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"No scientist is admired for failing in the attempt 
to solve problems that lie beyond his competence. 
The most he can hope for is the kindly contempt 
earned by the Utopian politician. If politics is the 
art of the possible, research is surely the art of 
the soluble. Both are immensely practical-minded 
affairs."

Sir Peter Medawar
(British Scientist b o m  in Petrdpolis, RJ, Brazil) 

"The Art of the Soluble"



Abstract
Keywords: allelopathy, biodynamic, organic, quality, 
sustainability, silicon.
To verify the effectiveness of an established set of 
agricultural techniques involving application of natural 
solutions and extracts, crop rotations and associations - 
here collectively designated as Applied Allelopathy; a 
sequence of field, glasshouse and laboratory experiments was 
carried out from 1993 to 1997. Two test crops of world 
importance - wheat and potatoes, were chosen to provide 
responses from both a Mono and a Dicotyledon with 
physiologically different growing habits and end products 
(grains, tubers). The following treatments were tested:
1. Field sprays - used in sequence and additional to compost 
treatments: P500 soil spray (fermented cow manure), P501 
plant spray (ground quartz), Nettle aqueous extract (Urtica 
dioica - planta tota), Equisetum axvense decoction and 
Kieselguhr (diatomaceous earth) suspension.
2. Compost additives P502 to P507 (200 mg.m-3) : Achilea 
millefolium - flowers, Matricaria recutita - flowers, Urtica 
dioica-planta tota, Quercus robur - bark, Taraxacum 
officinale - flowers and Valeriana officinalis - flowers' 
liquid extract.
3. Rotations with a Rye-Vetch mixture for assessment on crop 
responses and weed suppression through green manuring and 
mulching.
The specific objective is to identify whether and/or which of 
the biodynamic preparations, organic and mineral extracts and 
rotations with weed suppressing green manures, do have 
allelopathic effects on the yield and quality (e.g., baking 
and storage properties) of wheat and potatoes. A general 
objective is to develop and test an integrated set of simple 
methodological designs that can combine systems (holistic) 
and analytical approaches, built upon a coherent critical 
philosophical-scientific foundation. Although the main scope 
of this research work is on the Agronomic aspects and 
results, some indications of the underlying physiological and 
biochemical mechanisms involved in the obtained results are 
given.
Consecutive series of randomised complete block design 
(split-plots and factorials) field and glasshouse trials were 
carried out as blind-coded experiments, comparing Control,

II



NPK, Organic and Biodynamic compost soil treatments, combined 
with field sprays and extracts in different dilutions.
Results were based on field assessment of growth, biomass, 
weeds and yields; storage and laboratory analysis of quality 
parameters such as thousand grain weight (wheat TGW), Hagberg 
Falling Number (wheat HFN), dry matter and mineral contents, 
storage losses, grading and tissue browning (potatoes). The 
method of Selected Orthogonal Contrasts for partitioning the 
treatment sums of squares was used to allow specific 
comparisons between treatments. Significant differences using 
the F-test, were found both for the interaction of soil 
treatments and sprays overall in the field experiments and 
for several comparisons involving individual treatments and 
dilutions.
The BD and organic systems offered significant positive 
differences in relation to the nil control, in terms of both 
yields (for both wheat and potatoes) and quality. This was 
expressed especially in the lower potato storage tissue 
browning and its resulting higher net amount of good
marketable tubers, but also in the ideal wheat baking quality 
achieved by the BD treatment. Organic and BD yield increases 
did affect quality parameters like wheat TGW and potato DM%, 
which remained as high as in the control. They also did not 
cause any significantly different increase in soil nitrate 
and ammonium, actually displaying the same levels of these 
compounds as the control in the soil analysis results.
The agrochemical treatment (Nitram for wheat, NPK for
potatoes) produced significantly higher yields only in the 
wheat trials, but offered significantly lower values of wheat 
TGW and potato DM%, and very significantly increased soil 
nitrate levels in the soil, even after harvest time.
The BD and organic systems did not differ in general in terms
of yields, although there were trials like potato'93 in which
the organic yielded significantly less than the agrochemical 
treatment, while the BD did not.
It was in terms of both wheat and potato quality that the BD 
treatment system showed the following significant advantages, 
even over the comparatively equivalent organic system:
• Ideal wheat flour baking quality (HFN, well-balanced 

alpha-amylase activity).
• Significantly less potato tuber pest field damage and 

storage losses by tissue browning.
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Biodynamic and allelopathic sprays, like silica P501 and 
nettle water (Urtica dioica), can significantly improve 
yields and quality of both potatoes and wheat. However, their 
general mode of action can be defined as regulatory or 
"normalising", considering that when over-applied at near 
optimum crop conditions, they can reduce yields and 
negatively affect quality parameters.
A green manure rotation and mulch like the rye plus vetch mix 
used in Experiments Three and Four (1994) can have 
significant effects, either beneficial (build-up of soil 
organic matter and weed suppression) or detrimental
(allomonic action of allelochemicals present in the plant 
residues) on the subsequent crops.
Silicon (Si) based sprays produced interesting results in the 
1995 wheat and potato split-plot field trials, especially 
P501 in the interaction with the BD soil treatment system, 
which offered a significant opposite interaction response in 
relation to the other three systems. This phenomenon was 
expressed in the following results:
• The DGA biomass samples of wheat, potato plants and weeds, 

which showed significantly contrasting growth curves and 
sample DWts between P501 and the water control spray.

• While P501 increased the HFN in the BD system, it 
decreased HFN values in the other three systems.

• While P501 sharply decreased total and ware potato yields 
in the BD system, it increased them in the other three 
systems. The opposite contrast occurred in relation to 
potato 'chat' yields, which increased in the BD system, 
while decreasing it in the other three systems.

• P501 also increased the amount of storage browning in 
tubers from the BD system, while decreasing it in the 
other three systems.

These results and the fact that the BD treatment system 
produced significantly contrasting results in relation to the 
other systems for most of the interactions observed, 
including the analytical approach field trials, support the 
hypothesis of a regulating or normalising effect of the BD 
preparations. They generally increase yields and improve 
quality under sub-optimal conditions, but cause limitations 
whenever applied beyond these optimum levels for specific 
parameters (Spiess, 1979; Raupp & Konig, 1996).
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ABA
ADAS

Allelochemics

AMW

Antibiotic

Allomone

Apneumone

Assoc.
Aeiphoria

Abscisic acid.
The Agricultural Development and Advisory 
Service, formerly part of the Ministry of 
Agriculture of the UK, now a commercial 
organization.
or Allelochemicals are chemicals that mediate 
interspecific interactions, which are 
significant to organisms of a species 
different from its source for reasons other 
than nutrient elements and food as such. They 
are active between plants, invertebrates and 
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functionally subdivided into four types: 
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Average Molecular Weight, or more precisely, 
molecular Mass, measured in Kilo Daltons (kDa 
or kDal).
Chemical substance produced by a micro
organism and effective against another 
micro-organism.
Chemical substance produced or acquired by an 
organism that, when it contacts an individual 
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evokes in the receiver a behavioural or 
physiological response that is adaptively 
favourable to the emitter, but not to the 
receiver. The effects of the allomones 
between plants and microbes of different 
species can be further functionally sub
divided in: Antibiotics, Kolines, Marasmines 
and Phytoncides.
(Gk. a-pneum, breathless or lifeless) 
Chemical substance emitted by non-living 
materials that evoke a behavioural or
physiological reaction that is adaptively 
favourable to a receiving organism but 
detrimental or limiting to an organism of 
another species that may be found in 
connection or on the non-living materials. 
That is to say, apneumones can be either 
beneficial or detrimental, depending on the 
nature of the receiving organism. Apneumones 
can be either considered as a subgroup of 
allelochemics, or constitute another major 
group, depending on the importance, number 
and diversity of interactions they mediate.
Association.
Evolutionary or progressive sustainability.
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AutopoiesisAutopoiesis

BA

The self-organising capability of living 
beings.
Benzoic acid.

BD Biodynamic.
BDAA Bio-dynamic Agricultural Association of the 

UK.
Biom. Biomass.
BWt Bulk Weight or apparent density (e.g.; 

compost, soil) in w/v.
BL Borderline (for statistical significance, 

differences or results).
BSE Bovine Spongiform Encephalopathy or "Mad Cow 

Disease".
CA Cinnamic acid.
CCS Wye College's Controlled Composting Systems 

unit.
CEC Cation Exchange Capacity of soils
Cones. Concentrations.
CrProt Crude Protein.
Ctrl Control (nil treatment).
Cultigen Any cultivated and/or domesticated plant, 

animal or microbe.
CV% Coefficient of Variation (in statistics)
D Dry (for estimates of yields, weights and 

matter contents).
d.f. Degrees of Freedom (in Statistics).
Damag. , Damaged.
DGA Destructive Growth Analysis.
Disease Varied causes of potato storage browning.
DM Dry Matter.
DWt Dry Weight.
E Ear DGA samples.
EAA Essential Amino Acid index or relative 

contents.
EC European Commission.
ENOF The European Network for Scientific Research 

Co-ordination in Organic Farming.
EU European Union.
Expt. experiment.
F Fresh.
FWt Fresh Weight.
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FYM Farmyard Manure, bovine cattle manure, pure 
or in straw-bedding mixture (when specified).

GA(s) Gibberellic acid(s).
GATT General Agreement on Tariffs and Trade.
GM grand mean.
Gmc Stored Grain Moisture Content.
GMOs Genetically Modified Organisms.
H Height (cm).
Ha or ha Hectare.
Heme Fe-protoporphyrin IX (iron chelate molecule).
HFN Hagberg Falling Number.
Hmc Harvest Moisture Content.
Homceostasis Equilibrium of a system around stable or fixed 

points.
Homceorrhesis Equilibrium of a system around variable or 

operating points.
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CHAPTER 1
Introduction

1.1. Allelopathy and Sustainable Agriculture
Allelopathy is understood today as a wide range of 
biochemical interactions, both inhibitory and stimulatory, 
between all kinds of organisms. Many naturally occurring 
substances are known to have allelopathic effects in 
agroecosystems (Rice, 1984) .
In the context of Organic and Sustainable Agriculture, the 
controlled application of allelopathic effects could 
significantly contribute to environmentally sound 
agricultural practices and healthier produce. At-the same 
time, they can gradually substitute agrochemicals at lower 
economic and ecological costs, should the allelopathic 
techniques perform at competitive yield and quality levels. 
The lack of applied experimental research is the main 
limiting factor for scientific advance in this field.
The so-called biodynamic (BD) preparations were the first 
set of plant extracts and natural solutions widely used in 
what can be regarded as applied allelopathy in organic 
farming systems (Deffune, 1990 & 1994a). This method has 
been successfully used by Brazilian farmers and others for 
the discovery of new sources of active principles or 
ingredients (Deffune et al, 1995 & 1996a).

1.2. Background work - Brazilian and world-wide demand
The hypotheses posed for the work arose during 12 years of 
research and extension work with both conventional and 
organic farmers (Deffune, 1986; Pio et al, 1984) in Paraná 
State, Southern Brazil (Plates 1.1 and 1.2).
A considerable amount of research on the effects of natural 
extracts and solutions on crops and weeds has been produced 
by official institutions in Southern Brazil (Almeida, 
1988).
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Plate 1.1. Brazil and South America.
Presently, an estimated 0.5% of the Brazilian farmers rely 
directly on sustainable, organic technology, with 
approximately 1,750 officially certified farms (Instituto 
Biodinàmico, Eng° Agr° A. Harkaly, personal communication, 
1998) by the following organisations: 1,100 by IBD
(Instituto Biodinamico), 500 by COOLMEIA (Organic 
Agriculture Co-operative), 70 by AAO (Organic Agriculture
Association), 50 by ABIO (Biological Agric. Association) 
and 30 by AGE-Brasilia (Ecological Agric. Association).

Plate 1.2. Brazilian map showing the Southernmost States of 
Paraná (pink), Santa Catarina (yellow) and Rio Grande do Sul 
(green).
The world-wide importance of Organic Agriculture in the 
context of ecologically sound technologies for sustainable 
development was made clear in the Earth Summit/Rio-1992 
(Deffune, 1992a), reflecting in the goals of the Agenda
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2000, as shown by recent studies comparing the adoption of 
sustainable technologies in different countries like 
Brazil, Spain and the U.K (Young, 1998) . This is also 
evident in the European Union, with growing demand for 
organic food and rising numbers of farmers and hectarage of 
organically farmed land (Baillieux & Scharpe, 1994). 
Economically successful integrated BD/organic systems in 
other New World countries are reported in several 
scientific papers (Reganold et al., 1993; Reganold, 1995).
Therefore, there is a clear need for more scientific 
research in the organic field, to generate sound technical 
advice for interested farmers.

