over the synthetic drugs. Moreover, it is also notably to be 

mentioned that in the present pandemic situation, it can play a vital role in attaining nutrition and 

immunity boosting elements in our body. Therefore, it can be finally concluded that Nutraceuticals are a 

very good source by which we can be healthy and live a nutri rich life. 
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Introduction 
Plant based healthy foods such as fruits and vegetables are the source of dietary nutrients, and other 

natural bioactive compounds (anthocyanins, phenols, vitamins, and flavonols) which have indigenous 

antioxidant properties (Malaterre et al., 2017). Their reduced intake leads to poor health and malnutrition. 

Fruits such as apples, papaya, berries, and pomegranate are  very effective in decreasing the risk of 

cardiovascular diseases, while citrus fruits (orange, kinu, mousami, or lemon) show a moderate effect on 

blood pressure. 

Fruits and their Peels 
Generally, fruits consumed as fresh fruit or as juice whereas, peels are discarded in huge amount (Fig 1). 

Botanically, the peel is known as exocarp of fleshy fruits. They possess number of natural compounds like 

flavonoids, phenols, ascorbic acid, and carotenoids which are rich in minerals such as calcium, manganese, 

zinc, and Vitamins. Many reports documented those citrus peels contain the highest amounts of flavonoids 

and polyphenols as compared with the other parts of the fruit. In many fruits, tryptophan (essential amino 

acid) condensed mainly in their peels and can convert into serotonin, which helps in treating depression 

(Afsharnezhad et al, 2017). 

Application of Fruit Peels Waste 
Conversion of fruits peel waste into some useful product solves two problems, as follows: 

1. It reduces the unnecessary burden of the environment. 

2. To conserve or utilization of the natural compounds present in it. 

 
Fig 1. Different fruits and their peels: a. Pomegranate, b. Apple, c. Banana, d. Mousami, e. 

Kinu 

a.

e.

d.

c.

b.
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Many reported various ways of utilization of antioxidants present in fruit peel waste such as watermelon 

peel which contain citrulline, when mixed with the cake batter in the powdered form, increases the shelf 

life of cake. Antioxidant extracts of orange, pomegranate, and lemon peels were added in paneer and 

observed that the peroxide value of paneer changes as compare to the paneer having no peel extract. 

Antioxidant Potential of Fruits Peel 
Pomegranate: The pomegranate (Punicia granatum) has a dark red coloured peel, accounts for 40–50% 

of the total fruit weight, and serve as a good source of valuable bioactive compounds, including flavonoids 

(catechins or anthocyanins), phenolic acids (hydroxybenzoic acids and hydroxycinnamic), hydrolyzable 

tannins (gallic acids and pedunculagin), protein, minerals (calcium, magnesium, and potassium), and fatty 

acids, etc. Some studies show that pomegranate peel extract has significant DPPH anti-oxidant activity 

and high phenolic content reported in the aqueous extract. 

It also shows the good ability to prevent peroxide formation in oil and fat containing foods due to its higher 

antioxidant activity. 

Apple: Apple (Malus domestica) and its parts such as pulp, seeds, and peels possess high medicinal value 

and serve as a potential source of flavonoids, phenolic, minerals, and vitamins. They play a physiological 

role in protecting the fruit from ultraviolet radiation hence, the peel exhibits a more antioxidants activity 

than the main fruit.  

Banana: The concentration of calcium, iron, manganese and sodium were found 19.20, 0.61, 76.20, and 

24.30 mg/ 100 respectively in the banana fruit. The mature banana peel is yellow and comprises about 35% 

weight of the whole fruit weight. 

It has been conventionally used as medicinal material for the treatment of various ailments such as 

heartburns, ulcers, inflammation, diarrhoea, diabetes, and cough. It speels often use as homemade therapy 

for skin problems like allergies and skin irritation. Antioxidants were reported in banana peel which 

includes vitamin C, tocopherol, phenolic groups, gallocathechin, and dopamine, etc.  

Mousami: Citrus limetta commonly called sweet lime or mousami in India. Citrus peels represent 50 to 

65% of total fruit waste and remain as the primary by-product of the fruit processing industry. Mousami 

peel is greenish-yellow in colour and contains oil which has a strong refreshing aroma and used in different 

industries like food, beverages, and pharmaceuticals. 

Jee (2009) reported that mousami peel shows better antioxidant activity than the synthetic antioxidants 

such as ascorbic acid and BHT by FRAP and ABTS assays. 

Kinu: Kinu (Citrus reticulata) is a hybrid of two different citrus cultivars- (Citrus noblis) and (Citrus 

deliciosa). Kinu peels are orange in colour and it contains 41.57 mg/100g ascorbic acid, 1.38 % acidity, 6.23 

% total sugars, 0.67 % ash, 5.99 % reducing sugars,13.65 mg/100g carotenoids, 1.85 % pectin, and 0.77 % 

fat. It also contains 7.43 mg/100g β-carotene, limonin (4.69 mg/g approx), and naringin (0.420 mg/g, approx).  

Their peels are rich in bioactive compounds like polyphenols, carotenoids, and essential oils that contribute 

to antioxidant activity. 

Conclusions 
Identification, extraction, and characterization of various bioactive compounds present in the fruit peels 

are a necessary step before processing invaluable products.  

Adopting good processing practices  is necessary for the formulation of any plant-based material. WHO set 

up some guidelines for the approval of any plant material? Processing practices include sample preparation, 

identification of active compounds, and  quality control. 
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Introduction 
Growth medium plays an important role in growth and yield of crops grown in containers. An ideal growth 

medium of suitable proportion of various components is essential for production of quality crops. The 

growing medium should have appropriate aeration, water holding capacity and drainage for efficient 

functioning of the root system. Different materials can be used depending on their properties, availability 

and cost. Soil, sand and FYM are commonly used to prepare the growth medium. Usually soil, sand and 

FYM are taken in 1:1:1 ratio to prepare the growth medium. Sand is used in the growth medium to facilitate 

aeration and drainage. Due to non-availability of sand and its high cost, the possibility of substituting sand 

with coir pith is to be explored. Coir pith is abundantly available in Kerala as a by-product of coir industry. 

Besides, use of coir pith as a component of growth medium will reduce the weight of the container which is 

especially advantageous for farming on house terrace. 

Properties of Coir Pith 
Coir pith, the mesocarp of the coconut, is a waste product of coir industry.  It is a spongy material  having 

a porosity of  70%  and above 500% water holding capacity. Due to its high C : N ratio, it is necessary to 

use  the optimum proportion of coir pith in the growth medium for achieving high yield.  Coir pith has high 

cation exchange capacity and can retain large amounts of nutrients, and adsorption complex has high 

contents of exchangeable K, Na, Ca and Mg. It has low bulk density and particle density .  Due to this high 

nutrient storage capacity, coir pith can prevent the loss of nutrients and due to the presence of nitrification 

inhibitors, it can prevent the loss of nitrogen (N) by reducing the nitrification (Prabhu and Thomas, 2002).  

The organic carbon content of raw coir pith was reported to be around 29 per cent by Ramamoorthy et al. 

(2000). Coir pith is reported to be acidic in nature (Jeyaseel and Raj, 2010). Coir pith also increased the 

oxygen supply to the rooting medium (Nagarajan et al., 1985). Application of coir pith helps to retain water 

and improve aeration in root zone because of its sponge like structure. 

Coir Pith as a Component of Growth Medium 
Coir pith has beneficial properties such as it can be used in agriculture as a rooting medium, mulching 

material, and as soil conditioner to improve soil drainage (Hume, 1949). Cresswell (1992) reported the use 

of coir pith as a growth medium for several ornamental and agronomic crops and recommended it as a 

substitute for peat in growth media. Coir pith can be used in growth medium as a component alternative 

to peat due to its favorable physical and chemical properties (Savithri and Khan, 1994). 

Suharban et al., (2004) observed that the best medium for anthurium cultivation is that the combination 

of coarse sand, coconut husk and coir pith in the ratio of 1:1:1 or coarse sand, coconut husk, dry cow dung 

and coir pith in the ratio of 1:1:1:1 among seven different media. Jeyaseel and Raj (2010) found that coir 

pith can be successfully used as soil less medium for crops like brinjal, bhindi and tomato. Reghuvaran and 

Ravindranath (2013) reported that coir pith is an ideal medium for plant growth, it helps to keep low soil 

temperature, being a poor conductor of heat. 

According to John et al. (2015),  the best yield of brinjal grown in containers was obtained with  cow dung 

+ coir pith in 1:1 proportion among different growth media and  for bhindi, cow dung + coir pith in 1:1 

proportion  was  on a par with soil+ sand+cow dung in 1:1:1 proportion. 

A study conducted by Limisha and Swadija (2020) to standardize growth medium, nutrient and irrigation 

schedule for elephant foot yam grown in containers, revealed that the best growth medium for container 

cultivation of elephant foot yam is soil, coir pith and FYM in 1:1:1 ratio by volume (9 kg soil + 3 kg coir pith 

+ 3 kg FYM). 
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India holds premier position in pulses production and contributes about 25% to the total global pulse 

basket. During 2016-17, India produced 22.95 million tonnes of pulses from 29.50 million ha with 

productivity of 779 kg/ha (GOI, 2017). About a dozen of pulse crops namely chickpea, pigeon pea, mung 

bean, urd bean. Lentil, field pea, lathyrus, cowpea, common bean, mothbean, horsegram and ricebean are 

cultivated in different agro-ecological regions of the country. Pulses are important constituents of the 

Indian diet and supply major part of the protein requirements. Pulse crops, besides being rich in protein 

and some of the essential amino acids, enrich the soil through symbiotic nitrogen fixation. The declining 

per capita availability of pulses from 69 g in 1961 to 31.6 g in 2010 in the country has been a serious 

concern. The consumption of protein from all sources of food in India falls below the requirement of a 

healthy person and thus Protein Energy Malnutrition (PEM) has been identified as a major health and 

nutritional problem. To alleviate PEM, a minimum of 70 g pulses per capita per day should be available as 

advocated by Indian Council of  Medical Research, in addition to other sources of protein. Therefore, the 

production of pulses has to be increased internally to bridge the gap between availability and requirement. 

To meet the country’s requirement, we would require a minimum of 30.3 million tonnes of pulses by 2020 

(Satya Sundaram, 2010) 

The over dependence on fertilizer would cause depletion of natural deposits and the import of fertilizers or 

raw materials used in their manufacture would cause heavy drain of foreign exchange reserves. Besides, 

fertilizers are also prone to various losses consequently causing nutrient loss, as well as environmental 

pollution. Further, continuous and non-judicious use of costly fertilizers adversely affects chemical and 

biological properties of the soil and thus hampers soil productivity and quality. Hence, there is an urgent 

need for INM in pulse production. 

Mukherjee (2016) advocated that for obtaining maximum grain yield as well as profit from field pea seed 

should be inoculated with Rhizobium + PSB before sowing. In addition to vermicompost  along with the 75 

% recommended dose of fertilizer. The application of FYM @ 5 t/ha increased the seed and stover yield and 

uptake of N,P&K by urdbean (Rathore et al.,2010). 

Singh and Singh (2012) worked with phosphorus levels and bioinoculants in pigeonpea at Varanasi 

UP.They found that yield attributes (pods/plant, grains/pod and 100 grain weight are 342.7, 4.5 and 123 g 

respectively) was maximum with dual seed inoculation with PSB + PGPR and lowest in control. Ram et 

al.(2013) reported that yield (grain and biological)of lentil was highest (1.63 t/ha and 4.01) with N, P, K &S 

(20, 17, 16 & 20 kg/ha) + VC 2t/ha which was at par with N, P,K & S (20, 17, 16 & 20 kg/ha) + FYM 5t/ha 

and significantly superior to all other treatments. 

NPK (20:40:40 kg/ha), FYM @ 10t/ha and Rhizobium @200 g/10 kg seed was found to be the best, in 

increasing plant height, no. of leaves/plant, no. of branches/plant no. of pods/plant and total seed yield 

(Meena et al.). Jat et al. (2012) conclusively stated that the post rainy season green gram should be supplied 

with 20 kg N and 40 kg P2O5 in conjunction with 5t FYM/ha for getting higher productivity, grain quality 

and economic returns. At Ranchi centre integrated use of organic and inorganic fertilizer was found 

superior over inorganic application alone to the tune of 16.25 % (Annual Report, 2010-11, AICRP on 

Chickpea). 

Conclusion 
Combined use of RDF along with 5 FYM or 2.5 t Vermicompost/ha showed improvement in yield and quality 

parameters of pulses. Seed inoculation with Rhizobium +PSB could enhance the efficiency of applied N & 
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P fertilizers besides improving yield and quality. Supplementation of fertilizers with micronutrients in 

deficient soils further enhanced the yield and quality of pulses. 
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Meeting societal demand for food is a global challenge as recent estimates indicate that global crop demand 

will increase by 100 to 110% from 2005 to 2050 (Tilmann et al.,2011). Efficient agricultural production and 

management practices are required to fulfill that demand without compromising the environment and 

agricultural resources. An important aspect is efficient water and nutrient use. 

However, there is diminishing marginal productivity associated with nutrient addition such as that 

marginal yields are declining at higher fertilization levels (Tilmann et al.,2002). Nutrient use efficiency is 

defined as the maximum economic yield produced per unit of nutrient applied, absorbed or utilized by the 

plant to produce grain and straw. Chemical fertilizers are one of the expensive inputs used by farmers to 

achieve desired and economic crop yields. Recovery of applied inorganic fertilizers by plants is generally 

low in many soils. Estimates of overall efficiency of these applied fertilizers have been about 50% or lower 

for nitrogen, less than 15-20% for phosphorus and close to 40% for potassium. Dobermann,( 2005) used data 

from over 800 experiments to estimate that, on average, only 51% of the N applied was recovered by the 

above ground parts of cereals. A variety of practices and improvement are suggested in a scientific 

literature to increase nutrient use efficiency in agriculture, such as multiple cropping systems, site specific 

nutrient management, reduced tillage ,INM, weed management ,balanced fertilization aided with modern 

tools like green seeker, SPAD, GPS, GIS etc. 