1.3. Objectives and Hypotheses
A set of comparative and consecutive blind field trials was 
carried out supplemented by green manure rotations, 
greenhouse experiments and laboratory analyses. These were 
to determine the effectiveness and the general agronomic 
processes involved in organic and biodynamic (BD) 
techniques, as seen through the perspective of applied 
allelopathy. The general purpose was the attainment of 
sustainable, better yields and quality of agricultural 
produce.
The PhD research project to investigate these effects and 
techniques used a monocotyledon, Spring Wheat (Triticum 
aestivum, var. Canon) and a dicotyledon, Potato (Solanum 
tuberosum, vars. Cara and Pentland Crown), both of world
wide economic importance, with contrasting and 
complementary features. Crop yield and health, nutritional 
and keeping qualities of produce, as well as soil changes 
were the parameters evaluated.
This experimental work was designed to look into the 
agronomic significance of the effects of both organic 
compounds and allelochemicals active in farmyard manure 
composts; green manure rotations (using Rye, Secale cereale 
plus Vetch, Vicia sativa mixture) and mulches, as well as
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the "classic" Biodynamic preparations and their equivalent 
sources of both complex substances and simple elements.
The effects were studied combining analytical methods and 
systems approaches and checking the conclusions of previous 
researchers (Petersson, 1978; Koepf, 1966; Koepf & 
Goldstein, 1982). This included positive controls with 
chemical fertilizers, foliar nutrient sprays, and a 
comparison between different dilutions of the main tested 
substances.
This research follows the critical-rationalist approach of 
verifying the effectiveness of organic, allelopathic and 
biodynamic techniques by attempting to disprove, refute or 
falsify their action through crucial experiments1 (Popper, 
1972a), i.e., by submitting these techniques to the kind of 
tests they are more likely to fail. Thus, this research is 
additionally aimed at improving knowledge of applied 
allelopathy to organic agriculture in the following 
aspects:
• Effects of natural extracts and solutions on cropping 

systems.
• Screening of their active concentrations/dilutions.
• Role of BD preparations in organic farming systems.
• Research methods for a holistic approach in agricultural 

research, combining system comparisons and cumulative 
effects with analytical procedures.

• Fitting the studied phenomena into a suitable conceptual 
framework (Rice, 1984; Endler & Schulte, 1994).

The current conventional agricultural paradigm has the 
following general theories in relation to these approaches:
a) "The action of applied allelochemicals and diluted 

substances like the biodynamic preparations does not 
significantly influence the performance of arable 
crops".

b) "The biodynamic preparations do not fit into an 
experimentally verifiable framework concept like 
allelopathy and cannot improve organic farming practices
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and results".
c) "Organic farming techniques, like the use of compost and 

green manures, cannot successfully compete with the use 
of agrochemicals like fertilisers, in terms of yield, 
quality and crop protection against weeds, pests and 
diseases".

These theories and the above-mentioned objectives can thus 
be synthesised in the following Popperian hypotheses for 
falsification:
1 .3 .1 . "The action of applied allelochemicals and diluted
substances like the biodynamic preparations can
significantly influence the performance of arable crops".
1.3.2. "The biodynamic preparations can fit into an 
experimentally verifiable framework concept like 
allelopathy and can improve organic farming practices and 
results".
1.3.3. "Organic farming techniques, like the use of compost 
and green manures, can successfully compete with the use of 
agrochemicals like fertilisers, in terms of yield, quality 
and crop protection against weeds, pests and diseases".
These can also be translated into a question: "Can it be 
demonstrated that single or integrated organic and 
biodynamic treatments are capable of enhancing the
performance of arable crops? If so, what are the most 
important factors and how do the beneficial effects 
operate".
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Chapter 1 - Notes:

The following endnotes, as well as the ones in the other 
Chapters, are meant to clarify and emphasise important 
points in the text. The bold type is added here.
1 Popper, K.R. (1972) Conjectures and Refutations - the growth 
of scientific knowledge, pp.112-113:
"A theory is tested not merely by applying it, or by trying it 
out, but by applying it to very special cases - cases for which 
it yields results different from those we should have expected 
without a theory, or the light of other theories. In other 
words, we try to select for our tests those crucial cases in 
which we should expect the theory to fail if it is not true. 
Such cases are "crucial" in Bacon's sense; they indicate the 
cross-roads between two (or more) theories. For to say that 
without the theory in question we should have expected a 
different result implies that our expectation was the result of 
some other (perhaps an older) theory, however dimly we may have 
been aware of this fact. But while Bacon believed that a 
crucial experiment may. establish or verify a theory, we shall 
have to say that it can at most refute or falsify a theory. It 
is an attempt to refute it; and if it does not succeed in 
refuting the theory in question - if, rather, the theory is 
successful with its unexpected prediction - then we say that it 
is corroborated by the experiment (It is the better 
corroborated the less expected, or the less probable, the 
result of the experiment has been)."
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CHAPTER 2
Literature Review

2.1. Introduction
Organisms are not billiard balls, struck in a deterministic fashion by 
the cue of natural selection and rolling to optimal positions on 
life's table. They influence their own destiny in interesting and 
complex, comprehensible ways. We must put this concept of organism 
back into evolutionary biology.S.J. Gould, 1982, in "Evolution Now a Century after Darwin".

To build up scientific knowledge from the experimental 
treatment of (natural and agricultural) phenomena is 'the 
attempt to make the chaotic diversity of our sense-experience 
correspond to a logically uniform system of thought" 
(Einstein, 1940). Although Albert Einstein was originally 
considering the fundamentals of Physics, this applies to all 
natural sciences, given that "Physis" means Nature.
As the basic objective of this work is to test and understand 
the way applied allelopathic and biodynamic techniques work, 
it is essential to put it into the framework of the previous 
and more general scientific work and philosophical concepts 
that can provide a logical basis for it (Giere, 1984) . This 
is the case for evolutionary biology and global ecology, as 
used in this chapter's opening quotation:
• Allelopathy implies in dilute chemically mediated signals 

and stimuli that depend on evolutionary dynamic 
relationships, a continuous adaptive tuning between 
plants, herbivores, predators and parasites in space and 
time (Nordlund, 1981; Price 1981; Rice, 1984).

• Biodynamic Agriculture's basic approach is to consider the 
"Farm" as an "agricultural individuality or organism" 
(Steiner, 1974) and part of a hierarchy of levels of 
organisation that ascends in complexity from micro
organisms to the Biosphere (Margulis & Lovelock, 1989). 
Its distinctive techniques consist of the application of 
dilute substances to evoke dynamic responses in the 
agroecosystems in terms of high quality agricultural 
produce and healthy farming (Koepf et al., 1996).
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• Organic Farming proposes itself as a Biological or 
Ecological method of agriculture, that is both respectful 
to the environment, beneficial to living organisms and 
healthier for producers and consumers (Hodges, 1982).

The following bibliographic review, is an attempt to provide 
both the scientific background and the philosophical basis 
for the understanding of the phenomena and techniques studied 
in this work, as well as the links between the various 
disciplines involved. These several fields of study here 
included will prove as essential for the elaboration of a 
suitable theoretical model (Kosso, 1992), that can offer 
satisfactory interpretations for the phenomena observed, 
experimental results obtained and hypotheses raised at the 
end of this work.

2.2. Sustainability, Organic Farming and Geognosy
Although the importance of soil organic matter and good 
environmental management is generally accepted in farming and 
agricultural science today, these subjects have been largely 
disregarded in the recent developments of modern agriculture 
in the 20th Century (Santos, 1990), especially regarding the 
use of agrochemicals and heavy mechanisation. Sustainability, 
environmental conservation and even human health were rather 
overlooked in favour of straightforward productivity per unit 
area and short-term financial income (Greenland, 1981; Hodges 
& Scofield, 1983; Reganold et al., 1990).
On the other hand, long-term soil fertility and environmental 
conservation have always been the main topics for the groups 
advocating the methods known as Organic, Biological, 
Biodynamic, Ecological, Alternative or Sustainable 
Agriculture (Vereijken & Baars, 1995). These methods rely on 
the adequate integration of diversified crops, livestock and 
general recycling of natural resources, avoiding the use of 
any synthetic agrochemicals and transgenic organisms (Schmid, 
1993; Altieri, 1995).
Sustainability is the term used to define the capability of a 
system to maintain or enhance its productivity and carrying 
capacity in a durable way, through the longest period of time 
possible or desirable (Knorr, 1983; Francis & Youngberg 1990



Reganold et al., 1990; Deffune, 1992; Deffune et al.f 
1992a&b; Altieri, 1995 and Young, 1998).
The very concept of true Progress is being re-defined on this 
basis, as it was first and masterly synthesised by Ernst 
Friedrich Schumacher (1911-1977) (Schumacher, 1973) :
• Economic progress must take into account and aim at 

concrete human well-being, instead of abstract figures 
like "Gross National Product" and mere financial growth;

• Education is the most important socio-economic resource;
• Technology must be adapted to people's needs and its 

objective must be solving people's real problems, instead 
of "conquering markets", or rather generating consumer 
dependence.

Thus, the basic distinction between the so-called "hard", 
conventional, exogenous or capital-intensive technologies and 
the "soft", adapted, endogenous, labour-intensive sustainable 
technologies is that while the former are basically product 
consumption technologies, the latter are process learning 
technologies (Schumacher, 1973).
Despite its socio-economic and ecological advantages, this 
essentially educational character of sustainable technologies 
is maybe their main limiting factor as well: developing 
methods to study and solve local problems with a global 
perspective, in other words, learning how to "think globally 
and act locally" takes time, co-operation (Anderson, 1992) 
and requires both multidisciplinary research and a systems 
approach (Lockeretz, 1991; Hogh-Jensen, 1998) .
On the other hand, looking at the world's agricultural 
systems from an evolutionary perspective, this is the very 
way both farming tradition and human knowledge themselves 
grow (Grigg, 1987 & 1974). Once the first successful
experiences are accomplished (as the essential part of the 
"endogenous method-learning process"), the following steps 
tend to multiply and accelerate in geometric progression, as 
testified by the vertiginous diversification and growth of 
modern scientific knowledge (Popper, 1972b).
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Some scientists however, think that the expressions 
"Sustainable" and "Sustainability" imply a static 
perspective, which does not include the idea of evolutionary, 
progressive development. This question was raised in 
discussions with Dr. Ioannis Ispikoudis, Lecturer in Ecology 
and Agroforestry at the Aristotle University of Thessaloniki, 
Greece, during his post-doctoral stay at Wye College. He 
suggested the Greek term "Aeiphoria or Iphoria" (Aeupopia) as 
a suitable expression for evolutionary sustainability - a 
progressive "happy homoeorrhesis1", with general benefits for 
both natural and social communities (Ispikoudis, 1994 
personal communication). Here a liberty is taken to combine 
the words of Dr. Ispikoudis with one of the "Gaian scientific 
neologisms" used by Lynn Margulis and James Lovelock (1989) 
and explained in this chapter's endnotes1.
Margulis and Lovelock (1989) are in agreement with regarding 
the need for new and more precise terms (like homoeorrhesis, 
autopoiesis1 and aeiphoria) that can properly express new 
ideas, concepts and approaches for the newly born kind of 
Planetary Science they call Geognosy2:
Geognosy tends to join together different complementary 
fields of research as components of a "Science of the 
Biosphere", as essential members of an integral body of 
knowledge. These fields of study or scientific disciplines 
range from comparative planetology, satellite remote sensing, 
biogeochemistry and oceanography (Rambler et al., 1989) to 
organic and sustainable, or rather, "aeiphoric agriculture".
Regarding the very roots of Biodynamics, Rudolf Steiner 
originally advised (back in 1924) that in order to obtain 
healthy produce from healthy "farm organisms", both farmers 
and agronomists should act as "Nature's therapists" (Steiner, 
1974). This shows great affinity to Lovelock's proposed 
discipline of Geophysiology - the profession of ecological or 
planetary medicine (Lovelock, 1991).
Similarly, all the different branches of the Organic Farming 
movement emphasize the need for a systems, -i.e., systemic or 
holistic (Medawar et al., 1985; Bortoft, 1985; Sattler, 1986) 
approach to agriculture, encompassing the manifold biological
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interactions present in agricultural activities (Paschoal, 
1995; Sodero Martins, 1978 personal communication3).
These links between organic farming, biodynamics and geognosy 
serve to illustrate that although these sustainable 
agriculture movements have been for a long time branded 
"unscientific" by the modern agricultural establishment, 
today their common foundations are in harmony with the most 
advanced scientific conceptions (Smith, 1993).
Some may argue that Geognosy and the "Gaia Hypothesis"4 are 
not yet proved theories and still largely criticizable. But 
there is nothing wrong with criticizability; on the contrary, 
it is the most important sign of scientific soundness5, 
according to the most respected thinkers in the philosophy of 
science (Popper, 1994; Kuhn, 1996).
The actual problem for maintaining a sound and productive 
level of criticism is the basic requirement of unprejudiced 
knowledge of the subject in discussion - the very first rule 
of the Cartesian method, as it will be shortly discussed in 
section 2.7. This is often impaired by either sectarianism or 
excessive specialization5 (see second part of Popper's 
quote), that can easily degenerate into reductionism or 
narrowness, while multidisciplinarity or breadth of knowledge 
is recognised as a major success factor for modern scientists 
(Albersheim, 1978).

2.2.1. The Organic Approach
Organic Farming's approach can be summarized as considering 
agricultural systems from an evolutionary viewpoint (Grigg, 
1987 & 1974), in order to establish ecologically and socio
economically healthy farms through the best use of crop 
diversification, crop-livestock integration and recycling of 
both organic matter and resources (Stonehouse, 1981; Lampkin, 
1990; Schmid, 1993; Altieri, 1995).
This positive concept expresses more clearly what is often 
defined in a rather reductionistic and negative way as a 
"method that excludes the use of agrochemicals and 
genetically modified organisms" (Francis et al., 1990).
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Another basic definition along these lines is provided by the 
U.S. Department of Agriculture: "Organic Farming is a 
production system which avoids or largely excludes the use of 
synthetically compounded fertilizers, pesticides, growth 
regulators and livestock feed additives. Furthermore, it 
recommends livestock housing systems in regard to better 
animal welfare" (Papendick et al., 1980).
The two fundamental components or factors upon which 
Agriculture in general is based are (Santos, 1990):
• The Genotypes, or the genetic assets constituted by the 

Cultigens, i.e., the cultivated and domesticated plants, 
animals and microbes (Heiser, 1990);

• The Environment or environmental conditions (Greek agios, 
land and Latin ager, field) that human culture adapts 
(agri-culture) to favour the production of the cultigens 
in relation to natural flora and fauna.

From the above mentioned references and authors, one can 
conclude that the Organic approach consists of the attempt to 
best harmonize and well-manage the interactions between 
Genotypes and Environment for a durable, sustainable 
production of healthy food, while preserving or improving 
natural resources and agroecological biodiversity.
On the environmental side, recycling of organic wastes has 
become a most important issue, not only for the organic 
circles and the farming environment, but also in relation to 
urban wastes. In order to avoid the present transformation of 
resources into pollutants, several efficient adapted 
strategies of biodigestion and composting are available today 
(Kiehl, 1979; Deffune, 1993; Rodrigues et ai., 1994; 
Rodrigues, 1996). This subject will be discussed in items
2.3.1.1 & 2 on Green Manures and Composting.
The integrated use of resistant cultivars in Organic and Low- 
Input Farming for the biological control of diseases in field 
crops is a successful strategy, also largely used in 
conventional agriculture (Beale and Sweet, 1990) .
The same applies to crop protection using biological control 
(Bosch, 1980; Bosch et al., 1982; Lovett, 1991), 
diversification and induced resistance in low-input cropping
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systems (Cooke, 1996), which will be dealt with in detail in 
item 2.6. (Applied Allelopathy, Hormesis and Semiochemicals) 
and its sub-items on Dynamic Elicitation and Systemic 
Acquired Resistance.
Although the production of plant seeds and selection of 
animal breeds adapted to best performance under organic 
methods is still far from ideal, the initiatives of 
germoplasm banks and conservation programs (Abadie et al., 
1997a&b; Dias et al., 1997; Ferreira, 1997; Lobo & Josahkian, 
1997; Mendes & Second, 1997; Walter et al., 1997) can be 
successfully complemented by simple selection and 
multiplication methods and strategies of ecological-genetic 
breeding, which are accessible to farmers (Deffune 1981a&b, 
1991; Rockett, 1998).
Most of the opposition to Organic and Sustainable 
Agriculture's holistic approach, has been due to an 
excessively specialised view, which makes one feel very 
uncomfortable, to say the least, when facing the seemingly 
chaotic diversity of agroecological interactions (Schmid, 
1993; Altieri, 1995; Hogh-Jensen, 1998). Furthermore, there 
is the considerable influence of the agrochemical industry 
(including some of the biggest corporations of the world), 
through propaganda and economic power, to out-compete the 
non-commercial organic alternatives (Bosch, 1980).
The authentic scientific posture in this case (as regarding 
any new scientific approach, theory or paradigm) is to 
recognise Nature's inherent complexity and constructively 
criticise the alternative hypotheses and techniques proposed 
(Kuhn, 1996).
The history of the alternative farming movements is 
frequently associated with Sir Albert Howard, who developed 
the most widely known composting method, named "Indore" after 
the Indian State where he worked between 1924 and 1931. At 
that time he also established what would later become the 
basic ideas for the organic movements, contained in his 
famous "Agricultural Testament" (Howard, 1940a). He was also 
at Wye College for some time and parallel to his work the 
Soil Association was founded by Lady E. Balfour, an active 
agronomist and farmer. By the same time in the United States,
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a similar movement was becoming popular with I.J. Rodale and 
his "Organic Gardening" magazine, the first publication of 
what is today the Rodale Press (Conford, 1988) .
Several other organic farming groups and organisations were 
created in the UK, like the Bio-Dynamic Agricultural 
Association (1929, with its counterparts in Central Europe 
and the USA) and The Henry Doubleday Research Association 
(Hills, 1959). Elsewhere throughout the world, different 
denominations shared the same basic ideals and methods: 
"Agrobiologie" or Biological Agriculture are the terms used 
in France (Chaboussou, 1980 & 1985) and Portugal, while
Ecological Agriculture is the name given in German and 
Spanish speaking countries (Paschoal, 1995).
Permaculture originated in Australia (Mollison et al., 1972 
and 1997) proposing sustained yield agro-silvo-pastoral 
designs, a similar approach to that of Japan's Natural 
Farming method (Fukuoka, 1986), largely consisting of no-till 
multicropping perennial and sequential systems.
"Organic Agriculture" is today the most general and 
disseminated designation of sustainable movements world-wide, 
particularly after 1972, when IFOAM - the International 
Federation of Organic Agriculture Movements, was founded, 
congregating all sustainable farming currents (Geier, 1996).
Presently Organic Farming is widespread and officially 
recognised as a sound scientific approach to agriculture all 
over the world (Stonehouse, ed. 1981; Hodges, 1981) . It has 
been the subject of many studies, like:
❖  The European Commission funded Research Networks for EU 

and Associated Countries on Integrated and Ecological 
Arable Farming Systems, to develop suitable methodology 
and design prototypes for Sustainable Farming Systems 
(Vereijken, 1992 and Vereijken et al., 1994 & 1995);

❖  Scientific papers on farming systems (Pettersson & 
Wistinghausen, 1979) and nutrient regimes (Kafka & Koepf, 
1989);

•> General articles and official reports, like the *1980 
USDA's "Report and Recommendations on Organic Farming" 
(Papendick et al., 1980; Reganold et al., 1990; Nat. Res. 
Council - U.S.A., 1989);
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•> Books and conference papers dealing with aspects that 
range from alternative technical solutions and food 
quality, to economic viability (Koepf et al., 1976 & 1996; 
Lampkin & Padel, 1994; Schulz & Kopke, 1992).

The Organic Certification of agricultural produce is today 
officially regulated in most parts of the world, by the 
Ministries of Agriculture at both national and international 
levels (Byng, 1992; Baillieux & Scharpe, 1994; Labrador- 
Moreno et al., 1995; Lampkin, 1996).

2.2.1.1. Organic Farming and Biotechnology
Although the expression Biotechnology can be generally 
understood as "the ensemble of biologically based 
technologies" - a concept applicable to biological control, 
organic and biological-dynamic methods, the term was
restricted to, or rather appropriated by Genetic Engineering 
(Walker & Muir, 1995; Altieri, 1995).
However, as we will try to show in the relevant sub-chapters 
and items that follow, recent research on mechanisms of 
Induced Systemic Resistance (ISR), Systemic Acquired 
Resistance (SAR) and other induced metabolic adaptations in 
plants (Sticher et al., 1997) shows affinity with the 
underlying processes involved in Allelopathic and Biological- 
Dynamic effects. In connection to this, Molecular Biology 
offers one of the explanatory pathways for phenomena, with 
especial reference to the co-ordinate nature of gene activity 
in response to agents that induce adaptive plant reactions 
like ISR and SAR (Dean & Kuc, 1987; Ward et al., 1991; 
Alexander et al., 1993; Guardiola et al, 1994 & 1998).
The moderate position amongst scientists is that the value of 
Molecular Biology as a research tool can be recognized 
(Mantell et al., 1985), even to explain processes involved 
and effects observed in organic, biodynamic and allelopathic 
techniques (Rice, 1995), e.g.:
>> The manifold mechanisms of semiochemical signalling 

between organic manures, companion plants, weeds, pests, 
diseases and their natural enemies;

>> The physiological roles and interactions of simple
elements (like Si, S or Cu) in secondary metabolite
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production, elicitation and cell signal transduction, in 
both plant resistance and nutrition;

>> The way Induced and Systemic Acquired Resistance work and 
their several elicitation pathways, promoting better 
growth, quality and resistance to unfavourable conditions 
or parasites.

This view is not shared, though, by most members of the 
Organic Movement, not for the above-mentioned scientific 
research reasons but rather due to the general opposition to 
the patenting of genes and living organisms.
The international organic food standards bodies are today 
involved in the controversy of regulation and approval of 
genetically modified organisms (GMOs) for the world's
agricultural markets. As the organic standards do not 
authorise the use of any GMOs, they have become the only 
certification scheme that enables the consumers to
distinguish food exempt from GMOs. This is largely due to the 
lack of legislation obliging clear labelling of produce in 
most countries - a situation created by the claims of 
discrimination against "free market competition", by the 
genetic engineering sector companies, regarding the rules 
established by the General Agreement on Tariffs and Trade 
(GATT) and the World Trade Organisation (WTO) (Alvarez et 
al., 1998a).
Brazil seems to be the first country to officially regulate 
GMOs through compulsory environmental impact assessment, food 
safety tests and explanatory labelling of authorised marketed 
produce (Lisboa, 1999; Greenpeace, 1999).
The environmentalists' concerns about GMOs are justified by 
the potential threats to biodiversity, regional independence 
and food security, posed by the monopoly of patents of living 
organisms by the big multinational conglomerates (Alvarez et 
al., 1998b). Furthermore, some studies show that the 
extensive introduction of GMOs may also result in increased 
agrochemical use and pollution (Muller^ 1999).
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2.2.1.2. Organic Farming and Agrochemical Pollution
The exclusion of pesticides from the agricultural production 
systems is in itself an environmental advantage of organic 
methods, in that it promotes soil conservation and
biodiversity (Reganold et al., 1990; Schmid, 1993; Altieri, 
1995; Alfoldi et al., 1995). This is especially important in 
the substitution of herbicides by efficient mechanical and 
non-chemical weed control methods (Berry, 1994; Berry & 
Wilkes, 1994; Morrish & Lee, 1994; Lee et al.t 1994; Ligneau 
& Watt, 1995).
One of the main global environmental problems related to 
agrochemical farming refers to its interference in the 
Nitrogen cycle. Nitrogen makes up 78% of Earth’s atmosphere; 
however, in its atmospheric form N2 is an unreactive gas, 
unavailable to most living things.
A recent peer-reviewed report from the Ecological Society of 
America (ESA) portrays nitrogen as a triple threat: warming 
the planet via the greenhouse effect, damaging the Earth's 
protective ozone layer and reducing biodiversity (Vitousek et 
al., 1997).
While natural forces fix somewhere between 90 and 140 million 
metric tonnes (MMT) of nitrogen per year (lightning accounts 
for about 10 MMT, micro-organisms for the rest), human 
activities now fix something just over 140 million metric 
tonnes (MMT) per year, thus doubling (or more) the amount of 
biologically active nitrogen on the land, according to ESA. 
This promotes eutrophication of waters and land infestation 
by weeds adapted to excess N soil conditions to the detriment 
of diverse native flora (Wedin and Tilman, 1996).
On the other hand, nitrogen gases are also being added in 
damaging amounts to the atmosphere (Nat. Res. Council - USA, 
1977):
> Nitrous oxide (N20) is a potent greenhouse gas;
> Nitric oxide (NO) plays a key role in creating toxic ozone 

near the ground;
> The final product from oxidizing NO is nitric acid, a key 

component of acid rain;
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> Ammonia (NH3) injected into the atmosphere is a major 
source of nitrogen movement between ecosystems. Each 
year, fertilizer contributes 10 MMT of ammonia to the 
atmosphere; domestic animal wastes contribute 32 MMT, and 
biomass burning adds 5 MMT. Humans contribute 70% of all 
the ammonia reaching the atmosphere.