Patra et al.(2012) reported that agronomic deficiency of nutrients in groundnut was the highest (32,51 kg 

pod/kg N) with phosphocompost @ 5t/ha which was at par with 100% RDF and significantly superior to all 

other organic manures. The results show that phosphate fertilizer which was present in PC & RDF played 

a key role in increasing pod yield. It means adequate P fertilization in groundnut is essential for gaining 

optimum yield. 

Singh and Singh.(2012) worked with phosphorus levels and bioinoculents in pigeonpea at Varanasi U.P. 

They found that agronomic and physiological efficiency of phosphorus (AEp & PEp) was the maximum with 

application of 25 kg P2O5/ha followed 50 kgP2O5/ha and the lowest was with application of 75 kg P2O5/ha. 

Phosphorus use efficiency were the highest with PSB followed by dual inoculation of PSB +PGPR and the 

lowest with PGPR alone. 

Meena and Singh.(2011) observed that nitrogen use efficiency in late sown zero till wheat ,the treatment 

having the highest grain yield resulted in better nutrient use efficiency Seed rate of 120 kg/ha had the 

highest nitrogen use efficiency when compared with 100 and 140 kg/ha Similar trend was also found in 

weed control treatment. Treatment showing the highest grain yield viz. metsulfuron methyl 2g/ha 

+sulfosulfuron 30g/ha had better nitrogen use efficiency when compared with maximum weed competition 

plots i.e., weedy. 

Gill and Walia.(2013) conclusively stated that nitrogen use efficiency was recorded significantly higher in 

machine transplanting after puddling followed by direct seeded Basmati rice with brown mannuring and 

machine transplanting in zero tilled plots with brown mannuring. It means  nitrogen use efficiency with 

machine transplanting after puddling due to increase in biological yield and nitrogen uptake. 

Tripathi et al.(2009) found that three irrigations applied at 20,40 and 60 DAS in coriander recorded 

significantly higher nutrient use efficiency (16.41 kg seed/kg nutrient )over 2 irrigations given at 20 and 40 

DAS. Three and four irrigations remain statistically at par in respect to nutrient usebut reduction in 

nutrient use was noted with increasing levels of fertilizer application and maximum (20.95 kg seed /kg 

nutrient )was recorded with 50 % RDF. 
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Conclusion 
Improving  nutrient use efficiency is a worthy goal and fundamental challenge across the globe and more 

so in developing country like India. There are so many tools are available to accomplish the task of 

improving the efficiency of applied nutrients. However, we must be cautious that improvement in efficiency 

do not come at the expense of food and nutritional security the farmers economic viability or the 

environment. 
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Introduction 
In humans and animals, defenses against pathogens are often activated by natural or artificial 

immunization, i.e., by a subminimal natural infection with the pathogen or by an artificial injection of 

pathogen proteins and other antigenic substances. Both events result in the production of antibodies 

against the pathogen and, thereby, in subsequent prolonged protection (immunity) of the human or animal 

from infection by any later attacks of the pathogen. Plants, of course, do not have an immune system like 

that of humans and animals, i.e., they do not produce antibodies. 

Definition 
An antibody produced in a transgenic plant encoded by animal genes are called plantibody (Agrios, 2005). 

It has already been shown that transgenic plants producing plantibodies against coat proteins of viruses, 

e.g., artichoke mottle crinkle virus, to which they are susceptible, can defend themselves and show some 

resistance to infection by these viruses. 

The history of plantibodies dates back to 1989 where for the first-time mouse antibodies were produced in 

a Tobacco plant. In nature, production of antibodies is a part of animal system but once the sequences of 

different antibody genes were found out, these were transferred into plants to test their expression in the 

plant system. Though the production of antibodies in plants is unnatural, it was found that the plantibodies 

functioned normally like those produced in the animal system. 

The functions of endomembrane system of a plant cell majorly comprising of endoplasmic reticulum and 

golgi complex have been extensively exploited in production of plantibodies. The plantibodies can be a 

product of expression of a complete full-length antibody or a single chain/ domain of the antibody or a 

fragment of the antibody. The plantibodies thus produced can be used as edible vaccines, therapeutic/ 

diagnostic monoclonal antibodies, or for disease resistance in plants (immunomodulation).   

Why to Choose Plants for Antibody Production? 
Though there are other systems in which antibodies can be produced, but of late for the following reasons, 

plants are being utilized for the production of plantibodies. 

1. Easy transport as seeds, more viability. 

2. Correct modification and proper folding of proteins in ER. 

3. Ability to express combined transgenes by sexual crossing/ hybridization. 

4. Flexible production size, low cost. 

5. Large scale production in bioreactors/ whole plants. 

6. Low contamination risk by bacterial enzymes, toxins and viruses. 

7. No ethical issues. 

Plantibody Production: General Strategy 
1. Clone a gene of interest. 

2. Transform to the host: After synthesis of an effective gene construct, the first step in the process of 

Plantibody production is the transformation of this construct into a plant system. The transformation can 

be done either by indirect (Agrobacterium mediated transformation) or direct (gene gun, liposomes, PEG, 

microinjection etc) methods. Usually, the indirect method that employs Agrobacterium is more reliable.  
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3. Grow the host species, recover biomass: After successful transformation, the transformed cells/ 

plants can be multiplied. For cells, usually cell suspension cultures are maintained in bioreactors 

4. Process biomass. 

5. Purify product of interest (downstream processing): Once a good number of cells have been 

obtained, the plantibodies are isolated and purified. 

6. Deliver product of interest. 

 
Figure 1. Production of Plantibody 

The plants transformed with chains of different antibodies can also be crossed by artificial hybridization. 

This would result in production of hybrid antibodies or dual-purpose antibodies. 

Purification and Evaluation of Plantibodies 
Once the gene construct is successfully transformed and expressed in the plant system, the next step would 

be to isolate and purify the target protein, i.e., the plantibody for making it available for therapeutic 

purposes. There are many methods by which a protein (plantibody) can be isolated and purified mainly 

Filtration: Immuno-fluorescence: Chromatography: Diafiltration. 

Evaluation of Plantibody 
Once the isolation and purification are done, the so isolated plantibodies must be assessed for their purity 

and quantity before using them for therapeutic purposes. The evaluation of plantibodies can be done at 

various levels by using different methods that have been discussed here under: 

1. Radio-binding assay and Northern blot analysis. 

2. ELISA and Western blot analysis. 

3. Immuno-fluorescence and Southern blot analysis. 

Immunomodulation 
It is a molecular technique that allows the interference with cellular metabolism or pathogen infectivity by 

the ectopic expression of genes encoding antibodies or antibody fragments. 

Jaeger et al. (2000) identified potential mechanisms of antibody-mediated in vivo modulation of protein 

mainly:  

1. Competitive inhibition: Binding of the antibody on the substrate or ligand-binding site of an enzyme 

or receptor blocks interactions between enzyme and substrate or between receptor and ligand directly by 

competitive inhibition. 

2. Allosteric inhibition: Binding of the antibody on other sites of the enzyme or receptor can cause 

allosteric inhibition by inducing structural changes in the active site or ligand-binding site. 

3. Binding of the substrate or ligand itself. 
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4. Interference with protein folding: Furthermore, antibody binding can interfere with the protein 

folding either directly or by hindering the interaction with chaperones.  

5. Prohibiting protein complex formation: The formation of quaternary protein structures, such as 

multienzyme complexes, can be prohibited.  

6. Mistargeting: The antigen can be mistargeted as a result of antibody binding, such as retention in the 

Endoplasmic Reticulum  of ER-translocated secretory proteins or metabolites.                    

Applications of Plantibodies 
1. Human applications: Treatment of dental caries caused by Streptococcus mutans. Painting of 

plantibodies onto teeth imparted protection for four months. Plantibodies for Malaria, Ebola virus and 

cancer are also being produced. Edible vaccines for immunization against human diseases (tomato for 

diarrhoea, banana for hepatitis and potato for cholera) 

2. Plant applications: Immunomodulation – impart resistance against pests and pathogens. Protection 

against nematodes (potato cyst nematode) by using salivary proteins as an antigen source or source of 

stimulus. Imparting viral resistance in plants (artichoke mottled crinckle virus, tomato spotted wilt virus, 

potato leaf roll virus). 

Table 1: Plantibody mediated resistance against plant diseases (Safarnejad et al., 2011): 

Year Disease agent Targeted protein Transformed species Cellular localization 

1993 ACMV Coat protein Nicotiana benthamiana Cytosol 

1995 TMV Coat protein N. tabacum cv. Xanthi Apoplast 

1997 BNYVV Coat protein N. benthamiana ER 

1998 TMV Coat protein N. tabacum cv. Xanthi Cytosol 

1998 Stolbur 

phytoplasma 

IMP N. tabacum Cytosol 

1998 maize stunt 

spiroplasma 

IMP Zea mays Cytosol 

2000 TMV Coat protein N. tabacum cv. Petite 

Havana SR1 

Plasma membrane 

surface 

2000 PVY strains 

Y&D 

Coat protein N. tabacum cv. W38 Apoplast, cytosol 

 

2001 

CYVV strain 

300 

TMV 

 

Coat protein 

 

N. tabacum cv. Samsun 

NN 

 

Cytosol 

2004 Fusarium 

oxysporum f. sp. 

matthiolae 

Cell-wall bound 

proteins 

Arabidopsis thaliana Apoplast 

2004 TBSV, CNV, 

TCV, RCNMV 

RdRp N. benthamiana Cytosol, ER 

2005 Stolbur 

phytoplasma 

IMP N. tabacum Apoplast, cytosol 

2005 CMV Coat protein N. benthamiana Cytosol 

2005 TSWV Nucleoprotein N. benthamiana Cytosol 

2006 PVY NIa protein Solanum tuberosum Cytosol 

2008 PLRV P1 protein S. tuberosum Cytosol 

2008 TSWV Movement protein N. tabacum cv. Petit 

Havana SR1 

Cytosol 

2008 F. asiaticum Cell-wall bound 

proteins 

Triticum aestivum Apoplast 

2009 GFLV, ArMV Coat protein N. benthamiana Cytosol 

2009 PVY NIa protein S. tuberosum Cytosol 

2009 TYLCV Rep N. benthamiana Cytosol 
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2010 CTV p25 major coat 

protein 

Citrus aurantifolia Cytosol 

2010 Sclerotinia 

sclerotiorum 

Hyphal proteins Brassica napus Cytosol 

2011 PPV NIb protein N. benthamiana Cytosol, ER, nucleus 

References 
1. Agrios GN. 2005. Plant pathology. San Diego, CA: Academic Press 

2. Daniell,H. Stephen J. Streatfield and  Wycoff, K.2001. Medical molecular farming: production of antibodies, 

biopharmaceuticals and edible vaccines in plants. TRENDS, Plant Sci 6 (5):219-226. 

3. De Jaeger, G., De Wilde, C. and Eeckhout, D. 2000. The plantibody approach: expression of antibody genes in plants to 

modulate plant metabolism or to obtain pathogen resistance. Plant Mol Biol. 43: 419–428. 

4. Safarnejad, M.R., Jouzani, G.S., Tabatabaei, M. Twyman, R.M. and Schillberg S. 2011. Antibody-mediated resistance against 

plant pathogens. Biotechnol Adv. 29(6):961-971. 

  



 

 
Volume 3 - Issue 6 - June 2021       702 | P a g e  
 

Value Addition of Underutilised Ficus Auriculata Leave 
Article ID: 11252 

Y. Prabhabati Devi1, Kumari Sunita2, Y. Jamuna Devi3 
1Krishi Vigyan Kendra, Chandel, ICAR-Manipur Centre. 

2Krishi Vigyan Kendra Madhopur West Champaran. 
3Standard College, Kongba, Imphal, Manipur. 

 

 

Introduction 
Ficus auriculata is an evergreen to semi deciduous shrub, 5-10m tall of the Moraceae family and genus 

Ficus. Bark is greyish brown in colour and rough in texture. The branches are reddish brown in colour 

measuring 1-1.5cm thick and leafless in middle of the stem. Leaves are large and thick alternately arranged 

with thick petiole and broadly obovate-elliptic to elliptic in shape. Leaf margin is regularly dentate and 

apex obtuse. It is also known as elephant ear fig tree because of large leaves and it is commonly known as 

Timla, Gular, Tirmal. This plant contains  different phytoconstituent like alkaloid, saponins, glycosides, 

phytosterols, resins, carbohydrate, phenols, tannins, deterpenes, flavanoids, proteins and amino acids 

which are very helpful for the human body. Ficus auriculata is one of the underutilised shrubs grown wildly 

in the North-eastern part of India especially in Manipur. Manipur is a biodiversity hotspot of many 

underutilized herbs, shrubs, fruits and vegetables and is considered as one of the hotspots of global 

significance. The state falls under the Indo-Myanmar centre of biodiversity ranging from tropical to 

subtropical and temperate deciduous forest. More than 60% of the geographical area is covered under forest 

and all the ethnic groups have been directly or indirectly depending upon natural resources for food. The 

people of North East have a tradition of conserving edible plants in nature for religious belief and herbal 

health. Ficus auriculata is an evergreen to semi deciduous shrub or small tree having high nutritional and 

medicinal value. It contains many essential vitamins, mineral, antioxidant which is very important for the 

prevention of diabetes, heart disease and cancer. The young tender red colour leaf is consumed as raw or 

cook by the people of North east from time immemorial as dietary food. It is grown wildly in many forests 

of North East regions and also in some part of India. In olden time people consume both fruits and leaf for 

therapeutic purpose. This leaves have a good antioxidant and pharmacological properties. Different value-

added products can be prepared with other ingredients which indirectly helped to  increase the nutritional 

thali of North-East people to certain extent. Different value-added products can be prepared from ficus 

auriculata leaves which is very nutritious and can act as a nutrient enrichment for increasing food and 

nutritional security of all age groups of peoples. These leaves are very useful specially for diabetic patient 

as it is a good medicine for the person who have diabetis problem. Some of the value-added products of  

F.auriculata leaves are nutri rich chutney, dry chutney and mixed salad.  The method for preparation 

different processed productsof Ficus auriculata leaves are given below.  