That is alarming, considering that until 1940, human 
industrial activities fixed almost zero nitrogen. Indeed, a 
study in 1990 found that half of all the nitrogen ever fixed 
by industrial processes has been produced after 1980 
(Vitousek et al., 1997). Furthermore, most of the N 
fertilizers are produced by the expensive petroleum-dependent 
Haber-Bosch ammonia formation process. Adding to the 
transportation, storage and application costs, only half of 
this chemical N is actually recovered from the soil by crops, 
due to nitrate leaching and denitrification, which add to the 
pollution problem (Salisbury & Ross, 1978).
All these facts point to the advantages of a sound organic 
manure and biomass management over chemical fertilizer 
applications in relation to both atmospheric pollution and 
the quality of surface and groundwater supplies. The 
efficiency of controlled composting and rational biomass 
management (minimum cultivation, mulching) to avoid both soil 
nitrate and volatile ammonia losses has been experimentally 
identified a number of years ago (Koepf, 1968; Kiehl, 1979).
Nevertheless, some textbooks on soil nitrate processes and 
management still seem to ignore the importance of well 
managed organic methods to alleviate the nitrate leaching 
problem (Burt et al., 1993).
Although the above-mentioned textbook's overview on the 
nitrate issue (Heathwaite et al., 1993) clearly shows that 
excessive soluble nitrogen fertilizer use is the main causing 
factor of deficient nitrogen cycling in agricultural soils 
(Vinten et al., 1993), the proposed necessary changes in 
agricultural practices do not clearly include organic farming 
techniques (Parkinson, 1993).
Recent reviews even show lack of evidence on the role of 
composting, green manures and cover crops in providing well-
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balanced nitrogen cycling in agroecosystems in contrast to 
chemical fertilizer applications (Dermaris, 1997) .
This seems to be due to the fact that data for comparisons 
were collected from different farms managed under contrasting 
gygtsms and not from sampling statistically well designed 
experiments, under controlled conditions.
As most of organic matter recycling up to now has been done 
on the basis of traditional experience, many organic farms 
still practice largely deficient mulching, composting and 
manure handling, with resulting nitrogen losses and poorer 
yields.
Sound organic matter management is here meant chiefly as:
• Well planned green manuring as catch-crops and surface 

mulching (Kiehl, 1979; Atallah & Lopez-Real, 1991; Deffune 
et al., 1992a; Labrador-Moreno et al., 1995; Koepf et al., 
1996);

• Fast and protected manure handling with views to...
• Controlled aerobic and thermophilic composting, to avoid 

both atmospheric and liquid nitrogen losses (Kiehl, 1979; 
Witter, 1986; Deffune, 1993; Koepf et al., 1996).

Technical and scientific advice to organic farmers in these 
matters can significantly reduce nitrogen losses and avoid 
the resulting lower yields due to simple nitrogen response of 
crops (Brinton, 1985). This can be achieved through better 
mineralization of nitrogen and other nutrient elements in 
soils amended with properly treated manures (Hébert et al., 
1991; Rodrigues et al., 1994; Berner et al., 1995).
Good evidence of this is provided by medium and long-term 
comparative studies on nitrate leaching under crops treated 
with mineral and organic fertilisers (Leclerc et al., 1995; 
Kristensen et al., 1995).
Genetically modified crops may also lead to increase soil and 
water agrochemical pollution, as some recent reports show. 
The British Times (March 5, 1999) reports that water
companies are demanding a moratorium on the planting of 
genetically modified crops and that an innovative program, 
initiated by Wessex Water, pays farmers to switch to organic
agriculture.
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The companies fear that the crops may lead to increased 
chemical usage and thus result in adverse water quality 
impacts. To date, life science companies have concentrated 
research on specific resistances or tolerances, particularly 
to herbicides. It is widely believed that, as these crops 
proliferate, farmers will apply more herbicides (Muller, 
1999) .
This may also increase the general application of other 
agrochemicals like Nitrogen fertilisers. With barer soil 
conditions and much less weeds to take up the N, nitrate 
leaching is likely to increase the concentration of those 
specific chemicals in drinking water (Koepf, 1977; Hobbelink,
1995) .
Some respected researchers maintain that the present volumes 
of agricultural production in the Northern Hemisphere's 
developed countries are not actually sustainable. Thus, the 
introduction of GMOs that depend on the same capital- 
intensive, agrochemical-dependent and environmentally 
damaging methods would in no way solve the world food supply 
problems, generally associated with third-world population- 
boom scares. This problem can only be solved by resource and 
energy efficient, sustainable agricultural systems or labour 
intensive methods that promote production by the people 
themselves (Ehrlich et al., 1993; Pimentel et al., 1994; 
Schumacher, 1973 & 1997).

2.2.2. Energy, Subsidies and Traditional Farming Systems
Questioning the sustainability of conventional methods in 
relation to their energetic balances and environmental 
degradation, has become an important point for many 
researchers (Altieri, 1995). Alfoldi et al. (1994) compared 
the energy inputs and outputs in biodynamic, organic and 
conventional production systems during two cycles of a 7-year 
rotation of potatoes, winter wheat, beetroots, winter wheat, 
barley and 2 years of grass-clover. Although the conventional 
system produced higher yields in all crops, the biological 
systems used between 16 and 38% less energy per ton of all 
produce, except potatoes. More labour was required for the 
biological systems, particularly the biodynamic.
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The same questioning applies to the long-term economic 
sustainability and soundness of farm management (Reganold et 
al., 1993; Reganold, 1995; Lampkin & Measures, 1995). This 
happens not only in relation to the developed countries, but 
also to the problem of the Third World farmers who do not 
have the subsidies and conditions to enable them to be 
regular consumers of industrial commodities (Arciniegas & 
Lacki, 1993; Lacki, 1995). In Brazil, alternative farming 
systems have become an economic solution not only for 
smallholders (Deffune, 1986). Similarly to what happens in 
the rest of the world, they constitute a good option for many 
big agricultural enterprises, leading to an increase of 
research and extension work in the last decade (EMBRAPA- 
CNPMA, 1995) . Traditional farming systems have become a focus 
of attention for official research and development agencies, 
as they often provide examples of sustainability in sharp 
contrast with the environmental degradation caused by modern 
intensive methods (Ispikoudis et al., 1993) both in the Old 
and New World (Arciniegas et al., 1993; Lacki, 1995). The 
well-balanced association between forestry management, low- 
input agriculture and adapted livestock breeding can be found 
even in age-old European (Colmenares, 1987a&b; Leal et al., 
1997; Lopes, 1997) Latin-American and Caribbean peasant 
systems (Garcia Trujillo, 1998).
One of these examples is the building-up of soil fertility 
and environmental carrying capacity during centuries of 
titanic terracing by mountain farmers in the Peneda-Gerés 
Sierra of the far northern Portuguese province of Minho 
(Carvalho et al., 1998). Soil nutrient elements were raised 
to very high levels (e.g.; available P £ 200 ppm) without 
importing any fertilizer or substrate from outside an 
oligotrophic ecosystem where no natural agricultural soils 
are mapped. This was achieved through the accumulation of 
recycled crop residues and farmyard manure from native breeds 
of livestock adapted to grazing in the very acid and nutrient 
poor granite based soils of the mountain pastures. The 
fertile "Cumulic Anthrosols" of the "Socáleos" (terraces) are 
thus formed by the accumulated organic materials and the 
progressive concentration of nutrients, first by the thorny 
Iberian plants capable of growing in these poor soils,
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secondly by the native animal breeds adapted to successfully 
feeding on them (Deffune, 1998).
Analogous to what happens with the mountain organic and 
biodynamic farmers in Southern Brazil (Deffune, 1986), this 
example shows that traditional farming systems need only a 
systems oriented technical and managerial advice for a smooth 
transition to profitable and sustainable agriculture. Proper 
organic fertilizer application methods, associated with 
natural mineral supplements (e.g., rock phosphates, 
limestone, basalt, ashes), biological control and
allelopathic techniques, can render smallholder groups 
competitive by giving them access to a rewarding and growing 
organic food market (Deffune 1986, 1992 & 1993; Deffune et
al., 1992a & 1992b, Lampkin et al., 1994 & 1995).
This is the focus of present projects in the European Union 
(EU) and associated countries (Carvalho et al., 1998; 
Vereijken, 1992; Vereijken et al., 1994, 1995) and several
studies in Biodynamic farming (Vereijken et al., 1995), 
relating landscape development, nature conservation,
traditional systems and transition to organic farming 
(Lampkin, 1990 & 1996).

2.3. Organic Matter and Soil Fertility
The importance of organic matter for soil conservation and 
long-term fertility is a basic fact, easily found in any soil 
science textbook (Kononova, 1966; Kiehl, 1978; Greenland, 
1981; Schroeder, 1984; White, 1987).
Although the positive effects of organic manures on soil 
physical properties are recognised in most research works, 
their comparative advantages are diminished in relation to 
the bumper crops obtained with chemical fertilizers. This is 
the case with the long-term experiments at Rothamstead, that 
show the possibility of a chemically maintained monoculture 
that can be called "sustainable", however depending on 
favourable environmental conditions, like the mild 
temperatures and evenly distributed pluviométrie 
precipitation throughout the year, which are characteristic 
of that region of England (Bunting, 1963 & 1964; Jenkinson et 
al., 1987) .
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Albert Howard's (1940b) early criticisms of "the unsoundness 
of Rothamstead" refer to the exclusively quantitative grain 
yield parameter applied, disregarding food and environmental 
quality as well as the socio-economic soundness and 
feasibility. A system like this can be artificially 
"sustained" with heavy inputs, but it is not healthy in an 
'aeiphoric' sense (Ispikoudis, 1994; personal communication), 
as it is neither self-regulated nor reasonably self- 
sufficient in resources and energy (Koepf et al., 1976; 
Lampkin, 1990; Altieri, 1995).
The Haughley Experiment at New Bells Farm, Suffolk (1963), 
was the "organic response" to Rothamstead, achieving good 
environmental and economic results during twenty-five years 
of monitored management. However, it has contributed little 
to show comparative advantages of the organic method. 
Similarly, the more recent and current farm-scale experiments 
run by the organic movement in Britain (Lampkin & Measures, 
1995), are directed towards offering viable alternative 
strategies and techniques (e.g., stockless rotations, green 
manures) to already practising organic farmers, rather than 
running statistically designed comparative trials (Lampkin, 
1990; Farmers Weekly, 1995).
This kind of research is currently being done at the 
"Institut für Organischen Landbau" of the University of Bonn 
and the "Institut für Biologisch-Dinamische Forschung" (IBdF) 
in Darmstadt, Germany. The IBdF co-ordinates a European 
Commission (EC) funded research framework project with 
several participating research institutes from different 
European states (Raupp ed., 1995b).
Another similar example, focused on comparative systems 
design and sustainability parameters is the research network 
for EU and associated countries on integrated and ecological 
arable farming (Vereijken, 1992; Vereijken, et al., 1994, 
1995). Their results show how essential a good organic matter 
management is inside a systems approach, to achieve 
ecologically sound and economically sustainable agriculture 
models, adapted to regional conditions.
The good results achieved by the EC funded research projects 
in organic agriculture led to the foundation in 1996 of The
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European Network for Scientific Research Co-ordination in 
Organic Farming (ENOF, 1999).
Current research in plant and soil science has also shown the 
important relationships between organic matter, biological 
activity and the promotion of durable soil fertility (Vaughan 
& Malcolm, 1985).
A wide range of stable decomposed organic compounds (e.g.; 
humic and fulvic acids) is collectively designated as humus - 
largely considered the most important contribution of organic 
manures to soil fertility (Waksman, 1936 & 1952; Stevenson, 
1982) .
Although humic substances are not plant nutrient elements in 
themselves, stable humus is by far the best and most economic 
soil physico-chemical conditioner - the most important medium 
for nutrient element availability and uptake by plants. Humus 
has got the highest water retention "field capacity" and the 
highest Cation Exchange Capacity (CEC) amongst soil
components (Kiehl, 1978 & 1979; Deffune, 1993; Koepf et al.,
1996) .
One of the known mechanisms involved in these benefits of 
humus to soils and crops is the lowering of water surface 
tension, favouring the absorption of ion solutions by roots, 
that in turn have their surface activity enhanced, with 
consequent plant growth stimulation (Vakhmistrov et al., 
1986).
Last but not least, humic substances contain and adsorb 
considerable amounts of allelochemically active compounds 
that can influence both soil properties and crop performance 
(Schoonhoven, 1981; Price, 1981; Jackson & Lewis, 1981; Rice, 
1983 & 1984; Inderjit & Mallik, 1997; Inderjit et al., 1997), 
as it will be detailed in sections 2.5.1, 2.6.2.2.3 and 
2 . 6 . 8 .

The well-balanced soil biocenosis (useful earthworms, beetles 
and microbes) nurtured by the continuously maintained 
turnover of organic matter, promotes soil aggregation and 
long-term fertility (Kiehl, 1978 & 1979; Antoniolli &
Giracca, 1993; Pfiffner & Niggli, 1996; Pfiffner & Mader,
1997) .
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Soil fertility, both reclamation and preservation has always 
been a major topic for bio-dynamic farming and gardening, 
relating organic fertilizer use to the health of the soil and 
to that of livestock and consumers (Pfeiffer 1938, 1983 & 
1988/1947) .
Biodynamic research has also contributed to this subject, 
comparative trials on the main effects of various organic and 
mineral fertilizer use on soil organic matter turnover, 
yields and growth of annual crops (Alfoldi et al. , 1995). It 
has also investigated the mechanisms involved in the mineral 
nutrition of tropical perennials (Garcia et al., 1989), to 
explain the general advantages observed and reported in 
organic and biodynamic farms (Reganold, 1995; Reganold et 
al., 1987 & 1993).