Table 1. Proximate Nutritional Value of Ficus auriculata Leave: 

Moisture pH TSS (%) Acidity 

(%) 

Total 

sugar (%) 

Protein 

(%) 

Fat (%) Starch 

(%) 

B 

(mg) 

87.9 5.39 4.42 6.47 4.15 3.5 1.71 13.13 0.03 

Vit. C 

(mg) 

B-

carotene  

(mg) 

Ca (mg) Mg (mg) K (mg) Na (mg) P (mg) S (mg) Fe 

(mg) 

5.48 898 15.6 68.0 329 29 31 0.02 5432 

Medicinal Value of Ficus auriculata Leave: 

1. The crushed leaves paste are used for the treatments of cuts and wounds. 

2. It is used for treatment in diarrhoea and dysentery. 

3. It is used in mumps, cholera and vomiting. 

4. It is used for the treatment of diabetes. 

5. It is used for the preservation of cancer. 

6. It has antibacterial, antifungal activity, anti-oxidant activity, and hepataprotective activity. 
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7. It has antiproliferative activity against cervical cancer. 

8. The latext from the stem is also used for the treatment of  any infection. 

 
Ficus auriculata leaves 

Eromba (Chutney) 
Ingredients: 

Ficus  auriculata leaf: 500gm Dry Chilli: 30gm Mustard oil: 15 ml 

Bean: 250gm and potato:100gm Onion: 100gm Salt: To taste 

Method: 

a. Wash young tender leaf. Boil bean, potato Ficus auriculata leaves and little chilli till it cook 

properly. 

b. Strain water and mash with motar. 

c. Fry onion and chilli in little oil till onion become slight yellowish color. 

d. Make paste of chilli and fried onion with salt. 

e. Mix the chilli paste with mashed F.auriculata leaf, potato and bean. Then add remaining 

extracted water and mix properly.  

f. Now it is ready to serve. 

 
Chutney (Eromba) 

Kangshu (Dry Chutney) 
Ingredients: 

Ficus auriculata leaf: 500gm Roasted chilli: 30gm Mustard oil: 15ml 

Broken dry pea: 200gm Onion: 100gm Salt: To taste 
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Method: 

a. Wash young tender leaves of Ficus auriculata. Steam it for 10 – 20 minutes. 

b. Squeeze out water and cut into small pieces. Boil-soaked pea in a pressure cooker for 10 minutes 

till it cooks properly. 

c. Strain water and coarsely ground pea into pieces.  

d. Fry onion and  chilli in little oil till onion become slightly yellow color 

e. Make chilli, fried onion and  salt in to paste. 

f. Mix pieces of Ficus auriculata leaves and grounded pea with chilli paste and mix properly till all 

the ingredients are well blended together. 

g. Garnish with spring onion and coriander leaf and it is ready to serve. 

 
Dry Chutney (kangshu) 

Singju (Mix Vegetable Salad) 
Ingredients: 

Ficus auriculata leaf: 300gm Pea leaves: 200gm Linseed:150gm 

Cabbage: 200gm Powder pea: 250gm Chilli powder: 50gm 

Komprek: 100gm Besan: 200gm Salt: To taste 

Method: 

a. Wash and cut tender Ficus auriculata leaves, cabbage and other vegetables. 

b. Roast and grind soaked  pea. 

c. Roast and grind linseed into powder. 

d. Roast besan till becomes slightly yellow. 

e. Mix chilli powder, salt, Ficus auriculata leaves and other vegetables, pea powder, besan & linseed 

powder. 

f. Mix it properly and it is ready to serve. 

 
Mix-vegetable salad (singju) 
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Conclusion 
Ficus auriculata is a small tree or shrub growing wildly in North East India. These leaves were consumed 

by the people of North East State from the time immemorial as a part of food item without knowing any 

food value. The young tender Ficus auriculata leaves have high nutritional and antioxidant properties. 

These leaves also provide a significant contribution in terms of nutritional and medicinal value. Different 

people of North East state consume these leaves in their own traditional way of cooking. By introducing 

new technology of cooking and updating new recipe, the taste and nutritional value can be increased to 

certain extent. In Manipur it is consumed as a salad, singju, chutney and dry chutney. Value addition of 

Ficus auriculata leaves with beans and other ingredients helps to increase the nutritional status of people 

of different age group. So, people should be encouraged to consume this food. It can be a part of daily 

nutritional food item having lots of benefit without spending much money. 
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Abstract 
Climate is the primary determinant of agricultural productivity. Concern over the potential effects of long-

term climatic change on agriculture has motivated a substantial body of research over the past decade. 

This body of research addresses possible physical effects of climatic change on agriculture, such as changes 

in crop and livestock yields, as well as the economic consequences of these potential yield changes. This 

paper reviews the extant literature on these physical and economic effects and interprets this research in 

terms of common themes or findings. Of particular interest are findings concerning the role of human 

adaptations in responding to climate change, possible regional impacts to agricultural systems and 

potential changes in patterns of food production and prices. Limitations and sensitivities of these findings 

are discussed and key areas of uncertainty are highlighted. Finally, some speculations regarding issues of 

potential importance in interpreting and using information on climate change and agriculture are 

presented. 

Keywords: Climate change · Agriculture · Economic consequences · Regional effects · Adaptations · 

Uncertainty. 

Introduction 
Climate is the primary determinant of agricultural productivity. Given the fundamental role of agriculture 

in human welfare, concern has been expressed by federal agencies and others regarding the potential effects 

of climate change on agricultural productivity. Interest in this issue has motivated a substantial body of 

research on climate change and agriculture over the past decade. 

Climate change is expected to influence crop and livestock production, hydrologic balances, input supplies 

and other components of agricultural systems. However, the nature of these biophysical effects and the 

human responses to them are complex and uncertain. For example, crop and livestock yields are directly 

affected by changes in climatic factors such as temperature and precipitation and the frequency and 

severity of extreme events like droughts, floods, and wind storms. In addition, carbon dioxide is 

fundamental for plant production; rising concentrations have the potential to enhance the productivity of 

agroecosystems. Climate change may also change the types, frequencies, and intensities of various crop 

and livestock pests; the availability and timing of irrigation water supplies; and the severity of soil erosion.  

Agricultural systems are managed ecosystems. Thus, the human response is critical to understanding and 

estimating the effects of climate change on production and food supply. Agricultural systems are also 

dynamic; producers and consumers are continuously responding to changes in crop and livestock yields, 

food prices, input prices, resource availability, and technological change. Accounting for these adaptations 

and adjustments is difficult but necessary in order to measure accurately climate change impacts. Failure 

to account for human adaptations, either in the form of short-term changes in consumption and production 

practices or long-term technological changes, will overestimate the potential damage from climate change 

and underestimate its potential benefits. 

This review synthesizes research on the physical and economic effects of climate change on agriculture, 

drawing primarily on experiences in North and South America. The primary objectives are to review 

similarities and differences in this research and to identify common themes and lessons. As a part of this 

identification process, we summarize (1) key findings regarding the role of human adaptations in 

responding to potential climate change; (2) significant differences in possible regional impacts to 

agricultural systems; (3) possible distributional consequences (i.e., winners and losers); and (4) potential 

changes in the level and patterns of food production and prices. 
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The paper builds on recent summaries of agricultural effects (Easterling 1996, IPCC 1996, 

Schimmelpfennig et al. 1996). Findings from the U.S. and Latin America are highlighted, although some 

general evidence regarding world agricultural production is reviewed. Numerical estimates presented here 

should be interpreted as illustrative of the possible consequences of climate change, from which more 

general, qualitative conclusions might be drawn. Estimates of changes in agricultural production are 

dependent upon: how climate changes at regional scales; assumptions regarding adaptation by producers 

and consumers; future technologies; population and income growth; land degradation; macroeconomic 

conditions; changes in international trade barriers; and changes in social and political conditions. The 

results are also sensitive to the assessment methods and models employed in these estimation exercises. 

In Section 2, the biophysical dimensions of climate and agriculture are described, followed by a description 

of adaptation in the agricultural system. Adaptation plays a critical role in translating the physical changes 

in climate and crop response (e.g. yields) into changes in agricultural production, prices, welfare, trade and 

food supply. We highlight this role in Section 3 to underscore the issues of adaptation and adjustment costs, 

implementation constraints, and uncertainty in both detecting signals of climate change and determining 

the potential for adaptation responses. Section 4 summarizes the effects of climate change on crop and 

livestock yields, and reviews the implications of those effects on production, prices, and economic welfare. 

Section 5 presents ‘lessons learned’ and some speculations regarding issues of potential importance in 

interpreting and using information on climate change and agriculture. 

Agriculture and Climate 
Plant systems, and hence crop yields, are influenced by many environmental factors, and these factors, 

such as moisture and temperature, may act either synergistically or antagonistically with other factors in 

determining yields (Waggoner 1983). Controlled field experiments can generate information on how the 

yield of a specific crop variety responds to a given stimulus, such as water or fertilizer. However, by their 

nature, such controlled experiments consider only a limited range of environmental factors.  

An alternative approach to estimate crop yield (changes) is the use of crop biophysical simulation models 

that embed parameters drawn from crop experiments (Ritchie et al. 1989). Because climate change is likely 

to cut across a host of environmental factors, most quantitative estimates of climate change effects on crop 

yields are derived from such crop simulation models (e.g. Rosenzweig & Parry 1994). While the use of crop 

simulation models makes tractable the assessment of climate effects across a range of crops, such models 

also have limitations, including isolation from the variety and variability of factors and conditions that 

affect production in the field.  

Plausible climate change scenarios include higher temperatures, changes in precipitation, and higher 

atmospheric CO2 concentrations. Although temperature increases can have both positive and negative 

effects on crop yields, in general, temperature increases have been found to reduce yields and quality of 

many crops, most importantly cereal and feed grains. 

Increases in precipitation (i.e., level, timing and variability) may benefit semi-arid and other water-short 

areas by increasing soil moisture, but could aggravate problems in regions with excess water, while a 

reduction in rainfall could have the opposite effect. An atmosphere with higher CO2 concentration would 

result in higher net photosynthetic rates (Cure & Acock 1986, Allen et al. 1987). Higher concentrations 

may also reduce transpiration (i.e., water loss) as plants reduce their stomatal apertures, the small 

openings in the leaves through which CO2 and water vapor are exchanged with the atmosphere. 

The net change in crop yields is determined by the balance between these negative and positive direct 

effects on plant growth and development, and by indirect effects that can affect production. These indirect 

effects have been largely ignored in the assessment of climate change effects. Indirect effects may arise 

from changes in the incidence and distribution of pests and pathogens (Sutherst et al. 1995), increased 

rates of soil erosion and degradation, and increased tropospheric ozone levels due to rising temperatures 

(Adams 1986). Additional indirect effects may arise from changes in runoff and groundwater recharge 

rates, which affect water supplies, and changes in capital or technological requirements such as surface 

water storage and irrigation methods. In general, these indirect effects are not captured in existing 

assessments (the exceptions are changes in water supplies). 
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Crop Response to Climate Change 
The effects of climate change on agricultural yields vary by region and by crop. Table 1 summarizes changes 

in crop yields estimated in some recent studies in North and South America. All estimates are derived from 

biophysical simulation models, almost exclusively the CERES family of crop models, for a few important 

agricultural regions within selected countries (see Ritchie et al. 1989 for a description of the CERES 

models). 

The studies in Table 1 typically account for crop sensitivity to temperature ranges and water availability 

by incorporating changes in monthly averages. However, the studies generally do not account for changes 

in variability of climate and extreme events or indirect effects on agriculture (availability of water supplies, 

sea level rise, pests and pathogens, rates of soil degradation, and changes in ozone levels). Additionally, 

the studies generally do not assess impacts to a wide variety of crops, especially important heat-thriving 

crops that may have different vulnerabilities to climate change than grain crops. Indeed, it is not clear that 

crop simulation models developed in temperate climate zones are appropriate for simulation of crop yields 

in tropical areas. 

Despite the limitations inherent in applying crop simulation models, the studies do indicate important 

regional trends. For example, Rosenzweig & Iglesias (1994) note that for a 4°C warming and assuming a 

CO2 fertilizer effect, yields in mid and high latitude countries (e.g. the northern U.S. and Canada) may 

increase, but yields in low latitude countries (e.g. Brazil) decline. Additionally, Rosenzweig et al. (1995) 

find evidence for important threshold effects. For example, their results indicate generally positive crop 

yield responses to temperature increases of 2°C rise but yield reductions at 4°C temperature increases. 

Other studies [cited in IPCC (1996) and Smith et al. 1996)] concur that crop impacts in lower latitudes tend 

to be more negative than crop impacts in higher latitudes, particularly with respect to wheat and maize 

yields. Rice yields are less variable than wheat and maize yield impacts. 

 

Large areas of Latin America are affected by current climatic interannual variability related to the length 

of rainy seasons and the occurrence of extreme events (droughts, floods, etc.). The few studies conducted in 
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the region to specifically assess the impact of climate change on agriculture revealed reductions in yields 

and increased variability in crop productivity. For example, runs of the GISS general circulation model for 

several locations in Latin America predicted temperature increases of 3.0 to 4.5°C, and changes in rainfall 

of –10 to +30%. The implications of this climate change for 4 Latin American countries indicated 10 to 30% 

crop yield reductions (Liverman et al. 1991, Baethgen 1994, de Siqueira et al. 1994, Sala & Paruelo 1994). 

Livestock Response to Climate Change 
Livestock can also be affected by climate and, hence, climate change. Specifically, livestock can be affected 

in 2 ways by climate change: the quality and amount of forage from grasslands may be affected and there 

may be direct effects on livestock due to higher temperatures. There are few studies which address climate 

change effects on livestock, but those which do show effects on performance. For example, warmer summer 

temperatures are estimated to have a suppressing effect on livestock appetite, which leads to lower weight 

gain (Adams et al. 1998). Specifically, Adams et al. (1998) observed that under a 5.0°C increase in 

temperature, livestock yields in the U.S. fell by 10% for cow/calf and dairy operations in Appalachia, the 

Southeast, the Delta States, the Southern Plains, and Texas; for a 1.5°C warming, yield loss was estimated 

at 1%. Hanson et al. (1993) simulated impacts on rangeland livestock production under 3 GCM (global 

climate model) scenarios. Climate change tended to have adverse impacts on livestock production (e.g., low 

milk production) through both declining forage quality and increased ambient temperature. There is 

evidence that intensively managed livestock systems are potentially more adaptable to climate change than 

crop systems because they are better able to adapt to extreme events. Some studies of mid to high latitude 

grasslands found higher productivity under climate change (IPCC 1996). 

The Economic Perspective: Dimensions of Human Response 
Over time, humans have adapted agricultural systems and practices to changing economic and physical 

conditions. This has been accomplished by adopting new technologies (including investments in genetic 

improvements), changing crop mixes and cultivated acreages, and changing institutional arrangements. 

Such flexibility is suggestive of significant human potential to adapt to climate change (CAST 1992, 

Rosenberg 1992). For example, farm level adaptations can be made in planting and harvest dates, crop 

rotations, selection of crops and crop varieties for cultivation, water consumption for irrigation, use of 

fertilizers, and tillage practices. These adaptations are the natural consequence of producers’ goals of 

maximizing returns to their land resource. Each adaptation can lessen potential yield losses from climate 

change and improve yields where climate change is beneficial. At the market level, price and other changes 

can signal further opportunities to adapt. Trade, both international and intranational, can reallocate 

supplies of agricultural commodities from areas of relative surplus to areas of relative scarcity. In the longer 

term, anticipatory adaptation might include the development and use of new crop varieties that offer 

advantages under future climates, or investments in new water management and irrigation infrastructure 

as insurance against potentially less reliable rainfall. 

Economic Approaches to Measuring Climate Change Effects 
A number of economic approaches and models are found in existing economic assessments. A simple 

taxonomy of these methods is to classify them as either structural’ or ‘spatial-analogue’ approaches 

(Schimmelpfennig et al. 1996). The characteristics of each approach are described here.  

A structural approach is interdisciplinary, using models from several disciplines to measure economic 

consequences of climate change. For example, the approach may start by using crop simulation models 

(which often have a microscale orientation of a hectare or smaller) to model yield changes by crop and then 

by region. This general approach thus directly incorporates the effects of climate change on yield. These 

crop simulation models can be adjusted to include the direct effects of increased atmospheric CO2, and 

specific farm-level adaptation activities such as moving planting dates, switching crops, and adding 

irrigation. The number of included adaptations, such as adding or enhancing irrigation, changing crop 

mixes, treatment of crop ‘migration’ potential, or changing input mixes, varies across studies.  

After measuring crop yield changes under different climates (e.g. from GCM forecasts), the yield estimates 

can then be incorporated into economic models of the agricultural sector to estimate changes in acreage 

and supply by crop and by region and consequent changes in market clearing prices. The economic models 
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seek to either minimize costs or maximize consumer and producer welfare subject to the climatic and other 

constraints imposed on the model. This approach has been applied at the state (Kaiser et al. 1993), regional 

(Easterling et al. 1993), and national level (Adams et al. 1990, 1995, 1998). 

The economic models reflect varying levels of farmer adaptation and adjustment. A challenge in 

implementing this structural approach is to identify and incorporate the important adaptations which 

farmers might employ. Because these economic models also typically estimate changes in market conditions 

under climate change (market clearing prices), these changes can be translated into changes in aggregate 

well-being of consumers and producers. Such calculations are needed in order to understand the 

distributional consequences of climate change (i.e., who gains and who loses). 

In contrast to the structural models that simulate crop and farmer responses, spatial-analogue models 

estimate the effects of climate change on agriculture based on observed differences in agricultural 

production and climate between regions. Spatial-analogue models attempt to draw inferences about how 

cooler regions might adopt practices of warmer regions if climate warmed. A key premise is that farmers 

will be both able and willing to adopt the farming practices, crop varieties, and cropping practices of farmers 

in warmer regions.  

Spatial-analogue models can use either statistical or programming methods to analyze changes in spatial 

patterns of production; however, both methods assume costless structural adjustment and adaptation. 

Mendelsohn et al. (1994), for example, used a statistical approach to analyze cross-sectional data of current 

agricultural production across both warmer and cooler regions. They examined the relationship between 

agricultural land values and climate using county-level data in the United States. Mendelsohn et al. 

referred to their procedure as the Ricardian approach because of its focus on land values. Specifically, the 

Ricardian approach uses regression techniques to estimate the effects of various climate, economic, and 

other factors on farmland values. It sidesteps the problems of understanding explicit crop and farmer 

responses to climate by implicitly assuming that the biophysical and economic adjustments imposed by 

climate change will be made automatically (an assumption that can be confirmed today by examining crops 

and behaviors in warmer climates), a fact common to all spatial-analogue models. The approach is based 

on the theory that in competitive market economies, land value is measured by the present value of 

expected net revenues that are derived from the most economically efficient management and use of land.  

In contrast, Darwin et al. (1995) developed and combined a global computable general equilibrium (CGE) 

model with a geographic information system (GIS) model to analyze potential climate change impacts on 

U.S. agriculture, taking into account interactions with nonagricultural sectors and other global regions. 

The GIS component describes regional characteristics of land, climate, water, and agricultural suitability. 

In this approach, climate change is assumed to shift the regional land class and water characteristics, thus 

altering the production possibilities for a given region. The CGE component then estimates the resulting 

economic changes and the effects on regional and global production and price.  

The strength of spatial-analogue approaches is that structural changes and farmer responses are implicit 

in the analysis, freeing the analyst from the burden of estimating the effects of climate change on particular 

region-specific crops and farmer responses. These approaches are also appealing with respect to the 

reasonableness of spatial adaptation as an initial response to climate change, and to the availability of 

spatially disaggregate data regarding current agricultural production, land values, and climate.  

One weakness is that the spatial-analogue approach assumes a long-run equilibrium that ignores short- 

and medium-run adjustment costs. For example, the spatial-analogue model abstracts from the issues and 

costs of changes in structural characteristics such as irrigation systems that may be necessary to mimic 

warmer climate practices. The approach also ignores likely changes in output and input prices that result 

from global changes in production and affect farm-level adaptation decisions. Since market prices (changes) 

are not measured, effects on consumers are not captured. These approaches also assume that farmers will 

automatically know how and when to respond to climate changes. For example, the spatial-analogue models 

cannot account for changes resulting from higher CO2 concentrations, which could affect choices of crops 

and crop varieties not represented by the current mix. Timing of response is also a critical issue in assessing 

impacts. Structural models have the capability to model transient changes in climate and in farmer 

response. 
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Adaptation and Adjustment of Agricultural Systems to Climate Change 
Those agricultural systems adapt to prevailing climate conditions is well documented (CAST 1992, 

Rosenberg 1992, Easterling et al. 1993, Kaiser et al. 1993, Easterling 1996). The consistent pattern of 

growth in global yields over the past 50 yr (of approximately 2% per annum) suggests that crop yields will 

be higher in the future, with or without climate change. This growth is, in part, due to adoption of new 

technologies. A fundamental question with regard to climate change is whether agriculture can adapt 

quickly and autonomously or will the response be slow and dependent on structural policies and programs? 

The nature of the response is important because failure to account for adaption responses in assessments 

will overstate the potential negative impacts or understate potential positive gains associated with climate 

change.  

Several studies (both structural and spatial analogue) describe substantial opportunities for adaptation to 

offset negative effects of climate change (e.g. Rosenberg 1992, Mendelsohn et al. 1994, Adams et al. 1998), 

but adaptation is not without costs. Changes in technology imply research and development costs, along 

with the costs of farm-level adoption, including possible physical and human capital investments. Changes 

in climate may add stress to local and regional agricultural economies already dealing with long-term 

economic changes in agriculture. In addition, there may be barriers to adaptation that limit responses, such 

as the availability of and access to financial resources and technical assistance, as well as the availability 

of other inputs, such as water and fertilizer. Uncertainty about the timing and rate of climate change also 

limits adaptation and, if expectations are incorrect, could contribute to the costs associated with transition 

and disequilibrium.         

There are other factors that influence the adoption of new technologies. For example, rates and levels of 

adaptation depend on the risk preferences of farmers. Subsistence farmers have evolved farming practices 

that are suited to a diverse set of crops, primarily serving local or regional markets. These crops and 

methods may not produce the highest expected net returns, but may be more tolerant of climatic variability.  

In contrast, technologically driven farming systems have contributed to a dramatic growth in global 

agricultural productivity. For example, selective plant breeding has led to high-yielding varieties of wheat, 

rice, and coarse grains such as maize, barley and sorghum which have added greatly to the world’s food 

supply. Improved crop varieties and other technological advances result from intensive programs of 

research and development, driven by ongoing investments (Alston et al. 1995). However, these 

technologically driven farming systems may be more sensitive to climatic variability (Pope 1982, Antle 

1987, Dillon & Anderson 1990, Hurd 1994). 

Importance of Adaptation Assumptions in Economic Assessments 
The effect of adaptation assumptions on economic estimates derived from the structural approach is 

addressed systematically in Adams et al. (1998). Specifically, this study evaluated the effect of alternative 

assumptions regarding farmer adaptations and other types of adjustments on the economic effects of 

climate change. This evaluation is notable because it used the same economic model found in some of the 

first agricultural assessment studies in the U.S. (the Agricultural Sector Model or ASM). Thus, estimates 

from this study can be compared with earlier results (for the same climate change forecasts); differences in 

the economic estimates are then due to modifications in the ASM designed to simulate adaptation 

alternatives.  

The 4 modifications in the ASM that differ from earlier ASM-based studies were (1) inclusion of some 

warmer season crops (tomatoes, citrus) that should benefit from warming; (2) increased possibilities of crop 

‘migration’ (shifts in crop growing regions in response to changes in climate); (3) adjustments in specific 

crop yields to reflect more on-farm adaptation by farmers, based on observed behavior reported elsewhere 

(Segerson & Dixon 1998); and (4) inclusion of livestock effects.          

These adjustments to the ASM capture a wide range of possible adaptations or changes and can thus help 

resolve the issue of the role of adaptations in the assessment process. The effects of including these changes 

were evaluated using the GISS GCM forecast (the only GCM for which comparable forecast between 

previous ASM assessments and the current study are available). For the GISS forecast, Adams et al. (1998) 

found that the modifications to the ASM resulted in approximately a 20% change in the economic estimates 

(from $10 billion to $12 billion, measured in 1990 U.S. dollars). These additional adaptations thus allowed 
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the U.S. agricultural sector to capture more of the benefits of the modest warming forecast by GISS. 

Whether this 20% increase is ‘important’ in terms of climate change policy design is difficult to address but 

it is a small change in economic estimates compared with the sensitivity of the ASM model to changes in 

other parameters, such as future demand elasticities for domestic or foreign consumption. While this 

comparison is based on only 1 model and 1 set of climate forecasts, an implication is that efforts aimed at 

achieving a full accounting of adaptations in such assessments may be misdirected if analysts neglect other 

measures of sensitivity. 

Uncertainties, Costs and Constraints to Adaptation 
Because explicit adaptation responses are difficult to project, no assessment of the agricultural effects of 

climate change can account for the full range of adaptation options likely to arise over the next century. 

Conversely, adaptation options incorporated into recent assessments may not be technically or 

economically feasible in some cases or in some regions. Generally, the capacity for adaptation is less in 

developing countries as a result of limited access to markets for crop inputs or outputs, and limited 

infrastructure development (Reilly & Hohmann 1993). 

Implementing adaptation often requires local access to financial and physical capital, technical assistance, 

and other inputs such as water and fertilizer. Infrastructure costs are also important. To the extent that 

climate change results in significant geographic shifts in production, costs for such support systems and 

infrastructure could be substantial. For these reasons, spatial-analogue models may understate the 

impacts of climate change. 

Adaptations may involve significant time lags and long-term capital investment decisions that depend 

critically on the rate and variability of climate change. If climate changes at a rate that requires rapid 

adaptation, then the available adaptation options are limited and adjustment costs would be relatively high 

compared with the costs under more gradual climate change, which allows time for major infrastructure 

investments as systems depreciate (OTA 1993). Only structural models are capable of capturing these 

effects. The degree of warming is also important; studies to date examine changes in warming up to 5°C. 

Because explicit adaptation responses are difficult to project, no assessment of the agricultural effects of 

climate change can account for the full range of adaptation options likely to arise over the next century. 

Conversely, adaptation options incorporated into recent assessments may not be technically or 

economically feasible in some cases or in some regions. Generally, the capacity for adaptation is less in 

developing countries as a result of limited access to markets for crop inputs or outputs, and limited 

infrastructure development (Reilly & Hohmann 1993). Implementing adaptation often requires local access 

to financial and physical capital, technical assistance, and other inputs such as water and fertilizer. 

Infrastructure costs are also important. To the extent that climate change results in significant geographic 

shifts in production, costs for such support systems and infrastructure could be substantial. For these 

reasons, spatial-analogue models may understate the impacts of climate change. Adaptations may involve 

significant time lags and long-term capital investment decisions that depend critically on the rate and 

variability of climate change. If climate changes at a rate that requires rapid adaptation, then the available 

adaptation options are limited and adjustment costs would be relatively high compared with the costs under 

more gradual climate change, which allows time for major infrastructure investments as systems 

depreciate (OTA 1993). Only structural models are capable of capturing these effects. The degree of 

warming is also important; studies to date examine changes in warming up to 5°C (based primarily on 

GCM model forecasts assuming an effective doubling of CO2). Warming beyond this level increases 

pressure to develop offsetting technologies (Hall 1997).  

If climate uncertainty increases as the climate changes, adaptation responses will be affected. For example, 

if risk aversion is high among farmers in regions where water is limited, farmers may shift production from 

less to more drought-tolerant crops, even if expected returns are lower (Pope 1982, Dillon & Anderson 1990, 

Hurd 1994). The response of farmers to changes in climate events may differ in the future as a result of the 

uncertainty associated with regional and local climate change.  