2.3.1. Organic Manuring Methods
The principal methods of rational organic fertilizer use 
consist of the techniques of green manuring and composting, 
adapted to specific agricultural objectives and 
agroecological conditions (Kiehl, 1978 & 1979; Deffune, 1993; 
Koepf et al., 1996; Woodward et al., circa 1982).
Properly produced and managed organic fertilizers can provide 
the necessary nutrient elements for high crop yields, 
compatible with modern world agricultural standards, as shown 
in Table 2.1.
In extremely oligotrophic soil conditions, as are often found 
in Tropical and Subtropical acidic Oxisols (e.g.; Latosols, 
Cambisols and Podzolic soils in Southern Brazil), phosphorus, 
calcium, magnesium, potassium and trace elements, can be 
supplied by the use of rock phosphates, limestone and wood 
ashes. Rock phosphate solubilization benefits from low soil 
pH and organic matter's microbial activity, raising pH and 
helping in its turn green manures, symbiotic and non- 
symbiotic microbes (Kiehl, 1979; Lampkin & Woodward, 1990; 
Sharpley & Withers, 1994; Dekkers, 1995; Werff et al., 1995). 
Because of the multiple purposes and effects that these 
techniques can have, detailed knowledge of available 
resources, conditions and processes is needed.
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Table 2.1. Nutrient element contents of some animal (FYM = pure 
bovine Farmyard Manure) and green manures (modified from Kiehl,
1979 and Deffune , 1992 & 1999a).
Manure Fresh

FYM
Composted

FYM
Chicken
Manure

Avena
sativa

Green Manures
Lupinus Mucuna 

sp a ter rima
Crotalaria

júncea
Contents

MC 74.9 34.5 35 DM DM DM DM
N 2.11 2.31 3.63 2.33 2.88 2.24 1.95
P 0.70 1.78 1.54 0.50 0.27 0.58 0.40

% K 2.39 3.25 2.64 3.57 2.75 2.97 1.81
Ca 0.87 3.11 1.99 - - - -
Mg 0.44 0.92 0.52 - - - -
Na 0.83 0.82 0.74 - - - -
S 0.2 0.26 0.55 0.18 0.25 0.32 0.24
Fe 12000 15100 80 - - - -

P Mn 763 1042 378 - - - -
P B - - 53 - - - -
m Cu - - 1000+ - - - -

Zn 132 329 298 - - - -

2.3.1.1. Green Manuring
Green manures serve chiefly to provide higher amounts of 
biomass with less labour and must be applied as surface 
mulching, not incorporated in the soil, in order to avoid 
transient nitrogen deficiency in the subsequent crops (Kiehl, 
1979; Deffune et al., 1992a). However, they automatically act 
as catch crops, either rescuing left-over nutrients in 
shallow soil, or mobilising them from deeper layers of the 
soil profiles (Atallah & Lopez-Real, 1991). Leguminous green 
manures bring the additional benefit of nitrogen fixation, 
when properly associated with bacteria (Ceretta et al., 1994; 
Labrador-Moreno et al., 1995; Koepf et al., 1996).
Furthermore, green manures can successfully save labour and 
energy, when used in properly planned minimum-cultivation or 
zero-tillage systems (Deffune 1991, 1992a & 1999a; Da Rós & 
Aita, 1994; Aita et al., 1994) as soil water saving cover 
crops and mulches, in both annual and perennial cultivation 
systems like orchards and vineyards (Bugg et al., 1996).
Besides all these commonly known benefits, green manures can 
be successfully used to control weeds, either through 
vegetative or allelopathic suppression (Putnam, 1988; Parish, 
1990; Eskelsen & Crabtree, 1995) . They can also repel pests 
and help control diseases, either through simple
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diversification and physical effects, like crop albedo 
changes (Vinson, 1981; Rice, 1984 & 1995; Morris & Kareiva, 
1991) or by means of several complex semiochemical 
interactions (Nordlund, 1981; Price, 1981; Calegari, 1987; 
Santos & Avelar, 1992; Metcalf & Metcalf, 1992). However, all 
these different modes of action are so complementary and 
intimately associated, that it becomes quite difficult to 
actually distinguish allelopathic effects from resource 
competition in the field (Inderjit & del Moral, 1997). These 
aspects will be dealt with in items 2.6 and 2 .6 .8 .

2.3.1.2. Composting
The enhancement of soil fertility by addition of compost is 
an age-old traditional technique that has been largely 
forgotten in present-day manure handling for the true value 
and effectiveness it can offer (Dick & McCoy, 1993).
Composting serves not only to multiply four or fivefold the 
available amount of animal manure or nitrogen-rich substrate 
with carbon-rich plant residues, but to maximize general 
recycling of nutrient elements and especially nitrogen - an 
essential role in sustainable agriculture (Sequi, 1995).
These are the main reasons why proper controlled composting 
is preferable to direct manure application and other methods 
of waste treatment, like biodigestion and vermicomposting, 
which can be anyway integrated with it, according to the 
nature and the best management of the wastes (Kiehl, 1979; 
Deffune, 1991 & 1993).
Scientifically controlled composting can be done through 
multiple, simple economically and functionally adapted
techniques that can be summarised in four basic rules or 
requirements (Kiehl, 1979; Witter, 1986; Deffune, 1993; Koepf 
et al., 1996) :
1. Heat Generation - composting is the process of decomposing 

organic residues at high temperatures in biological terms 
(ideal average around 55°C), through the activity of 
thermophilic micro-organisms (bacteria, actinomycetes and 
other fungi).

2. Aeration - an oxygen proportion of 17% (10% minimum) in
the composting mass benefits these thermophilic micro
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organisms which are mostly aerobic, digesting organic 
matter through oxidation and delivering water and C02 as 
the compost's main (ideally the only) gaseous by-products. 
Anaerobic fermentation that producing volatile methane 
(CH4 ) and ammonia (NH3 ) is undesirable for N loss and 
greenhouse effects.

3. Moisture Content - must be maintained in the 60% range, to 
balance the aeration requirements, providing at the same 
time enough water for microbial activity.

4. Material Composition - basically balancing the 
Carbon:Nitrogen (C/N) ratio, which condition the 
composting time needed, or the speed biostabilization and 
humification can be reached. The average in-farm C/N 
ratios are between 30:1 and 90:1, depending on the 
proportional availability of residues, leading to 
composting completion (humification) between 40 and 120 
days, with a final C/N ratio between 10:1 and 15:1.

Actual composting control can be performed in practice
through diverse technologically adapted methods (Kiehl, 1979;
Deffune, 1993; Stentiford, 1995):
• The particle size of the residues must be appropriate to 

the aeration and moisture needs. This is done through the 
usual shredding, chopping and/or grinding undergone during 
forage or residue collection.

• Moisture content can be monitored either through 
periodical drying and weighing of representative samples, 
or by simply hand squeezing them, to check if they just 
ooze out the essential visible droplets between the 
fingers of an experienced operator.

• Temperature is controlled through probes and thermometers 
that can be connected to a feedback aeration mechanism, or 
again, by the simple use of transversal metal bar-probes 
that are daily hand-tested by operators.

• Heat and the balance between aeration and moisture, can be 
achieved by compost windrowing, forced aeration through 
blowing fans or sucking pumps or even through a simple 
slight periodical raising movement of longitudinal support 
poles used as a frame-platform under the compost heaps.
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Mature compost of average quality, with minimum reasonable 
nutrient element contents can supply a considerable amount of 
NPK to the soil. So, it is able to maintain high yielding 
crops, as shown in Table 2.2, which portrays three basic 
compost application levels: Low = 10-20 t.ha'1, Medium = 20- 
30 t.ha"1, High = 30-60 t.ha"1 (Kiehl, 1979).
Table 2.2. NPK contribution of dry compost applications, 
considering average dry compost NPK contents of 1%; 0,6% & 0,8%
resoectively (modified from Kiehl, 1979).
Dosage (t.ha'1) kg N kg P205 kg K20 Total

10 100 60 80 240
15 150 90 120 360
20 200 120 160 480
25 250 150 200 600
30 300 180 240 720

Biodynamic methods and research have been largely focused on
quality compost production and use since its very beginnings
(Steiner, 1974) .
In Biodynamics, composting is approached as both a science, 
in terms of the knowledge of its processes, and an art, 
regarding its necessarily adapted practice; a view that is 
shared by other scientists regarding agronomy and agriculture 
in general6 (Kiehl, 1978 personal communication).
Nevertheless, some not—so—scientific practices like adding an 
excessive amount of soil and quicklime to the compost heaps 
is usually recommended in BD composting. This is unnecessary 
in farm composting, considering that a soil content of around 
1-2% in weight is practically unavoidable, due to normal 
compost-yard and dust contamination, which naturally promotes 
a healthy inoculation of the heaps with locally selected 
microbial colonies.
Addition of quicklime (or any alkaline material) can 
excessively raise the compost pH, promoting volatile NH3 
losses. Compost enrichment with calcium and other elements, 
especially phosphorus, when necessary, can be achieved by the 
use of rock phosphate or ashes in a proportion that must not 
exceed 0.5-1% in weight at the beginning of the process 
(Kiehl, 1979; Witter, 1986; Deffune, 1993; Stentiford, 1995).
Both these practices can significantly lower the desirable 
organic matter and nutrient element contents of the compost,
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causing farmers to invest hard labour manuring their land 
with a poor compost, which contains a high proportion of 
their own soil (Kiehl, 1979; Deffune, 1993; Stentiford, 
1995). Poor composting is therefore responsible in many cases 
for the lower yields attributed to organic fertilizer use, as 
was emphasized in section 2.2.1.2.
The use of the BD preparations is another technique that has 
not yet been considered as scientifically validated. Because 
of this, special regard was given in BD research to compost 
quality and to the development of testing methods sensitive 
enough to identify both yield and qualitative differences 
caused by the BD preparations (Pfeiffer, 1959 & 1960a; 
Kolisko & Kolisko, 1978; Koepf, 1993). This subject will be 
specifically dealt with in sections 2.4.4, 2.5.2 & 3 and 
throughout this work's methodology and results.
Compost application is known to help in the general 
suppression of plant pests and diseases through both 
mechanisms of antibiosis and the release of allelochemicals, 
which are active in the soil and plants (Kiehl, 1979; 
Weltzien, 1990; Hoitink et al., 1993 & 1995; Weyman- 
Kaczmarkowa et al., 1992).
Ligneau and Watt (1995) have studied the effects of compost 
on the germination and emergence of arable crops and weeds. 
Although the study has shown the positive effects of mature 
compost on the crops, mixed results have been obtained by the 
use of compost-mulch in weed control; while a few annual 
weeds, especially the ones with small seeds and seedlings can 
be partially suppressed, others, like perennials and 
vegetatively reproducing weeds can benefit from compost 
applications (Ligneau & Watt, 1995; Lee, 1995 & 1996; Lee et 
al., 1994).
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The growing public awareness of both environmental 
degradation and food contamination, especially in the last 
two decades, has led to a considerable rise in consumers' 
quality expectations, in terms of both food and environmental 
resources, like water, air and landscape.
This higher demand relates to all the different stages of 
agricultural production, from sustainable farming systems, 
which can produce healthy food while preserving ecological 
assets (e.g.; landscape beauty, soil fertility, wildlife 
diversity), to storage, processing and packaging of food. 
Organic farming fulfils these expectations (Meier-Ploeger, 
1990) . All this is largely justified, considering that tax- 
paying consumers ultimately pay not only for all the implicit 
costs of agricultural production, but also for the ones 
related to pollution abatement (e.g.; water treatment).
The contrasting influences of organic and inorganic 
fertilisers on crops and soils are also economically relevant 
for farmers (Browaldh, 1992). However, there is a mixed 
pgaction from both the agricultural and scientific 
establishment in this context.
Schupham (1978) criticized the propaganda for food qualified 
as organic or ecological, by judging these concepts 
controversial due to the lack of actual scientifically proven 
nutritional and environmental advantages of organic over the 
agrochemical methods. On the other hand, by the same time 
several researchers were finding significant comparative 
analytical differences at least, or experimental results 
generally favouring organic methods (Peavy and Greig, 1972; 
Schuphan, 1972; Pettersson, 1978; Knorr, 1979).
Kjer (1991) for example, has reported a higher content of 
heavy metals like cadmium in malting barley from conventional 
farms compared to the barley coming from organic farms, in 
two years' harvests, which have been attributed to the 
farming methods and not to environmental variables. Aubert 
(1979) has reported that the concentration of chlorinated 
hydrocarbons in mothers' milk decreased with increasing 
consumption of organic foods in the their diet.