In addition, adaptation may have unintended environmental consequences, e.g., the drive to increase 

production increases environmental costs owing to increased pesticide use and increased use of marginal 

lands (Adams et al. 1988, Crosson & Anderson 1994). 
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Economic Impacts of Climate Change on Agricultural Supply 
Changes in agricultural supply result from the combination of changes in yields and changes in crop 

acreage. Changes in crop yields are the result of climate changes and any human mitigating responses 

(such as increasing fertilizer or water use or adoption of new crop varieties), while changes in acreage are 

affected by producers’ expectations concerning changes in relative crop prices and per acre returns. Food 

costs, and the capacity to procure food, are directly affected by changes in commodity supply and resultant 

price changes. Crops that decline in supply will rise in price, ceteris paribus. Higher prices reduce 

consumption levels and adversely affect consumer welfare. In some cases, the negative effects on consumers 

may be partially or totally offset by producer gains from higher prices, but in general, total welfare tends 

to decline when supply is reduced. In the long term, higher prices stimulate producers to seek ways to 

increase supply, resulting in new equilibrium levels of prices and quantities.   

The distribution of estimated economic effects varies across both crops and regions, just as crop yield 

changes vary across crops and regions. The agricultural economies of Canada and parts of the United States 

are estimated to be buoyed by both rising cereal and feed grain prices and more favorable growing 

conditions, especially under scenarios that assume both CO2 fertilization and adaptation. In Central and 

South America, grain production is estimated to fall, even with CO2 fertilization and adaptation. This is 

because their yields decline relative to yields in high latitude countries. 

Estimated Crop Supply and Price Response 
In general, studies that embed economic concepts and models to assess crop supply changes show 

significant changes in regional distribution. Adams et al. (1995) found a pattern of increased supply from 

more northern regions of the U.S. and declines in southern regions. Darwin et al. (1995) uses a procedure 

similar to Mendelsohn et al. (1994) to estimate global shifts in regional supply. High latitude regions (e.g., 

Canada) will benefit, and low latitude regions will be harmed. Overall, however, Darwin et al. estimate 

that total overall global agricultural production would be largely unaffected.  

The impacts of climate change are also affected by changes in market signals. The importance of market 

level changes is illustrated in the estimates reported by Adams et al. (1995). Using estimated wheat yield 

changes from Rosenzweig et al. (1994; as cited in IPCC 1996) for the U.S. (shown earlier in Table 1), Adams 

et al. estimated a net increase in U.S. wheat supply of between 4 and 15% because of increased wheat 

acreage. This increase in wheat acreage is due to the overall rise in the price of wheat precipitated by falling 

yields. Thus, market-level changes can induce behavioral responses that mitigate impacts projected by 

biophysical changes alone.  

Darwin et al. (1995) also demonstrated the importance of farm-level behavior in determining changes in 

supply. Their analysis estimated that GCM-generated changes in temperature and moisture will cause 

land class (growing season) shifts for approximately 30 to 45% of global land resources and 40 to 60% of 

cropland. Additionally, they estimated that without farm level adaptation, declines in global cereal 

production could range from 19 to 30% across the GCMs. With farm-level adaptation, declines ranged from 

2.5 to 6.5%. Incorporating the effects of trade flows and allowing agriculture to expand to new areas, climate 

change actually increased global cereal production by approximately 1%. The results were based on changes 

in potential crop ranges, but did not include changes in yields.  

The effect of climate change on prices depends on whether net increases or decreases in supply are 

estimated and whether demand is increased or decreased through changes in incomes, population, and the 

prices of related commodities. For many agricultural commodities, prices are heavily influenced by changes 

in global food supplies. This is the case for the major cereal and oilseed crops in the U.S. such as maize, 

wheat, and soybeans. For this reason, assessments of the effects of climate change on agriculture in one 

country or region need to reflect changes in world supplies of these commodities. For example, studies that 

incorporate trade patterns reveal that changes in the rest of the world have an effect on the agricultural 

sector in the U.S (Kane et al. 1992).  

The relationship between production, prices and trade can be seen in Table 2. Specifically, Table 2 presents 

indices of crop price estimates for the U.S. by Adams et al. (1998) and estimates by Darwin et al. (1995) for 

cereal grains. Adams et al.’s (1998) estimates are for uniform temperature and precipitation increases and 

a range of CO2 levels. Two scenarios are referenced in Table 2, a modest climate change (2.5°C increase 
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and a 7% precipitation increase) and a more severe case (5.0°C increase and 0% change in precipitation). 

Both assume a CO2 fertilizer effect (at 530 ppm CO2). While not strictly comparable, the relatively benign 

scenario is similar to the GISS forecast. As the index indicates, prices fall by 20% under the benign case 

but increase by 15% under the adverse case. These price changes are due to an increase and decrease in 

crop production, respectively. Darwin et al. (1995) consistently estimated decreases in global wheat and 

other grain prices because of increased production, even though the model does not incorporate direct CO2 

effects. 

 

Potential Impacts on Economic Welfare 
The changes in prices discussed above will lead to changes in the economic welfare of agricultural producers 

and consumers. These changes in welfare are typically measured in terms of changes in economic surplus. 

This is a monetary measure of producer and consumer well-being under different states of the world. 

Economic surplus consists of 2 components: consumer surplus and producer profits, where consumer 

surplus represents the difference between the maximum amount a consumer would be willing to pay for 

an item and the amount they actually pay. While such changes are reported in dollars, they should not be 

interpreted as direct changes in gross domestic product (GDP) or other macroeconomic indicators that 

measure levels of economic activity [economic surplus changes may indicate directional changes in GDP, 

but there is no direct relationship; see e.g. Scheraga et al. (1993) for a discussion of macroeconomic impacts 

under climate change].  

Assessments of national economic welfare effects of climate change are scarce, except for the U.S. The 

published studies for the U.S. provide conflicting results, often within the same study. For example, the 

Mendelsohn et al. (1994) spatial-analogue estimates for U.S. agriculture range from a loss of $120 billion 

to a gain of $35 billion (1982 U.S. $; without direct CO2 effects). Their results are reported only for a scenario 

based on a 5°C increase and an 8% precipitation increase across the entire U.S. By comparison, Adams et 

al. (1995) estimated economic welfare gains of approximately $4 and $11 billion (1990 U.S. $) for GISS and 

GFDL, respectively, under conditions reflecting increased export demands and a CO2 fertilizer effect (550 

ppm CO2). However, for UKMO, a loss of $16 billion was recorded. The study found that increased exports 

from the U.S., in response to high commodity prices resulting from decreased global agricultural 

production, lead to benefits to U.S. producers of approximately the same magnitude as the welfare losses 

to U.S. consumers from high prices. Estimates of changes in national welfare estimates in the more recent 

study by Adams et al. (1998) for a 5°C increase, 0% precipitation increase and CO2 level of 530 ppm result 

in a welfare reduction of approximately $2 billion (1990 U.S. $); for modest warming of 1.5°C and 2.5°C, 

Adams et al. report gains in welfare (of $10 billion and $16 billion, respectively, in 1990 U.S. $). Reilly et 

al. (1994), using yield impact data from Rosenzweig & Iglesias (1994) in the Static World Policy Simulation 

(SWOPSIM) model, estimated increases in per capita welfare measures for the U.S. under a variety of 

simulation scenarios ranging from the UKMO without CO2 effects and adaptation to the GISS with both 

CO2 effects and adaptation. 

Welfare effects are sensitive to assumptions regarding CO2, degree of temperature and precipitation change 

and other factors. For example, both Adams et al. (1995) and Adams et al. (1998) found positive increases 

in total economic welfare under CO2 fertilizer effects but losses in the absence of these effects [without the 
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CO2 fertilizer effect, welfare losses in Adams et al. (1995) for GISS, GFDL and UKMO are –$11 billion, –

$19 billion and –$67 billion in 1990 U.S. $, respectively]. Further, in Adams et al. (1998), excluding the CO2 

fertilizer effect results in a net loss of $37 billion in 1990 U.S. $ under the 5°C warming, 7% precipitation 

scenario. Finally, studies which include measures of both consumers’ and producers’ welfare show that 

climate change has the opposite effect on producers versus consumers’ welfare (e.g. consumers typically 

suffer a welfare loss when supply is reduced, while producers gain).  

Although trade is an important tool for maintaining global production of cereals to mitigate against 

regional welfare losses (Reilly et al. 1994), it is not clear how trade patterns for other crops, particularly 

export crops, may change. Wheat, maize, and rice are important export products. However, the traded 

shares of total production for these cereals are small compared to other agricultural products. About 20% 

of total global wheat production, 12% of coarse grains, and 3% of rice is exported. By comparison, 86% of 

coffee, 45% of tea, 82% of cocoa, and 85% of rubber products is exported, and more than 25% of many citrus 

and fiber products is exported (FAO 1995). Little research has been done on potential climate change 

impacts to products such as these, or on how changes in yields might affect the national economies that are 

highly dependent on export earnings from such products. 

In addition, food imports for many countries are already relatively high, and whether they can afford to 

import additional food to cover yield reductions is not known. Ratios of food import value to export earnings 

are generally high among low latitude countries.3 Furthermore, some countries have food-import financing 

problems, measured as the ratio of the value of food imports to total export earnings. 

Lessons Learned 
The above discussion summarizes key biological and economic issues involved in understanding the 

potential consequences of climate change. It also provides empirical evidence on the potential magnitude 

of these biological and economic aspects of climate change. 

Caution should be exercised in trying to compare numerical estimates across these studies given that crops, 

response information, and assumed economic and environmental conditions differ considerably. However, 

the findings from these studies exhibit some common trends and sensitivities to imposed conditions and to 

data accuracy and precision.  

These common traits or ‘lessons learned’ can serve to both summarize the major findings arising from 

existing research and to help bound the dimensions of the analytical and empirical problems in future 

assessments. Some of these common findings follow directly from ‘first principles’ of biological or economic 

science; others are more subtle and arise from the characteristics of the agricultural setting. Together, they 

reflect current understanding of the economic consequences of climate change for agriculture. 

1. The combined effects of warming, precipitation change, and CO2 fertilization on crop yields are expected 

to vary by crop, location, the magnitude of warming, the direction and magnitude of precipitation change, 

and the nature of the CO2 fertilization effect. Increasing temperatures, holding other factors constant, 

decreases crop yields while increases in precipitation lessen or offset this result. Inclusion of estimated 

effects of increasing concentration of CO2 on crop yields (i.e. a fertilization effect) significantly raises the 

yields of many crops. 

2. There are likely to be regional winners and losers from climate change, given that the potential for net 

reductions in crop yields is greatest in warmer, low latitude areas and semi-arid areas of the world. This 

implies that climate change may affect the comparative advantage of agricultural production regions. 

Changes in comparative advantage can be expected to shift geographically the areas in which specific crops 

are grown, both within countries and internationally, affect agricultural revenues of different regions and 

countries, and alter patterns of trade in agricultural commodities among regions and countries.  

3. The economic consequences of any yield changes will be influenced by adaptations made by farmers, 

consumers, government agencies, and other institutions. Farmers may adapt by changing planting dates, 

substituting cultivars or crops, changing irrigation practices, and changing land allocations to crop 

production, pasture, and other uses. Consumers may adapt by substituting relatively low-priced products 

for those that become relatively high priced as a result of the effects of climate change. Inclusion of such 

adaptive responses is critical to a valid assessment, given that these responses result in less adverse effects 
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than if such responses are excluded, and in some studies even reverse the direction of the net economic 

effect (from negative to positive). 

4. Although adaptations are highlighted by much of the recent literature, adaptation assumptions are not 

the only factor contributing to the diverging results between structural and spatial-analogue approaches. 

Divergent results also reflect differences in the ability of the models to account for both fundamental 

biophysical relationships, such as CO2 fertilization and basic crop yield responses to climatic changes, and 

the capacity of non-climatic resources, such as soil quality and moisture availability, to support changes in 

the location of agricultural practices. Some research suggests that resolution of these uncertainties may 

improve economic assessments more than additional fine-tuning of adaptation assumptions.  

5. Difficulties in assessing adaptation responses, from the perspective of enhancing structural models, are 

compounded by the relatively broad and flat distributions of subjective probabilities associated with 

possible climate changes implied by various climate models. Until there is greater resolution with respect 

to estimated changes in precipitation and water availability, possible farm-level responses will remain 

highly speculative and limited to generalities. Furthermore, continued widespread uncertainty about 

possible precipitation changes will naturally delay and inhibit abilities to detect long-run shifts in climate 

(e.g. among farmers); may undermine support for research, education, and extension as an anticipatory 

response to climate change; and diffuse support for mitigation responses.  

6. Changes that are harmful for consumers are typically beneficial to producers. In several studies of U.S. 

agriculture that include price effects, reductions in crop yields indicate that consumers would pay higher 

prices and receive smaller quantities of agricultural goods, and would thereby suffer economic losses. 

However, because consumer demands for most crops are relatively inelastic with respect to price, declines 

in supply result in even greater percentage increases in prices. Consequently, growers are projected to gain 

on average from revenue increases in these scenarios (although growers in regions that experience 

particularly severe yield reductions may suffer economic losses). The economic effects on consumers are 

diffused over a much larger population than are producer effects, but in aggregate the effects are of roughly 

similar magnitude.  

7. Agriculture is a global system, linked through trade flows in commodities, inputs, technology, and 

knowledge. Therefore, country- and region-specific studies can only provide partial and incomplete 

perspectives on potential impacts. Only with a globally inclusive approach, in which regional responses are 

conditioned by global changes in production and price, can researchers begin to identify clearly the direction 

and magnitude of impacts for a specific region and country. Without concurrent efforts to improve global 

modelling, recent IPCC efforts focusing on greater spatial disaggregation are potentially self-limiting.  

8. Changes in climate are expected to affect the productivity and aggregate demand for factors of production 

such as water, labor, energy, equipment, and materials. Climate change is analogous to technological 

change in agriculture which can increase or decrease the total productivity of factors collectively and can 

increase or decrease the productivity of one factor relative to another. Most studies for the U.S. indicate 

that productivity changes triggered by climate change would generate changes in cultivated acreage by 

crop, total cultivated acreage, irrigation water consumption, farm employment and other changes in factor 

demands. The consequences of changes in factor demands on regional or local economies are largely 

unexplored but are potentially important.  