2.4. Organic Farming, Environmental and Food Quality
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Other works, which are discussed in the sequence, have shown 
that high contents of nitrate and free amino acids, in 
foodstuffs produced with chemical nitrogen fertilizers, 
account for lower quality by reducing the relative content of 
essential amino acids (EAA index) and true protein. Moreover, 
in the digestive tract nitrates are reduced to nitrites, 
which in their turn can react with amines or amides to form 
carcinogenic nitrosamines or these nitrites can oxidize iron 
in haemoglobin from an active ferrous form to the ferric 

yielding methaemoglobin, which cannot transport O2. 
Similar reactions are possible with residues of some 
dithiocarbamate fungicides (Salisbury & Ross, 1978). Even if 
both nitrate/nitrite and fungicides are present in minimum 
amounts, below the British and World Health Organisation's 
Maximum Residue Limits, their decomposition metabolite 
ethylenethiourea can react to form the carcinogenic and 
mutagenic nitroso-ethylenethiourea (Meier-Ploeger, 1990) .
According to Schuphan's (1974) 12-year experiments, nitrate- 
nitrogen contents of vegetables from organically treated soil 
were 16 times lower than that of conventional products. A 
decrease of protein quality (EAA index) with increasing 

nitrogen application was found by the same author m  
spinach and lettuce (Schuphan, 1976).
In similar works, non-protein nitrogen and non-essential 
amino acid concentration were found to increase with 
increasing mineral nitrogen applications while the 
concentration of some essential amino acids decreased 
(Schuphan 1972; Pettersson, 1978).
Reganold et al. (1987, 1993 & 1995) have published a number 
of papers analysing the ecological and economic
sustainability of farming systems. Results show that, in the 
long-term, organic methods are significantly more effective 
in promoting fertility and avoiding soil erosion than 
conventional techniques. Organic and biodynamic farms were 
just as financially viable and more economically stable than 
their conventional counterparts.
An European Commission (EC) funded collaborative research 
project on the main effects of various organic and mineral 
fertilisation methods on soil organic matter turnover and
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plant growth (Raupp, ed. 1995) has already produced relevant 
scientific data on proper quality management in Ecological 
Agriculture (Granstedt, 1995; Roinila & Granstedt, 1995).
However, in most of the modern European Food Acts there is a 
provision stating that food quality criteria are set 
according to society's demands. This creates a tendency to 
avoid interference and to allow the market to dictate its own 
standards more in terms of customary consumer preferences and 
retailers' convenience than on an economically rational, 
scientific or nutritional basis.
Furthermore, consumers have difficulties in understanding 
technical terms of nutritional information - a situation that 
only medium to long-term educational campaigns can improve 
(Manley, 1990; Woodward et al., 1990).
Pavel Simûnek (1994), in his MSc Dissertation for Wye 
College's Sustainable Agriculture Course, offers a good 
review on food quality criteria and evaluation methods.

2.4.1. General Quality of Organic Produce
Several research works and publications focus on the 
comparative environmental and nutritional qualities between 
organic and agrochemical systems (Vogtmann, 1981; Vogtmann et 
al., 1993).
Peavy and Greig (1972) compared yield, quality, and 
composition of spinach under equivalent levels of organic and 
mineral fertilizer. Concentration levels of certain nutrients 
were compared over three harvests, to allow the organic 
fertilizer (feedlot manure) to mineralise and make nutrients 
available to the plants. Their results show that the mineral 
treatment yielded more, with higher total nitrogen and 
nitrate contents in both soil and plants.
Mineral fertilizer use also increased calcium uptake in the 
first and the third years, as compared to organic. The 
organic fertilizer, on the other hand, applied at the same 
nutrient rates as the mineral fertilizer, significantly 
increased phosphorus and sodium contents in all three years, 
while iron uptake was increased only in the second and third 
years (Peavy & Greig, 1972).
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Schuphan (1972, 1974, 1975 & 1976), in his long-term 
comparative fertilizer use experiments, identified 
significant qualitative advantages for organic treatments in 
terms of nutrient contents, which were consistent for a 
number of vegetables strategically chosen for rotation 
purposes, including potatoes, lettuce and spinach. His 
results on a DM basis are shown in Table 2.3.
TABLE 2.3. Higher relative average nutrient contents of 
vegetables grown with composted manure compared to mineral 
fertilizers. Results of a 12-year experiment (Schuphan, 1974).

Nutritional Parameter Higher % Contents
Dry Matter 23

True Protein 18
Methionine 13
Vitamin C 28

Total Sugars 19
Iron 77

Potassium 18
Calcium 10

Phosphorus 13

A long-term comparison between conventional and biodynamic 
farming systems in Sweden indicated advantages of organic 
systems in terms of soil fertility, quality and dry yields of 
several crops, including wheat and potatoes (Pettersson, 
1978; Pettersson & Wistinghausen, 1979). Specific results of 
these works will be commented in the sequence.
A number of papers suggest that organically grown produce has 
higher dry matter content. This is understandably associated 
with a lower fresh weight yield and it was confirmed in 
studies on tomatoes (Meier-Ploeguer et al., 1989) and 
potatoes (Wistinghausen, 1973). Knorr (1983) cites other 
reseachers' results that show 23% higher dry matter contents 
for organically over conventionally grown foods.
From a technological point of view, higher dry matter content 
reduces processing and transport costs while it generally 
increases produce durability under storage and handling. But 
producers earn less on a fresh weight sale basis, whenever 
quality is taken into account. Thus, usual "external or 
apparent" food quality criteria such as size, yield and

34



appearance can be misleading if comparisons are made only on 
a fresh weight basis.
Size for example, is a dominant quality criterion in many 
areas of food processing such as egg, fruit and vegetable 
production. Concerns against the grading of food by size are 
linked to experimental findings, e.g.; a 96% decrease on 
vitamin contents of red cabbage samples has been reported 
from the smallest (0.1 to 0.250 kg) towards the biggest 
(>2.50 kg) grading sizes (Knorr, 1979).
Solomon's experiments with vegetables (1972) showed a 
decrease in the vitamin C content of green snap beans by 
mineral fertilizer, as compared to an actual increase in 
vitamin C content at the second harvest when compost was used 
(Table 2.4). No significant differences in terms of vitamin C 
were observed in the case of carrots.
Table 2.4. Effect of fertilizer source on the vitamin C content 
of green snap beans (Solomon, 1972) ._________________

Fertilizer Vitamin C contents (mg/100g)
Treatment First harvest Second harvest

Compost 26.1 28.6
Matching mineral level 28.7 24.5

Better taste and flavour, besides the expected safety from 
absence of agrochemical contamination, are the usual 
justifications for consumer preferences for organic 
vegetables. A sensory assessment panel of seven to eight 
trained persons examined tomatoes in the work done by Meier- 
Ploeger et al. (1989). The compost treated samples scored 
significantly higher (p = 0.01) in both taste and flavour 
than tomatoes treated with NPK. The organic tomatoes had an 
optimum proportion of sugar to acid and their typical full 
flavour.
Schultz and Lorenz (1976) evaluated overall sensory 
preferences for lettuce, carrots, broccoli and cooked green 
beans of popular market varieties, that had been grown at the 
same site under depleted, organically and minerally 
fertilized conditions. Their evaluating panel consisted of 25 
female and 25 male California college-age students. While
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organically grown broccoli, lettuce and green beans were 
preferred, in the case of carrots, the control and mineral 
fertilizer treatment samples scored better in the panel 
results. This illustrates how results can vary according to 
the nature, organ or vegetative part used for evaluation 
(Knorr, ed. 1983).
In this sense, Knorr (1984) has discussed the feasibility of 
analytical procedures and unit operations for the distinction 
between organic, natural or conventional foods. Comparisons 
are often difficult to make whenever the food samples come 
from sources like markets or different farms, which do not 
allow controls to eliminate or minimize random variations 
(e.g.; environmental, handling).
As an example of potential "difference masking" by such 
methodological limitations, organic wheat samples were 
obtained from one of the main organic grain merchants in the 
U.K., W. Gleadell. They were compared with conventionally 
produced samples of the same variety, from the same year and 
region. The distribution of the Hagberg Falling Number (see 
section 2.4.2.2) was similar in the organic samples and 
conventional ones. The organically grown wheat samples tended 
to have lower crude protein content. The authors concluded 
that availability of nitrogen was lower for the crops under 
organic farming systems (Starling & Richards, 1990). Another 
example is offered by Leclerc et al. (1991), who found some 
contradictory data on vitamin and mineral contents of carrot 
and celeriac grown under mineral or organic fertilizer 
treatment in samples collected from different farms.
Smith (1993) however, found significant differences in 
element levels favouring organic foods compared with 
conventional supermarket foods. Even using straightforward 
retail samples purchased over a period of two years at 
several stores in the western suburbs of Chicago, organic 
foods presented better nutritional contents for a number of 
products, including wheat.
Abele (1987a&b) and Schultz et al. (1992) found out in their 
experiments that biodynamic carrots suffered significantly 
reduced storage losses compared to the agrochemical ones. 
Dlouhy (1990) and Kopp (1992) arrived at similar results in
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their research on organically versus conventionally grown 
vegetables.
Vogtmann (1981) reviewed Lienhard's results (1978) which show 
higher dry matter contents and better storage quality for 
ecological apples compared with conventional fruit. 
Experiments were done on the estate of the "Ebenrain" 
Cantonal Agricultural School in Sissach (Switzerland) and 39 
conventional production centres were used for sample 
comparison.
At the Ludwig Boltzman Institute for Biological Agriculture 
in Austria, a feeding experiment with hens was conducted to 
determine whether animal foodstuffs of the same variety and 
from the same site would show differences regarding 
biological and conventional cultivation. Breeding rates, 
rearing performance, health and egg quality were evaluated. 
Preference tests were also carried out. The animals fed with 
organic food (Group 1) showed significantly higher weight 
after 32 weeks and higher weight gain rates after illness 
compared with Group 2 (conventional food). In group 1 the 
average weight of eggs and yolks was significantly higher, 
whereas the eggs in Group 2 had a greater proportion of egg- 
white. Preference tests with common beets proved that all 
hens (Group 1 and 2) preferred the biologically produced 
food, the results being statistically significant 
(Plochberger, 1989).
Four preference tests with common beets (biological versus 
conventional) using rats from 3rd, 4th and 5th generations 
demonstrated that biologically grown beets were significantly 
preferred in all groups of animals. Rats were chosen as test 
animals for their rather versatile feeding behaviour 
(Plochberger & Velimirov, 1992).
Another report by Velimirov et aJ. (1992) refers to the 
comparison of organic and conventional "beet and carrot" 
rations on the fertility of two groups of laboratory rats up 
to the third generation. Nutrient deficiencies were 
compensated for, in order that diets were nutritionally 
complete and equivalent, according to analytical standards. 
The following parameters were examined: pregnancy rate, birth 
weight, offspring weekly weight gains, rearing performance,
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female rats' weight variations both after birth and during 
lactation.
The pregnancy rate did not reveal any influence of the 
different diets. There was a (non-significant) tendency 
towards higher average litter weights in the organically fed 
group. The first litters of the organically fed group had 
significantly fewer stillborn offspring than the 
conventionally fed ones. The rearing performance was more 
successful in the organically fed group, with significantly 
fewer perinatal deaths of the offspring. The weight of the 
organically fed females during and after lactation was 
significantly higher (Table 2.5).
Table 2.5. Average weights (in g) of female rats after birth and 
during lactation. Group identity : A = organically fed females; 
B = conventionally fed females (Velimirov & Plochberger, 1992).
Group Birth 1st week 2nd week 3rd week 4th week
A 266 264 265 258 259
B 262 256 252 249 244

P 0.203 0.033* 0.001* 0.051* 0.001*

In the light of these results, feeding experiments seem 
adequate to evaluate nutritional quality, especially when 
they include reproductive performance. Rigorous methodology 
and experimental design is as essential for success in this 
field as in any research work (Plochberger, 1989; Plochberger 
& Velimirov, 1992) . The lack of it seems to be responsible 
for the non-significant differences obtained in other works 
(Scott et a!., 1960).
Animal health is another parameter that shows positive 
influences of organically cultivated foodstuffs 
(Brandenburger et al., 1992) as previously suggested by Sir 
Albert Howard (1940a&b).
Industrial livestock production methods that "recycle" 
slaughterhouse wastes are probably responsible for some of 
the major recent disease outbreaks in this field. Bovine 
Spongiform Encephalopathy (BSE or "Mad Cow Disease") is by 
far the most serious of these problems, with far reaching 
consequences in both environmental health and the rural
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economy. It is likely to be an autoimmune disease due to 
conventional micro-organisms: bacteria and/or spiroplasma 
(Bastian, 1996) present in dung contaminated offals showing 
molecular mimicry with brain antigens. This is one of the 
most likely alternative explanatory hypotheses for BSE, in 
relation to the highly arguable "infectious Prion hypothesis" 
(Ebringer et al., 1997).
The second, possibly complementary hypothesis, is Mark 
Purdey's (1996) "Organophosphate Theory of BSE", which 
highlights the fact that BSE did not happen in Organic Farms' 
self-bred cattle and proposes that the primary cause of BSE 
is the exposure of the bovine embryo to various specific 
high-dose lipophilic formulations of organophosphates, such 
as the high-dose phthalimide containing organophosphate 
phosmet.
These insecticides which were applied compulsorily and 
exclusively in the UK during the 1980s and early 1990s, would 
be affecting the cattle's health in two ways:
a) By acting as the primary trigger that initiated the

deformation of prion protein and the onset of the BSE 
epidemic. The multi-site binding metabolites of these 
organophosphates penetrate the foetus, covalently
phosphorylating various active sites on foetal prion 
proteins. The extra charged phosphate groups left on aged 
prion proteins blocks both proteases and chaperones from 
accessing their catalytic/bonding sites, creating the 
undegradable, misfolded isoform of prion protein, 
denominated PrPsc, from normal PrPc prions.

b) By lowering the animals' natural immune and detoxification
defences. Organophosphates "use up" the enzyme
acetylcholinesterase, causing acetyl choline to build up 
to detrimental levels for the nervous system (Rawn, 1983). 
The lymphatic bovine cattle have a naturally low 
acetylcholinesterase activity rate, which makes them more 
susceptible to acetylcholine accumulation.