9. Estimates of the regional effects of climate change on agriculture are highly variable with respect to the 

climate change assumptions being evaluated. Because of this dependence, and because changes in regional 

climate cannot be predicted with a high degree of confidence, available estimates of effects cannot be relied 

upon as predictions of impacts to agriculture. The conditional projections found in the literature offer, 

instead, illustrations of possible outcomes which can aid in the assessment of the sensitivity and 

vulnerability of agricultural systems to climate change.  

10. Recent research has advanced understanding of the sensitivity and vulnerability of agricultural 

systems to climate change, but there are still a number of important omissions in assessments of impacts. 

Indirect effects of climate change such as changes in the incidence and severity of agricultural pests and 

diseases and changes in soil erosion are largely unknown and have not been incorporated into estimates of 

impacts. Few studies consider the effects of changes in the frequencies of extreme events such as droughts 

and floods, or changes in climatic variability. Costs and obstacles to adaptation have also been omitted. 
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These omitted effects are potentially important for shaping the full impacts of climate change on 

agriculture. 

Conclusion 
Within the U.S. and the rest of the Americas, there will be both winners and losers, with some areas 

benefitting from increases in agricultural production as a result of climate change while other areas suffer 

decreases. Climate change may also affect the welfare of economic groups differently (e.g. consumers vs 

producers). Overall, however, the consensus of economic assessments is that climate change of the 

magnitudes currently being discussed by IPCC and other organizations will have only a small (likely 

positive) effect on U.S. agriculture.  

On a global scale, the regional increases and decreases associated with climate change are not expected to 

result in large changes in food production over the next century. Nonetheless, impacts on regional and local 

food supplies in some low latitude regions could amount to large percentage changes in current production. 

Climate change may therefore impose significant costs on these areas. In addition, warming beyond that 

reflected in current studies may impose greater costs in terms of aggregate food supply. Projections from 

most economic studies show substantial economic losses as temperature increases beyond the equivalent 

of a CO2 doubling. This reinforces the need to determine the magnitude of warming which may accompany 

the CO2 build-up currently under way in the atmosphere. 
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Abstract 
Access is an important factor in rural development. As people need to increase their welfare, they need 

more access to promote themselves. Adequate access to transport system means that they have ability to 

enhance their lives. Improving accessibility for rural areas is considered essential to promote rural 

development, to increase uptake of human development services (educational and health), to facilitate 

inclusion of different ethnic and other groups, to improve employment opportunities, and to stimulate 

growth for poverty reduction. The people having better accessibility appear to be more dependent on their 

day-to-day activities for their livelihood. There is need to develop accessibility index which can be used to 

measure the development of villages. Government must take adequate related efforts to enhance 

accessibility and at the same time make sure that more villages can gain better access. 

Introduction 
Access is an important factor in rural development. People need to have adequate access to water, energy, 

land, health services, education, transport services and markets. A lack of access limits the opportunity 

that people have to improve and sustain their social and economic well-being. 

A lack of access is perceived as one of the main underlying factors of poverty, particularly in rural areas in 

developing countries. As people need to increase their welfare, they need more access to promote 

themselves. Adequate access to transport system means that they have ability to enhance their lives. 

Improving accessibility for rural areas is considered essential to promote rural development, to increase 

uptake of human development services (educational and health), to facilitate inclusion of different ethnic 

and other groups, to improve employment opportunities, and to stimulate growth for poverty reduction. 

Fan and Chan-Kang (2005) examined the factors which contributed to the exceptional growth and to the 

reduction of poverty in China during the past thirty years. 

They concluded that, whilst the rapid introduction of the expressway network did play a part, the much 

shorter lengths of low standard feeder roads made an even more important contribution to growth and 

poverty reduction, achieving about four times greater benefit/cost ratio than did the expressways. 

Similarly, Gannon and Liu (1997) contend that improved transport contributed not only through enabling 

better access to services and opportunities, but also by lowering the transport costs incurred in delivering 

and/or accessing such services and opportunities. This article explores current conditions of rural 

accessibility in India.  

The poor access is one of the key factors of poverty. World Bank has shown that access to safe water, 

electricity and a viable network of roads is directly associated with national per capita income.  The access 

to basic services such as health, water and sanitation is not necessarily reflected by increases in household 

income, but rather provides the foundation for development.  

Access to economic activities is important for income generation. The basic services and infrastructure 

should be planned based on equity, whereas economic services need to be planned based on potential and 

ability to pay.  Ghosh and Sarkar (1998). 

What is Accessibility? 
Accessibility is an attribute of people and goods rather than transport modes or service provision, and 

describes integrated systems from a user view point. 
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Definitions of Accessibility 
1. The ability to get what you need, ideally with a choice of destinations and using a choice of modes.                                                                               

Handy (2004). 

2. The ability of people to reach and engage in opportunities and activities. Farrington & Farrington (2005). 

Accessibility Need (Scottish Executive 2003) 
1. Expressed accessibility or revealed accessibility need. 

2. Community accessibility need. 

3. Stated accessibility need. 

4. Comparative accessibility need. 

Accessibility as a Human Right 
1. Article 13 -Recognize the right of everyone to education. 

2. Article 15- Recognize the right of everyone: 

a. To take part in cultural life. 

b. To enjoy the benefits of scientific progress and its applications. 

3. Article 19 - Everyone has the right to freedom of opinion and expression. 

Areas of Accessibility 
1. Access to education.  

2. Access to education.  

3. Access to communication.  

4. Access to transport. 

5. Access to public facilities and amenities. 

6. Access to medical facilities and health issues. 

7. Access to industrial/commercial establishments. 

8. Access to agriculture and other related activities. 

9. Access to people’s organizations. 

10. Access to social media. 

Concepts of Development 
1. Development is a frequently used term and yet it’s meaning and nature is often highly contested. It 

appears in fields such as urban and land use planning, agriculture, economic and trade, has been used as 

though its meaning is commonly understood and shared. Hopper (2012).   

2. The broadly agreed definition of development often equate with ‘progress’ or ‘improvement’ and the term 

development has become widely used “to convey the idea that tomorrow things will be better, or that more 

is necessarily better. Rist (2007).  

3. Development is concerned with how ‘developing countries’ can improve their living standards and 

eliminate absolute poverty. Kingsbury et al. (2004). 

a. Economic Growth: It ensure the capital formation by providing desired inputs to increase the 

output. 

b. Institutional Factors: Due to the economic growth and development the institutional factors 

are hindered. ex. Nationalization of Banks, emphasis on radio and television.  

c. Human centered development: E.g. Human Resource Mobilization and Human Capital 

Formation. 
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d. Knowledge and Competition: Due to Globalization and Linearization and rapid spread of 

information technology the concept of development has change. 

Development Indicators 

 

Aspect Influenced by Improved Rural Access 
1. Growth in tertiary activities banking, school, medical facilities, public service, service sector 

employment. 

2. Better transport access and saving improve in travel cost and time. 

3. Emergence of demand for new activities and services. 

4. Exploitation of resource potential leading to higher income. 

5. Development of small business at villages and road junction. Irigoyen (2007). 

Effect of Accessibility on Income Generation Strategies 

 

Economic growth 
and development

Institutional 
factors

Human Centered 

Development
Knowledge and 

Competition



 

 
Volume 3 - Issue 6 - June 2021       722 | P a g e  
 

Conclusion 
1. Agricultural development is dependent on accessibility. 

2. The people having better accessibility appear to be more dependent on their day-to-day activities for 

their livelihood. 

3. There is need to develop accessibility index which can be used to measure the development of villages. 

4. Government must take adequate related efforts to enhance accessibility and at the same time make sure 

that more villages can gain better access. 
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Maize is monoecious in nature with male flower (tassel) present  on the top of the plant and female flowers 

(spadix) in the  middle part of the plant. Hybrid maize seed is produced by using designated female and 

male parents, removing the tassels from the female plants before silk emergence and allowing male plants 

to provide the pollen for fertilizing the silks. 

Seed Production: Hybrid seed production in maize  involved two parents to produce following types of 

hybrids. 

Single cross: Hybrid seed produced by controlled crossing  between two selected inbreds (A x B). 

Double cross: Hybrid seed produced by crossing between  two Certified single crosses [(A x B) x (C x D)]. 

Three-way cross: Hybrid seed produced by crossing  between an inbred used as male and a Certified 

single  cross hybrid [(A x B) x C] as female parent. 

Top cross: Hybrid seed produced by crossing of inbred  line with a Certified open pollinated variety. 

Double top cross: Hybrid seed produced by the crossing  between a certified single cross and a certified 

open  pollinated variety. 

Nucleus and Breeder’s seed production programmes:  Nucleus and Breeder’s seed of male and female 

parents  are produced by selfing. Isolation of 400 meters from the  field of other varieties is required. 

Foundation seed production programme: Inbred lines and single cross hybrids are produced as 

Foundation seed. 

Certified seed production programme: Production of  single, double, three-way top and double top 

cross hybrid is  known as Certified seed. Foundation and Certified seed  production programme are taken 

at recommended isolation  distance. 

Table: Recommended isolation distance for seed production programme  of hybrid and its 

parents: 

Contaminants Isolation distance (m) 

FS CS 

Inbred Single Hybrid 

Maize with same kernel colour and 

Texture 

400 400 200 

Maize with different kernel colour and 

texture 

600 600 300 

Field of same inbred/hybrid seed 

production not confirming MSCS 

400 400 200 

Field of other hybrid having common 

male 

parent confirming MSCS 

- 5 5 

Field of other hybrid having common 

male 

parent not confirming MSCS 

- 400 200 

Field of other hybrid having different 

parent 

- 400 200 

Teosinte 600 600 300 

Planting Ratio: Optimum planting ratio of seed and pollinator parent for  production of hybrid and male 

sterile seed is 2:6 (female). 
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Seed Rate: Twelve kg seeds of seed parent and 5 kg seed of pollinator  is sown in one hectare field with 70 

cm row to row and 22.5  cm plant to plant spacing. 

Staggering: Normally both the parents flowered at same time but in  some hybrids 7 days staggering is 

required for  synchronization of flowering. 

Detasseling: 

a. Detasseling is the removal of tassel from female parent. 

b. Detasseling is done when the tassel emerged out of the  boot leaf, but before anthesis has shed 

pollen. 

c. Anthers take 2-4 days to dehisce after complete  emergence. Only in few cases, the anthers start 

dehisces  before its complete emergence. In such case detasseling  should be done earlier. 

d. Detasseling is done daily till all the seed parents get  detaselled. 

Method: 

a. Hold the stem below the boot leaf in left hand and the  base of the basal in right hand and pull it 

out in a single  pull. 

b. Grasp entire tassel so that all the pollen parts are fully  removed. 

c. Do not break or remove leaves as removal will reduce  yields and will result in lower quality of 

seed. 

 

Roguing: Roguing should be done periodically based on position of cob, colour of  silk, arrangements of 

seeds in cob, leaves etc. Shedding tassels are to  be removed in roguing. 

It refers to the tassels in female parents rows, shedding pollen or that  has shed pollen in hybrid maize 

plots. During field inspection a tassel  whose main spike or any side branch or both have shed pollen or  

shedding pollen in more than 5 cm of branch length is counted as a  shedding tassel during inspection the 

shedding tassels are taken into  count for acceptance or rejection of production plot. 

Field standard (%): 

 FS CS 

Off types   0.2 0.5 

Shedding tassel 0.5 1.0 (when receptive  silk is 5% or more) 

Field standards –specific: 

Specific factors Certified stage (%) 

Off types shedding pollen when 5 % or more of 

seed parent in receptive silk 

0 .5 

Seed parent shedding pollen when 5 % of the 

seed parent is having receptive silk 

1.0 

Total of pollen shedding tassel including tassel 

that had shed pollen for all 3 inspections  conducted during flowering 

on different dates 

2 .0 

Off types in seed parent at final inspection 0 .5 
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Number of inspections: Four  (Seed certification officers), One: Before flowering, Three: During 

flowering. 

Harvest: Harvest when the moisture content falls to 20-25%.  Harvest male first and remove from the field 

and then  harvest female. 

Threshing: 

a. Dehusking- The husks are removed manually. 

b. Cob sorting- Remove ill filled, diseased cobs and  cobs having kernel colour variation. 

Xenia: 

a. The direct/visible effects of pollen on endosperm and  related tissues in the formation of a seed 

colour. e.g.  seed colour. 

b. In maize, the gene present in sperm cell contributes in  the expression of colour of hybrid seeds. 

 

Metaxenia: 

a. The effect of a pollen parent on the developing maternal  tissues of a seed or fruit outside the 

embryo and  endosperm due to hormones produced by the embryo  and endosperm after double 

fertilization 

b. Is the effect of pollen on the maternal tissues of fruit. 

The Xenia Effect refers to the effect of foreign pollen on kernel  characteristics. 

a. The Xenia Effect refers to the effect of foreign pollen on  kernel characteristics. Cross- pollination 

occurs in corn  because it is a monecious, which means that it has both  male (the tassel) and female 

(the ear) flowers on a single  plant 

b. The Xenia effect occurs when pollen from the tassel of one  corn variety moves from one field to 

another, landing on  the silks of another variety which fertilizes and produces. 

c. The cross-pollination exhibited by the Xenia Effect can  influence testing procedures and 

production of specialty  corn crops. 

Shelling: 

a. Cob sorting should be the first operation it is a post-harvest, evaluation for genetic purity. 

b. The sheath is removed and check for kernel colour, shank  colour, diseased cobs, kernel 

arrangement. 

c. The cobs are shelled either mechanically or manually at  15-18% moisture content. Improper 

shelling leads to 48%  damage to kenel growth of storage fungal results in  Pericarp damage. 

d. Crack on pericarp can be identified by FeCl3 or Tz test. 

e. Shelling is done mechanically using cob sheller and  manually by rubbing with stones. 

Drying: Seeds are dried to 12% moisture content. 

Grading: Grade the seeds using 18/64" (7.28 mm) sieve. 
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Seed treatment: Slurry treat the seeds with 8% moisture content  either with captan or thiram 75% W.P. 

@ 70 g/100 kg with 0.5 litre of water. Treated seeds can be stored for 1 year in  cloth bag. 

Seed yield:  2.5-3.6 t/ha. 

Seed standard inbred, varieties and hybrids: 

Parameters Inbreds FS CS 

1. Physical purity (%) (min) 98 98 98 

2. Inert matter (%) (max) 2 2 2 

3. Other crop seed (max) 5 kg-1 5 kg-1 10 kg-1 

4. ODV seeds (max) 5 kg-1 5 kg-1 10 kg-1 

5 Germination % (min) 80 80 90 

6. Moisture content (%) (max) 

a. Moisture pervious 12 12 12 

b. Moisture vapour proof 8 8 8 
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Abstract 
The world has achieved remarkable gains in human development over the past two decades. Extreme 

poverty has significantly reduced, access to primary education and health outcomes has improved, and 

substantial inroads have been made in promoting gender equality and the empowerment of women. 

Government must take adequate related efforts to enhance accessibility and at the same time make sure 

that people can gain better access. Environmental changes affect us all, putting ecosystems at the center 

of development planning and managing natural resources in fair and accountable ways will bring economic 

and social benefits. Equal participation in decision-making and a balanced involvement of both men and 

women in all policy areas. The implementation of various scheme provided a large employment to the 

peoples not only labour employment but so many women’s work as VLWS, BDO, clerks and civil engineers. 

Introduction 
As the fastest growing major economy of the world, today, India is uniquely placed to deliver on its 

commitments to inclusive and sustainable development. Externally the country has played a key role in 

shaping the SDGs and ensuring the balance among its three pillars-economic, social and environmental. 

Internally, it has launched many programs to make progress towards these goals. Notwithstanding its 

scarce financial resources due to relatively low per-capita income, large population and vast geographical 

expanse, India is committed to achieving within a short period such ambitious goals as universal rural 

electrification, road and digital connectivity for all, massive expansions of clean and renewable energy, 

sanitation and housing for all and universal elementary school education. The world has achieved 

remarkable gains in human development over the past two decades. Extreme poverty has significantly 

reduced, access to primary education and health outcomes has improved, and substantial inroads have 

been made in promoting gender equality and the empowerment of women. The Heads of State, Government 

and High Representatives, meeting at the United Nations headquarters in New York from 25-27 September 

2015 as the organization celebrates its seventieth anniversary. The 17 Goals of the 2030 agenda for 

Sustainable Development adopted by 193 nations in September 2015 at the UN Summit officially came 

into force on 1 January 2016. As the fastest growing major economy of the world, today, India is uniquely 

placed to deliver on its commitments to inclusive and sustainable development. Anonymous (2015). 

Shri. Narendra Modi: These goals reflect our evolving understanding of the social, economic and 

environmental linkages that define our lives.” India’s development mantra “Sabka Saath Sabka Vikas” 

(Collective Effort, Inclusive Development) and the associated national programs closely track the SDGs. 

United Nations Sustainable Development Summit in September (2015). 

Shri. Radha Mohan Singh: There is need for improved efficiency in agriculture and informed about 

successful  initiatives in agricultural sector like E-marketing, Soil Health Card, and Agro-processing chain, 

which are making good impacts. He also mentioned about initiatives related to deep sea fishing which are 

being taken up to increase the productivity. National Seminar on SDGs and Integral Humanism (2017). 

What is Sustainable Development Goal? 
1. “Development which meets the needs of the present generation without compromising the ability of 

future generations to meet their own needs”. World Commission on Environment and Development  (1980) 

2. Sustainable development is conceptualized as resting on three inter-related pillars:  

a. Social Development  

b. Economic Development 
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c. Environmental Protection. 

 

Development 
Development is concerned with how ‘developing countries’ can improve their living standards and eliminate 

absolute poverty. -Kingsbury et al. (2004). 

Sustainable Development 
Development that is likely to achieve lasting satisfaction of human needs and improvement of the quality 

of human life. -Robert Allen. 

Goal 
Is a distance in any direction one expect to go during a given period of time: 

Economic 
growth and 

development

Institutional 
factors

Human 

Centered 

Development

Knowledge 
and 

Competition



 

 
Volume 3 - Issue 6 - June 2021       729 | P a g e  
 

Anonymous (2015) 

Role of SDGS in India 
1. India over the past years, directed its development pathway. 

2. The emerging challenges of climate change impacts, increasing inequities, and lagging human 

development indices are well recognized by both the citizens as well as the government.  

3. The post 2015 UN Sustainable Development Agenda framework provides an opportunity to renew and 

integrate efforts in order to meet, to a significant degree, national and global aspirations in a defined time 

frame.   

Source: Report on Achieving the Sustainable Development Goals in India (2015). 

State-Level Initiatives on SDGS 
1. Maharashtra is focused on balanced regional development and emphasizes sustainable livelihoods, 

taking initiative to improve management of water, land and forests, improve access to health and 

education, and developing skills for employment generation. 

2. Andhra Pradesh as part of its Vision 2029 has identified indicators for each of the 17 SDGs. It has also 

outlined the baseline, targets, milestones as well as key strategies for realizing the SDGs. 

3. Bihar focusing on a number of areas that are covered under the SDGs including road connectivity and 

drainage, toilets, clean drinking water, electricity, higher education, skill development and gender equality.  

4. Kerala has sector specific plans for 2030 with emphasis on encouraging entrepreneurship in production 

sectors, developing the key bases of knowledge economy in the areas of education and ensuring 

environmental and social sustainability. 

5. Karnataka focuses on technology in 12 sectors: education, medical science and health care, food & 

agriculture, water, energy, environment, habitat, transportation, infrastructure, manufacturing, materials 

and ICT. 

6. Tamil Nadu focuses on infrastructure development in six major sectors: energy, transportation, 

industrial and commercial infrastructure, urban infrastructure and services, agriculture and human 

development. 

Anonymous (2017). 
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Sustainable Development Goals 

 
Anonymous (2017) 

SDG 1: No Poverty (End Poverty in All its Forms Everywhere) 
1. It focuses on ending poverty through interrelated strategies. 

2. By 2030, eradicate extreme poverty for all people everywhere. 

3. By 2030, ensure that all men and women have equal rights to resources. 

4. Create sound policy frameworks at the national, regional and international levels to support accelerated 

investment in poverty eradication actions. 

5. Schemes for Anti-poverty programmes:- Mahatma Gandhi National Rural Employment Guarantee Act. 

SDG 2: Zero Hunger (End Hunger, Achieve Food Security and Improved Nutrition and 

Promote Sustainable Agriculture) 
1. By 2030, end all forms of malnutrition and address the nutritional needs. 

2. Double the agricultural productivity. 

3. Ensure sustainable food production systems and implement resilient agricultural practices. 

4. Increase investment, including through enhanced international cooperation. 

5. Schemes:- Mid-Day-Meal Scheme, Antyodaya Anna Yojana, Soil Health Cards Scheme, Pradhan Mantri 

Fasal Bima Yojana. Anonymous (2017). 

SDG 3: Good Health and Well-Being (Ensure Healthy Lives and Promote Well-Being for 

All at All Ages) 
1. By 2030, reduce the global maternal mortality ratio. 

2. End the epidemics of AIDS, tuberculosis, malaria and neglected tropical diseases. Achieve universal 

health coverage. 

3. Reduce the number of deaths and illnesses from hazardous chemicals. 

4. Support the research and development of vaccines and medicines. 

5. Schemes:- National Rural Health Mission, Janani Suraksha Yojana and AYUSH. 

SDG 4: Quality Education (Ensure Inclusive and Equitable Quality Education and 

Promote Lifelong Learning Opportunities for All) 
1. Ensure that all girls and boys complete free, equitable and quality education. 

2. Ensure equal access for all women and men. 

3. Eliminate gender disparities in education. 

4. Ensure that all learners acquire the knowledge and skills. 

5. Schemes:- Sarva Shiksha Abhiyan, National Adult Education Programme. 
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SDG 5: Gender Equality (Achieve Gender Equality and Empower All Women and Girls) 
1. End all forms of discrimination against all women and girls everywhere. 

2. Ensure women's full and effective participation and equal opportunities for leadership. 

3. Enhance the use information and communications technology.  

4. Adopt and strengthen sound policies and enforceable legislation for the promotion of gender equality and 

the empowerment of all women and girls at all levels. 

5. Schemes:- Beti Bachao Beti Padao. 

SDG 6: Clean Water and Sanitation (Ensure Availability and Sustainable Management 

of Water and Sanitation for All) 
1. Achieve universal and equitable access to safe and affordable drinking water for all. 

2. Improve water quality by reducing pollution, eliminating dumping and minimizing release of hazardous 

chemicals and materials. 

3. By 2020 protect and restore water-related ecosystems. 

4. Schemes:- Jalyukta Shivar Abhiyaan. 

SDG 7: Affordable and Clean Energy (Ensure Access to Affordable, Reliable, 

Sustainable and Modern Energy for All) 
1. Ensure universal access to affordable, reliable and modern energy services. 

2. Enhance international cooperation to facilitate access to clean energy research and technology and 

promote investment in energy infrastructure and clean energy technology. 

3. Expand infrastructure and upgrade technology for supplying modern and sustainable energy services. 

4. Scheme:- UJALA Scheme, Pradhan Mantri Sahaj Bijli Har Ghar Yojana, Jawaharlal Nehru National 

Solar Mission. 

SDG 8: Decent Work and Economic Growth (Promote Sustained, Inclusive and 

Sustainable Economic Growth, Full and Productive Employment and Decent Work for 

All) 
1. Sustain per capita economic growth. 

2. Achieve higher levels of economic productivity through diversification, technological upgrading and 

innovation. 

3. Promote development-oriented policies that support productive activities, decent job creation, 

entrepreneurship, creativity and innovation, and encourage the formalization and growth of micro, small 

and medium-sized enterprises. 

4. Achieve full and productive employment and decent work for all women and men. 

5. Schemes: Startup Village Entrepreneurship Programme and Pradhan Mantri Kaushal Vikas Yojana. 

SDG 9: Industry, Innovation and Infrastructure (Build Resilient Infrastructure, 

Promote Inclusive and Sustainable Industrialization and Foster Innovation) 
1. Develop quality, reliable, sustainable and resilient infrastructure to support economic development and 

human well-being. 

2. Increase the access of small-scale industrial and other enterprises. 

3. Enhance scientific research, upgrade the technological capabilities of industrial sectors in all countries. 

4. Increase access to ICT and strive to provide universal and affordable access to the Internet in least 

developed countries. 

5. Schemes:- Aurangabad Industrial City (AURIC). 

SDG 10: Reduced Inequalities (Reduce Inequality Within and Among Countries) 
1. Progressively achieve and sustain income growth. 

2. Empower and promote the social, economic and political inclusion. 

3. Ensure equal opportunity and reduce inequalities of outcome, including by eliminating discriminatory 

laws, policies and practices 



 

 
Volume 3 - Issue 6 - June 2021       732 | P a g e  
 

4. Adopt policies, especially fiscal, wage and social protection policies, and progressively achieve greater 

equality. 

5. Schemes:- Mahila e-haat, National Mission for Empowerment Programme for Women, Swadhar, 

Priyadarshini Scheme, SABLA. 

SDG 11: Sustainable Cities and Communities (Make Cities and Human Settlements 

Inclusive, Safe, Resilient and Sustainable) 
1. Ensure access for all to adequate, safe and affordable housing and basic services. 

2. Provide access to safe, affordable, accessible and sustainable transport systems. 

3. Schemes:- Science City, Stand Up Indian Scheme, Smart cities. 

SDG 12: Sustainable Consumption and Production (Ensure Sustainable Consumption 

and Production Patterns) 
1. Achieve the sustainable management and efficient use of natural resources. 

2. Substantially reduce waste generation through prevention, reduction, recycling and reuse. 

3. Ensure that people everywhere have the relevant information and awareness for sustainable 

development. 

4. Schemes:- National Mission for Sustainable Agriculture, National Mission for Green India. 

SDG 13: Climate Action (Take Urgent Action to Combat Climate Change and its 

Impacts) 
1. Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters. 

2. Improve education, awareness-raising and human and institutional capacity on climate change 

mitigation, adaptation, impact reduction and early warning. 

3. Promote mechanisms for raising capacity for effective climate change-related planning and management 

in least developed countries. 

4. Schemes:- National Innovation on Climate Resilient Agriculture, National Action Plan on Climate 

Change and National Mission for Sustainable agriculture. 

SDG 14: Life Below Water (Conserve and Sustainably Use the Oceans, Seas and Marine 

Resources for Sustainable Development) 
1. Prevent and significantly reduce marine pollution. 

2. Minimize and address the impacts of ocean acidification, including through enhanced scientific 

cooperation at all levels. 

3. Effectively regulate harvesting and end overfishing, illegal, unreported and unregulated fishing and 

destructive fishing practices and implement science-based management plans. 

4. Increase scientific knowledge, develop research capacity and transfer marine technology. 

5. Provide access for small-scale artisanal fishers to marine resources and markets. 

SDG 15: Life on Land (Protect, Restore and Promote Sustainable Use of Terrestrial 

Ecosystems, Sustainably Manage Forests, Combat Desertification, and Halt and 

Reverse Land Degradation and Halt Biodiversity Loss) 
1. Promote the implementation of sustainable management of all types of forests, halt deforestation, restore 

degraded forests and substantially increase afforestation. 

2. Combat desertification, restore degraded land and soil, including land affected by desertification, drought 

and floods, and strive to achieve a land degradation-neutral world. 

3. Take urgent and significant action to reduce the degradation of natural habitats. 

4. Promote fair and equitable sharing of the benefits arising from the utilization of genetic resources and 

promote appropriate access to such resources, as internationally agreed. 

5. Schemes:- National Mission for Sustainable Agriculture 
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SDG 16: Peace, Justice and Strong Institutions (Promote Peaceful and Inclusive 

Societies for Sustainable Development, Provide Access to Justice for All and Build 

Effective, Accountable and Inclusive Institutions at All Levels) 
1. Significantly reduce all forms of violence and related death rates everywhere. 