Both the timing, distribution and dynamics of usage of these 
specific organophosphates correlates with the epidemiology of 
BSE as well as accounting for the 23, 000 cattle that have

39



developed the disease, yet were born after the 1988 ban on 
scrapie-contaminated cattlefeed (Purdey, 1996).
Returning to the positive qualities of organic produce, 
organic wines constitute today a successful and growing 
market (Vogtmann, 1996).
Organic and biodynamic wines are being produced by 
distinguished growers, who are not even interested in organic 
certification, for the straightforward better quality 
achieved, deserving highlighted mentions in today's most 
authoritative wine literature (Robinson, 1994 & 1995a&b).
The French Biodynamic Winemakers group, include today 15 
traditionally famous "vignerons" spread over more than 1,500 
hectares of the most important "Appellation Controll§e" 
producing regions. They have converted their vineyards on the 
basis of the higher and more stable quality achieved after 
repeated observational in-farm experimentation (Pinguet et 
al., 1996; Joly, 1999).

2.4.2. Wheat Quality
Wheat (Triticum spp.) is the most important of today's four 
top staple food world crops (with maize, rice and potatoes). 
Its cultivation reaches far back into history and its origin 
is linked to old Mesopotamia, from where it would have spread 
to Egypt, Greece and the rest of the Old World (Heiser 1990).
Common or Bread Wheat, Triticum aestivum is an allopolyploid, 
more specifically an hexaploid (2n=42). Three genomes, each 
corresponding to a normal diploid set of chromosomes, are 
distinguishable and known to have separate origins. Modern 
cultivated varieties are grown under diverse conditions of 
soil and climate, showing wide variations in characteristics 
(Kent & Evers, 1994).
There are three different types of wheat crop, according to 
the season and climate or latitude where they are cultivated 
(Spicer, 1975; Wickramasinghe, 1991; Kent & Evers, 1994): 
a) Spring Wheat - sown in early Spring and harvested in late 

Summer in Temperate Regions or high latitudes;
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b) Temperate Winter Wheat - sown in the Autumn, left slowly 
growing or dormant over Winter, to take-off vegetating 
before weeds, to be harvested in Midsummer;

c) Tropical Winter Wheat - sown in the Autumn to grow during 
the mild Winter and to be harvested in Spring.

The climatic conditions in temperate regions where Spring 
Wheat is grown - highest rainfall during Spring and early 
Summer; maximum temperatures in mid and late Summer - favour 
fast-maturing, high protein grains with vitreous endosperm 
texture, suitable for bread making (Kent & Evers, 1994).
Winter Wheat, which is grown under relatively even 
temperatures and rainfall, matures more slowly, producing 
higher yields with lower protein contents. It is better 
suited for biscuit and cake-making, although in the UK, where 
winter wheat comprises about 96% of the total grown, it is 
currently used for bread making (Kent & Evers, 1994).
The weather conditions under which Tropical Winter Wheat is 
grown, especially in Southern Brazil, are more similar to the 
ones of Spring Wheat in temperate regions, for parallels and 
comparisons in terms of crop cycle, yield and quality 
(Spicer, 1975; Wickramasinghe, 1991; Fries et al., 1992; 
Zago, 1994; Silva & Reinert, 1995).
The most important wheat quality parameters are Thousand 
Grain Weight (TGW), Hagberg Falling Number (HFN) and Protein 
contents (Pomeranz, 1971; Simunek, 1994).

2.4.2.1. TGW and Grain Quality
TGW measures the weight in grams of a 1,000 grain sample. A 
high TGW is a function of kernel size and density, indicating 
good, healthy and well filled grains.
Wheat varieties and growing conditions influence TGW 
considerably. Svensson (1981) reports highly significant 
variations between both locations and climatic conditions for 
experimentally collected spring wheat material. Dense crops 
tend to produce lower TGW grain than the sparser ones. Poor 
conditions at the critical grain fill period (e.g.; drought, 
lodging or disease) will reduce TGW - grains will appear 
small and shrivelled. High rainfall at harvest may cause pre
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harvest sprouting again reducing TGW (Grain Quality Guide, 
1986) .
Estimating flour yielding capacity of wheat, Baker and 
Golumbic (1970, cited by Pomeranz, 1971) concluded that 
kernel weight was superior to test weight (hectolitre weight) 
to predict milling yield for hard red spring wheat. Large, 
dense wheat kernels normally have a higher ratio of endosperm 
to non-endosperm components than do smaller and lighter 
grains (Pomeranz, 1971).

2.4.2.2. HFN, Baking Quality and Alpha-Amylase Activity
The Perten-Hagberg Falling Number (HFN) is an internationally 
standardized method for determination of alpha-amylase 
enzymatic activity in grain and flour (especially wheat and 
rye), using starch as a substrate. The method itself will be 
described in Chapter 3 (Perten, 1964; Perten, 1967; Hagberg 
Falling Number Manual, circa 1988).
Starch is composed of two main homopolysaccharides, called 
glucans, in the following proportions: 20-25% Amylose and 75- 
80% Amylopectine.
a-Amylase is a hydrolytic endoglycosidase involved in the 
breakdown of starch granules into soluble sugars during 
germination and the baking process. It attacks linkages 
within the molecular structure of starch, especially amylose, 
producing maltose, which serves as a medium for yeasts that 
convert sugars to carbon dioxide - the gas that causes dough 
to rise. This activity is complemented by p-amylase, an 
exoglycosidase that sequentially cleaves maltose from the 
ends of the glucans' molecular chains, also producing limit 
dextrins. Other debranching enzymes like phosphorylase also 
help cleaving the glycosidic bonds for a final conversion of 
starch to glucose (Pomeranz, 1971; Rawn, 1983). a-Amylase 
activity is the limiting factor in maltose formation (Spicer, 
1975) .
The levels of a-amylase vary depending on crop growth stage. 
Levels at grain fill are high but they reduce when grain 
maturity is reached. As the germination process begins, the 
level of the enzyme increases once again, even before the
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grain shows any visible signs of sprouting. All grain, on 
reaching full maturity, goes through a dormancy phase that 
may last from 1-2 days to up to 2 weeks depending on variety. 
During this dormancy period, a-Amylase levels are at a 
minimum. When dormancy is over, any increase in the grain's 
moisture content will promote a-Amylase activity, hence the 
risks of germination or sprouting in the ear, when harvest is 
delayed (Pomeranz, 1971).

2.4.2.3. Grain Protein Contents
The two most important factors influencing Protein Contents 
of wheat are available soil nitrogen and moisture.
Wheat Crude Protein contents are more specifically dependent 
on the level of available soil nitrogen. Campbell et al. 
(1977), have observed that moisture stress and high rates of 
N-fertilizer application enhance crude protein and total 
nitrogen contents, increasing leaf area and plant dry matter. 
Percent available soil-N decreased faster under unfertilized 
conditions, making it the main limiting factor for plant 
growth. This nitrogen provided by soluble N-fertilizers is 
more readily transformed into proteins, but can also be 
incorporated in free amino acids and other non-protein N- 
compounds.
Thus, according to some researchers, crude protein does not 
mean true protein and a good EAA index; these require 
specific analytical methods (Schuphan 1972, 1974, 1975 &
1976; Pettersson, 1978). These researchers seem to refer to 
the "True-Protein" determination method that uses the 
"Stutzer's reagent". This is an old method and is described 
as a "True-Protein" determination method in an old book on 
Animal Nutrition, published by C. Tyler in 1950: "...the
value for true protein is often determined. This is done by 
boiling the feedingstuff with a suspension of copper 
hydroxide in glycerol (Stutzer's reagent) and following this 
by filtration. All the true protein remains on the filter 
paper and can be determined in the usual manner (Kjeldahl 
method), while the non-protein nitrogenous compounds pass 
through into the filtrate." (Drs. Ray Davis and L. Garraway, 
Wye College, personal communication 1994; Tyler, 1950).
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This contrast between true and crude protein is seemingly 
confirmed by the study of Lockeretz et al. (1980), with maize 
grown with and without standard commercial fertilizers and 
pesticides, which found a significantly higher crude protein 
in the grain from fields receiving agrochemicals.
Kulp et al. (1980) report a mean of 11.8% crude protein for 
hard and soft wheats on a 14% moisture content basis, using 
the Kjeldahl method, as a general standard for the cereal.
According to Terman (1979), environmental factors like 
fertilizer use and water supply have a greater effect on the 
gross composition of cereal grains than genetic or varietal 
differences, under the same farming conditions.
Gericke (1934, cited by Pomeranz, 1971) reports that flour 
quality of hydroponically grown wheat was lower in cultures 
where nitrogen was supplied in the form of ammonia than in 
cultures supplied with nitrate-N sources.

2.4.2.4. Wheat Mineral Contents
The mineral content of wheat is also dependent on the genetic 
variety and environmental conditions under which the crop is 
grown. Kernels are storage bodies for high levels of minerals 
translocated within the plant during the growth cycle. 
Approximately 65% of the grain's minerals are found in the 
pericarp and aleurone layer (Spicer, 1975).
Svensson (1981) reported that the average kernel ash content 
increased from 1.46% at the P&JC zero-fertilizer level, to 
1.68% at the [P=30, K=80] kg.ha-1 level. This increase 
happened mostly in bran and aleurone ash content, while the 
P&K fertilizers did not significantly influence the endosperm 
contents. With increasing nitrogen fertilizer the kernel ash 
contents tended to decrease, especially in a crop rotation 
which had no ley or manure.
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2.4.2.5. Organic Wheat
An early study by McCarrison (1926) used wholemeal flour from 
experimental plots as a diet (with vitamin and mineral 
supplements) in feeding experiments with various laboratory 
animals. Field trials using wheat and finger millet (Eleusine 
coracana) compared control, chemical and cattle manure. 
Results suggested that wheat grown with organic manures 
offered better nutritive value than with chemical 
fertilizers. Although analytical results of mineral contents 
showed non-significant differences for the wheat, for the 
millet the "no manure control" was higher than both other 
treatments in total insoluble mineral matter. The other 
specific comparative results were (McCarrison 1926):
• "Cattle manure millet" was richer in soluble silica, iron, 

aluminium, calcium, sulphur and chlorine than the 
"chemical manure millet"; while it had lower contents than 
the control for all minerals but "lime" (Calcium) .

• "Chemical manure" millet was higher than the "cattle 
manure" grain in magnesium, phosphoric acid, potassium, 
sodium and undetermined constituents of the ash.