2. Promote the rule of law at the national and international levels and ensure equal access to justice for all. 

3. Substantially reduce corruption and bribery in all their forms. 

4. Develop effective, accountable and transparent institutions at all levels. 

5. Ensure responsive, inclusive, participatory and representative decision-making at all levels. 

6. Provide legal identity for all, including birth registration. 

7. Schemes:- Vayoshreshtha Samman and Rashtriya Vayoshri Yojana. 

SDG 17: Partnerships for the Goals (Strengthen the Means of Implementation and 

Revitalize the Global Partnership for Sustainable Development) 
Finance: Strengthen domestic resource mobilization, including through international support to 

developing countries, to improve domestic capacity for tax. 

Technology: Promote the development, transfer, dissemination and diffusion of environmentally sound 

technologies. 

Capacity Building: Enhance international support for implementing effective and targeted capacity-

building in developing countries. 

Trade: Promote a universal, rules-based, open, non-discriminatory and equitable multilateral trading 

system under the World Trade Organization. 

Conclusions 
1. Agricultural university should coordinate education, research and extension at grassroots level. 

2. Consultation programmes encourage and ensure active participation of the stakeholders in the process 

of development starting from planning to effective implementation of the SDGs. 

3. Grassroots level survey and data collection for identification of people which are under BPL. 

4. Government must take adequate related efforts to enhance accessibility and at the same time make sure 

that people can gain better access. 

5. Environmental changes affect us all, putting ecosystems at the center of development planning and 

managing natural resources in fair and accountable ways will bring economic and social benefits. 

6. Equal participation in decision-making and a balanced involvement of both men and women in all policy 

areas.  

7. The implementation of various scheme provided a large employment to the peoples not only labour 

employment but so many women’s work as VLWS, BDOS, clerks and civil engineers. 
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What is Response Farming? 
Response farming mainly focuses on water and its management at farm level. 

General Comments on the Water Constrains 
1. Recent advances in our understanding of rainfall as a resource in crop production have shed light on two 

facets of the water constraint – its nature and the requirements within its confines. 

2. The bad news is that the water constraint is far more complex than a case of too little rainfall. 

3. This is reflected in present crop yield and returns which are far below the levels that actual amounts 

could support – even in semiarid areas. 

4. Response farming comprises a set of management tactics by which sowing density and nitrogen 

application can be targeted to the yield potential of the season based upon the timing and nature of the 

opening rains. 

6. Sowing density and nitrogen application are set by the timing of the opening rains and then further 

adjustments are made four to five weeks after sowing. 

7. The in-season adjustments involve additional nitrogen fertilizer in seasons that promise high yield 

potential and crop thinning when yield potential and crop thinning when yield promises to be low. 

8. These combinations have the purpose of  maximizing  yield in seasons of high potential and minimizing 

fertilizer and seed input in seasons in which the rainfall is too low for it to have any advantage. 

9. The scheme is possible , it is proposed , because the timing and nature of the opening rains are closely 

correlated with total seasonal rainfall and hence yield potential. 

 

Variability in Rainfall Season Parameters 
1. The five key factors which characterize a rainfall season for crop production have been identified as the 

onset and final rain dates, rainfall amount ,duration and intensity. 

2. Season rainfall amount is notoriously variable in most locations in the world. 

Response Farming Origins and Research Aspects 
1. It was at the University of California at Davis (UCD), from 1966 to 1977, that the writer and colleagues 

carried out early research on crop water production functions and crop water balance relationships. 

2. These are the first two principal components of the new technology. 

3. However, kenya is where the response farming package came together.in late 1977 the writer joined the 

U.S Departments of Agriculture to extend the UCD research into the low resource, rainfed agriculture 

setting setting of the recurrent drought zones of eastern Kenya . 

4. The project continued through 1983, sponsored by the U.S agency for International Development and 

the Government of Kenya,the latter represented by the Kenya Agricultural Research Insitute. 

5. The fourth and final component of response farming research is modelling the impact of farmers’ 

management decisions on crop water utilization and consequent yield. 
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6. Both plant population and fertilization lend themselves to manipulations to confirm with actual rainfall 

conditions early in the growing cycle, say 30 days after germination. 

7. For example, plant numbers can be reduced if rains are found to be in the lower part of the predicted 

range or fertilizer, especially nitrogen, can be augmented if rains are in the upper part of the expected 

range. 

8. These actions are important aspects of the response farming strategy. 

Responding to Rainfall Prediction 
1. Land preparation and tillage oriented toward retention of all rainfall e.g blocked, flat furrows or small 

basins, versus measures to affect drainage of excess rainfall from the land, such as sloping furrows. 

2. Choice of higher water requirement market or food crops, with particularly desirable traits and large 

potential yields, versus lower water requirement crops which other insurance for the family food supply. 

3. Planting in narrow rows with high seed and initial fertilizer rates to maximize production with high 

rainfall, versus wide rows and reduced seed and fertilizer rates for more assured and cost-effective food 

production with limited water. 
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Agriculture is always most important and stable sector because it produces and provides raw materials for 

food and feed industries. The limit of natural resources (production land, water, soil, etc.) and the growth 

of population in the world claim the agricultural development to be economically further, viable, 

environmentally and efficiently. This alteration will be the vital for achieving many factors in the recent 

year. Nowadays, the most vital obsession is to create flanked by, agriculture poverty and nutritional process 

getting food. Therefore, new technology should have to adopt that decidedly focuses on getting better 

agricultural production. Recently, food and nutritional security are fully embedded in the novel knowledge.  

The agriculture development also depends on the social inclusion, health, climate changes, energy, 

ecosystem processes, natural resources, good supremacy, etc., must also be documented in specific target-

oriented goals. Therefore, sustainable agricultural strengthening the practical opportunity to get rid of 

poverty and hunger of the people. The sustainable growth of agriculture totally depends on the new and 

innovative techniques like nanotechnology. 

The nanotechnology can take an important part in the productivity through control of nutrients as well as 

it can also participate in the monitoring of water quality and pesticides for sustainable development of 

agriculture. 

Antimicrobial Activity 
Several nanomaterials are used as antimicrobial agents in food packing in which silver nanoparticles are 

in great interest. This is because of its extended use. Some other nanoparticles currently used are titanium 

dioxide (TiO2), zinc oxide (ZnO), silicon oxide (SiO2), magnesium oxide (MgO), gold and silver. All of them 

have specific characteristics and functions, for example, zinc nanocrystal shows antimicrobial and 

antifungal activity. Gold has high temperature stability and low volatility and good antifungal and 

antimicrobial effects against 150 different bacteria. FDA in 2009 approves the direct use of silver as 

disinfectant in commercial water, since with effective result against microorganisms. The antimicrobial 

effect of these is E. coli, L. monocytogenes and Staphylococcus aureus, and nanosilver particles coated with 

cellulose acetate phthalate also provided similar results. Some nanoparticles have shown their antifungal 

activity. These fungi include Candida albicans, Aspergillus niger  and yeast. AgNPs are also found to be 

effective against methicillin resistant Staphylococcus aureus. Other nanoparticles besides silver are also 

found to have antimicrobial characteristics like titanium oxide (TiO2). 

Nanotechnology Application as Nano-Fungicides 
Nanofungicides are expected to play an important role in future plant disease management as eco-friendly 

alternatives of conventional synthetic fungicides. The use of nanosilver has been studied recently against 

phytopathogen Colletotrichum gloeosporioides. The suppressive properties of metal nanoparticles 

containing copper (Cu-NPs, CuO-NPs), silver (Ag-NPs) and zinc (ZnO-NPs) were assessed in vitro against 

seven causal agents of economically important foliar and soil-borne plant diseases. All fungal species were 

practically insensitive to CuO-NPs while Ag-NPs exhibited significant inhibitory effect only against B. 

cinerea. Among the different inorganic nanoparticle-based antimicrobial agents, silver has been extensively 

studied by many researchers because of its several advantages over other nanoparticles such as copper, 

zinc, gold, ZnO, Al2O3 and TiO2. Other nanoparticles (Fe, Cu, Si, Al, Zn, ZnO, TiO2, CeO2, Al2O3 and carbon 

nanotubes) have been reported to have some adverse effects on plant growth apart from the antimicrobial 

properties. Sometimes, nanoparticles also have an effect on the growth of useful soil bacteria, such 
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as Pseudomonas putida KT2440. Although there was considerable variation between fungal species, 

fungitoxicity of all nanoparticles dramatically increased when applied to spores rather than fungal hyphae 

indicating a great potential of these compounds to be used as protective antifungal agents. 

Nanotechnology as Control Mycelial Growth 
The discovery and development of novel fungicides is important to combat the newly emerging resistant 

strains of pathogenic fungi. The antimycotic efficacy of nanoparticles of CoFe2O4 and NiFe2O4 against 

Fusarium oxysporum, Colletotrichum gloeosporioides, and Dematophora necatrix. In addition, study also 

demonstrates that nanoparticles of CoFe2O4 and NiFe2O4 have the potential to reduce the disease 

incidence of Fusarium wilt of capsicum and could be used for its management. Results at the micro- and 

macrolevel suggest that nanoparticles of CoFe2O4 and NiFe2O4 could be used as an effective fungicide in 

plant disease management programs. 
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Introduction 
Rice biofortification program aims at biological and genetic enrichment of food products with vital 

nutrients, vitamins and proteins. Ideally, once rice is biofortified with vital nutrients, the farmer can grow 

the variety indefinitely without any additional input to produce nutrient packed rice grains in a sustainable 

way so that the produce reaches the malnourished population in rural India. 

Plant breeding, genetic engineering and agronomic practices like micronutrient fertilization are the 

excellent ‘tools’ for micronutrient nutritional enhancement in combating the problem of malnutrition. The 

micronutrient density traits are stable across environments and it is possible to improve the content of 

several limiting micronutrients together. High nutrient density not only benefits the consumer but also 

produces more vigorous seedlings in the next generation. 

What is Biofortification? 
Biofortification is the process by which the nutritional quality of food crops is improved through 

conventional plant breeding or modern biotechnology and agronomic practices. 

Need for Biofortification in Rice 
In comparison with other cereals, rice contains low nutritional value. Therefore, rice alone cannot meet the 

recommended daily allowance. Healthy and productive populations require adequate amounts of essential 

vitamins and minerals. As staple foods are eaten in large quantities everyday by malnourished poor, 

addition of even small quantities of micronutrients is beneficial. High zinc seeds are more vigorous and 

better able to withstand weed competition, and pathogen and pest attack.  

Deficiencies of zinc, iron and vitamin A in human population of developing countries were noticed and 

particularly, zinc deficiency is the fifth major cause of diseases and deaths in these countries. Iron 

dependent anemia in turn leads to maternal mortality, preterm births, decreases immunity and increases 

placental weight during pregnancy. Further, the iron requirement is highest during 7–9 months of 

pregnancy crops bred for increased uptake and utilization of trace minerals (e.g, zinc and iron) could be 

harnessed to simultaneously improve crop productivity and human nutrition.  

Advantages of Biofortification 
1. Increase in nutritional value i.e. bioavailable Vitamin A & B6; Fe; Protein (glycinine) & Zn.  

2. Increase in yield e.g. Rice biofortified with Glycine betaine for enhanced abiotic stress tolerance. 

3. Reduced adult & child micronutrient caused mortality.  

4. Reduced dietary deficiency diseases e.g. Blindness in children, diarrhoea and anemia.  

5. Healthier populations with strong and quick immune responses to infections. 

Methods of Biofortification 
1. Agronomic biofortification:  Agronomic practices such as the application of fertilizers to increase zinc 

and selenium content of plants grown on soils low in such minerals. 

2. Conventional breeding: E.g. increase zinc in rice, rice, maize, iron in beans and Pearl millet; and pro-

vitamin A in sweet potato and maize. 

Zinc Biofortification of Rice: 
Zn deficiency leads to:  

1. Impairment of physical growth, immune system & learning ability.  
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2. Fetal brain cell disease & affects mental development in pregnant mothers.  

3. Hindered normal growth and development in children. 

4. Increased risk of infections, DNA damage & cancer. 

Iron (Fe) Biofortification of Rice 
Iron (Fe) is a redox - active constituent of the catalytic site of heme and non-heme iron proteins. 

Metabolic Functions of  Fe Include 
1. Serving as an element in blood production.  

2. Serving as a component of enzymes involved in synthesis of collagen & some neuro transmitters.  

3. Providing a transport medium for electrons within the cells in the form of cytochromes. 

4. Structural component of haemoglobin. 

Fertilization Options 
1. In aerobic rice, the soil-applied Fe (usually in the form of Fe2+, either chelated or as a sulfate salt) is 

rapidly converted to unavailable Fe3+, and hence, foliar application is a better option to overcome Fe 

deficiency and to increase grain Fe and its bio availability in rice. 

2. Under anaerobic rice, Fe2+  is readily available to rice plants, so no fertilization is needed.  

3. In rice, positive effects of soil Zn fertilization on grain Zn have been noticed primarily with aerobic water 

management. 

4. On the other hand, foliar Zn application has been more effective in improving grain Zn concentration in 

flooded rice compared to soil Zn fertilization. 

5. Although foliar application of Fe or Zn is more promising than soil application for enhancing grain Fe or 

Zn, the efficiency of foliar applied Fe or Zn varies depending on the time of fertilization, source of Zn 

fertilization and ability of genotypes to remobilize Zn or Fe from source tissues to grain. 

6. Late season foliar application of Zn or Fe at flowering or at early grain filling stage is more effective in 

improving grain Zn or Fe, respectively, than early season application. 

7. However, foliar fertilization of combined Fe and Zn fertilizers enhanced both grain-Fe and Zn content 

without any antagonistic effects. 

 
Fig. Illustration of water and fertilizer managements and their effects on zinc(Zn), iron(Fe), 

and Cadmium (Cd) uptake and accumulation in rice grain. 

Conclusion 
Biofortification of rice grain is one of the tools that can minimize the malnutrition. Biofortification is proven 

to measurably improve human health and nutrition. Integration of soil and foliar application of zinc and 
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iron sulfate found to be better in increasing the Zn and Fe concentration in the rice grain. Late season foliar 

application of Zn or Fe at flowering or at early grain filling stage is more effective in improving grain Zn or 

Fe respectively, than early season application. Zinc and iron application increases concentration in 

produces as well as grain yield under nutrient deficient soil. 
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