Miller and Dema (1958) carried forward a study on the 
nutritive value of wheat from the Rothamsted Broadbalk Field 
experiment where treatments have been continued for more than 
100 years. Wheat samples from the fields treated only with 
organic manure showed higher crude protein (surprisingly) and 
phosphorus contents than the chemically fertilized fields. 
Successive generations of rats were fed on a diet of 
wholemeal flour. Rats fed on the agrochemically produced 
wheat flour failed to breed satisfactorily; those fed on the 
organic flour did breed better although no detailed 
statistical data were provided (Miller & Dema, 1958).
Greaves et al. (1959) and Scott et al. (1960) reported on the 
experiments in which wheat diets from three different soil 
management systems were fed to laboratory mice. The soil 
treatments attempted to replicate the regional farming 
practices. The wheat was grown on the Soil Association's 
experimental farm and was known as "The Haughley Experiment" 
(1963). The treatments were: "chemical" NPK fertilizer,
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"mixed" farmyard manure plus NPK and "organic" farmyard 
manure compost.
The wheat rations were fed whole and without supplements to 
groups of weaned mice to detect any growth rate differences. 
They found significant differences in reproductive 
performance between diets, but not in terms of comparative 
growth rates.
McSheehy (1977) also evaluated growth rate and reproductive 
performance of mice in experimental diets using wheat flour 
produced under three different methods trying to mimic 
regional and traditional farming practices:
• Organic, consisting of crop residues and animal manure;
• Mixed - crop residues and animal manure supplemented by 

applications of chemical fertilizers;
• Chemical - chemical fertilizers and crop residues.
Pesticide sprays were excluded on the organic plots, used 
sparingly on the mixed ones and regularly applied on the 
Chemical plots, again according to usual farming practices.
Offspring from parents that received the mixed treatment 
wheat were consistently heavier than those from animals fed 
organically or chemically grown grain. Although the wheat 
nutrient contents were not analysed, results suggested that 
mixed farming methods produced more nutritious wheat.
These results, similarly to the non-significant differences 
found by Greaves and Scott et al. (1959 & 1960), could be due 
to nutrient-poor animal manures, especially with lower 
nitrogen contents, that were neither analytically assessed 
nor quality-controlled by waste management or composting.
A research project of the Swedish University of Agriculture 
compared conventional and biodynamic systems. Conventionally 
grown spring wheat had higher crude protein content, gluten 
content and Zeleny sedimentation value (for gluten quality); 
slightly better rheological properties (elastic resistance) 
and slightly larger bread volume. HFN from both treatment 
samples was in the acceptable range (200 - 300), slightly 
lower in the case of biodynamic wheat (by a factor of -2) . 
There were no significant TGW differences. Biodynamically 
grown wheat had higher EAA index and higher viscosity scores
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(Dlouhy, 1990). Results could have been biased because the 
trials were set up on long-term organically and 
biodynamically treated plots.
Shier et al. (1984) analysed wheat samples from neighbouring 
organic and conventional paired farms with similar acreages 
and harvest times. They did not find any significant 
differences between organically and conventionally grown 
wheat in terms of crude protein, moisture and ash contents 
determined at 700°C. However, there was a significant 
difference (p < 0.05) in ash favouring organic samples when 
samples were burned at 550°C. Conventional farms produced 
significantly higher yields (p < 0.05).
Although research based on sampling from either farms or 
markets present the basic limitation posed by uncontrolled 
environmental and human variables, some workers have achieved 
significant results. Smith (1993) came to interesting results 
regarding mineral contents of wheat, comparing organic versus 
conventional supermarket foods. Organic and conventional 
whole-wheat flour and grain were obtained from catalogues and 
markets in the Chicago area. Open-vessel, hot plate acid 
digestion was used for the analysis of 38 elements. Results 
were expressed as percentages of the conventional samples. 
The following nutrient element contents were higher in 
organic wheat: Calcium 120%, copper 160%, magnesium 430%, 
manganese 540%, phosphorus 240%, potassium 360%, selenium 
1300%, strontium 280%.
It is interesting to note that concentrations of all heavy 
metals, except the above-mentioned copper, were higher in 
conventional wheat: Cadmium +10%, lead +65% and mercury +40%. 
Aluminium contents were also 20% higher in conventional wheat 
(Smith, 1993).
Several biodynamic research works used wheat as the test 
plant for their experiments (Simunek, 1994). Since the very 
beginnings of the BD research history (Kolisko & Kolisko, 
1978), T. aestivum was considered a suitable species for 
trials testing the effects of either highly diluted 
substances (Pongratz & Endler, 1994) or ponderable doses of 
organic fertilizers and spray treatments (Spiess, 1978; 
Kotschi, 1980; Goldstein & Koepf, 1982; Peterson & Jensen,
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1986; Deffune, 1990; Raupp, 1985 & 1995b). These research 
works will be discussed in section 2.5.3, on BD research and 
practical results.

2.4.3. Potato Quality
Potato is the only non-cereal amongst the four most important 
world crops. A typical Andean New World tuber crop, potatoes 
offer great variety and adaptability to diverse soil and 
climatic conditions (Heiser, 1990).
The most basic potato quality parameters of commercial 
relevance refer to its "energetic food" status; tuber dry 
matter, starch contents and storage conservation properties 
have precedence over protein, vitamin, mineral and fibre 
contents, which are anyway regarded as important 
complementary nutritional features. Higher tuber dry matter 
content basically implies higher total solids and starch 
contents - important quality factors for both cooking and 
industrial purposes, making potatoes more suitable for either 
frying, boiling or freezing (Storey & Davies, 1992) .
Although lower moisture content means lower fresh weight 
yields that may not be interesting for the farmers' bulk 
sales, the inclusion of quality evaluation, especially of 
DM%, as a parameter for potato pricing, makes it important 
for the net profitability of the cropping systems. It is no 
use to have to deal with bigger volumes and weights, if the 
quality-value of the crop does not compensate for the 
proportionally higher management costs (Harris, ed. 1992).
Furthermore, higher moisture contents are detrimental to both 
physical and physiological processes affecting potato storage 
conservation. The possibility of keeping their crops stored 
for some months, with minimum weight and quality losses until 
market prices are favourable, is very important for potato 
growers in most parts of the world (Burton et al., 1992).
Potato genetic varieties or cultivars significantly differ in 
terms of DM and nutrient contents while soil moisture and 
nutrient element availability are the main environmental 
factors influencing these parameters.
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The mineral nutrition of the potato crop is the most 
important tuber DM conditioning factor that can be 
manipulated by current farming practices. It is known that 
soluble fertilizers, especially N-containing formulas can 
promote growth and yields beyond ideal DM% levels, increasing 
fresh weights and biomass through enhanced soil water uptake 
(Harris, 1992). Thus, intensified mineral fertilizer use can 
have a detrimental effect on quality and shelf life of 
potatoes (Schulz & Kopke, 1995a).

2.4.3.1. Potato Pests and Diseases
The potato crop, as a member of the Solanaceae family is 
subject to a great number of pests and diseases, including 
insects, nematodes, fungi, bacteria and viruses, of great 
economic importance. They are progressively being considered 
a consequence of poor agroecological management, rather than 
"plagues-in-themselves" to be antagonistically combated.
This is true even for the most difficult sanitary problems to 
be agrochemically controlled, like the potato nematodes, 
diseases like "late blight" (Phytophthora infestans) and 
viruses that can significantly extend their damage to stored 
tubers (Evans & Trudgill, 1992; Hawkins, 1990; Hide & 
Lapwood, 1992).
New and more effective strategies in this field, involve 
induced mechanisms of systemic resistance (ISR and SAR) 
combined with both traditional and new methods of applied 
agroecology (Dean & Kuc, 1987; Sticher et al., 1997; Deffune 
1981b, 1991 & 1999a). Agroecological diversification and 
adequate soil organic matter management with properly planned 
crop rotations for mulches and green-manuring have proved 
effective not only in controlling pests and diseases 
(Hoekstra, 1989), but also as economic and simplified 
vegetative weed control methods (Monegat, 1981; Almeida, 
1988; Putnam, 1988; Lutman, 1992; Rice, 1995; Proyecto 
Checua, 1997) .
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2.4.3.2. Organic Potato Research
These strategies fit well into organic farming methods and 
the organic research has dedicated a number of studies to the 
potato crop, with some promising results.
Both Wistinghausen (1973) and Pettersson (1978) compared the 
yields of organically and conventionally (NPK) fertilized 
potatoes after harvest and after winter storage. The fresh 
yields immediately after harvesting were higher for the 
conventionally grown potatoes but their storage losses were 
higher than for those grown organically. This was attributed 
to the lower DM% of the NPK fertilized tubers, a higher water 
content that leads to higher evapotranspiration rates. Both 
the dry weight yields and the starch contents of the organic 
tubers were higher.
Pettersson (1978) also reported that organic potatoes ranked 
higher for taste in preference tests, especially after 
storage. The organic potatoes had lower crude protein, but 
higher true protein contents and EAA index than the 
conventional samples.
Schuphan (1972) reported that heavy nitrogen application 
adversely affected potato flavour and texture after cooking. 
This could be related to the lower dry matter, total solids 
and starch contents of the N-fertilizer treated plots.
A number of related research works based on a survey of 
organic potato production in the UK, show comparatively good 
results in terms of yield and quality characteristics of 
organic potato production. Despite the lower yields and 
smaller grading sizes of organic potato samples from UK farms 
in relation to conventional produce, the market demand and 
prices largely compensates organic production (Ginger & 
Aspinall, 1987; Ginger, 1988; Ginger & Webber, 1990; Mackay & 
Morrice, 1990).
Schulz and Kopke (1995a) identified advantageous effects of 
organic manuring and biodynamic preparations on dry yield, 
quality and shelf life of potatoes, compared to intensive 
chemical fertilizer use in their research work.
In several papers, BD research has reported significant 
positive effects of organic and biodynamic systems on the
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potato crop, as compared to conventional methods. Results 
showed higher DM content and less storage losses due to both 
physiological and microbial causes (Kotschi, 1980; Schulz & 
Kopke, 1995a&b). These research works will also be discussed 
in section 2.5.3, on BD research and practical results.

2.4.4. High Sensitivity Quality Tests
In spite of the significant results in the organic quality 
research reported in the previous sections, some researchers 
have felt that the conventional analytical methods were not 
sensitive enough to distinguish organic produce and detect 
the subtle differences involved in nutritional qualities and 
food vitality (Pfeiffer, 1938; Knorr, 1982 & 1984).
One of the methods that has been used to investigate aspects 
of biological food value, as already commented in section 
2.4.1., was the proper set-up of feeding experiments using 
experimentally produced foodstuffs (Plochberger, 1989; 
Plochberger & Velimirov, 1992; Velimirov et al., 1992). The 
important aspect of Plochberger's and Velimirov's works is 
the fact that although tested foodstuffs seemed identical in 
their chemical analyses, significant differences in terms of 
survival rate; average female, litter or egg weights and 
other parameters occurred in the feeding experiments.
In the attempt to find direct methods capable of matching the 
sensitivity of feeding experiments and to identify the 
possible factors responsible for the differences, some 
research groups have developed techniques that take a more 
holistic approach to the determination of food quality.
In the development of a new testing protocol, any new 
analytical method must meet the internationally accepted AOAC 
INTERNATIONAL (formerly the Association of Official 
Analytical Chemists, established in 1884) minimum 
requirements. This normally means passing the test of a 
collaborative study involving at least eight laboratories 
submitting valid data for a quantitative method, and at least 
15 laboratories for a qualitative study. At least five test 
materials must be involved and must be representative of 
commodities usually analysed (AOAC INTERNATIONAL, 1999).
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For in-laboratory variability, any one of the following 
procedures will ensure independent replication (Food Quality 
A-Z Reference, 1999; Meighan et al., 1994):
1) Youden pairs - a pair of materials slightly different in 

composition (diluting or fortifying);
2) Split levels for some materials and blind duplicates for 

others in the same study;
3) Blind duplicate lab samples, randomly coded;
4) Independent materials, such as use of known replicates.
5) Blanks: When the absence of a component is as important 

as its presence, when corrections must be made for amount 
of component or background in the matrix, or when 
recovery data are required, provision must be made for 
the inclusion of blank materials containing none of the 
target analyte.

6) Analysis and report: Percent recovery, repeatability, 
reproducibility, standard deviations, and repeatability 
and reproducibility relative standard deviations must be 
reported. The final report should contain purpose of the 
study and principles of the method, brief summary of 
related work, description of the collaborative study 
design and participants, the complete method, and results 
and conclusions.

2.4.4.1. Bioassays
Bioassays using a variety of organisms are applied to 
evaluate environmental conditions like water quality (Printes 
et al., 1998 & 2000), in order to detect minute but still 
active traces of pollutants (Stebbing, 1982; Oberbaum & 
Cambar, 1994). These sensitive bioassays are also proposed as 
useful tools for food quality assessment (Vogtmann, 1990; 
Gottschewski, 1975).
According to Gottschewski (1975), the difficulty in testing 
food and soil for pesticide and herbicide residues consists 
of the "multitude of residues, their synergism and the 
biological interactions due to the adaptation (regeneration 
or resistance) of the organism(s) in question". He used 
embryos to investigate the influence of soil and food 
residues and additives in samples whereby conventional market
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food was compared with equivalent produce from organic farms. 
Embryos demonstrated higher sensitivity than foetal and adult 
systems, offering the remarkable similarities between the 
developments of different mammalian species as a tool for 
analogies and comparisons (Gottschewski, 1975).

2 . 4 . 4 .2 . Biophotonics or Low-Level-Luminescence
"Biophotonics" or Low-Level-Luminescence is a quality 
assessment method based on the light spectrum (between 200 
and 800 nm) emitted by biological systems, detected by 
equipment sensitive enough to measure light emissions down to 
10"17 W. Photons stored in the DNA are continuously 
transmitted by every living cell (Popp et al., 1984 & 1999; 
Vogtmann, 1990).
Besides this natural or "spontaneous" biophoton emission, a 
second remarkable effect has to be mentioned in order to 
understand "biophotonics" completely, it is the so-called 
"delayed luminescence". Immediately after exposure of a 
biological system to a light source, this system displays in 
darkness a definite and very characteristic long-lasting 
reemission of stored light. The pre-illuminated sample 
relaxes then, during some minutes, from a relatively high 
intensity to the low one of the stationary biophoton 
emission. The relaxation does not follow an exponential 
function but a quasi-hyperbolic one (Popp & Li, 1993) .
The intensity of "delayed luminescence" and the agreement to 
a perfect hyperbolic relaxation behaviour are important 
parameters of the system under investigation, since they 
characterize "order" parameters of the interaction with 
light. Biophotonics refers to the measurement of the spectral 
parameters of biophoton emission and delayed luminescence and 
the assignment of the registered values to the "quality" of 
the system under study (Popp et al., 1999).
Popp (1988) has achieved a very high degree of 
differentiation between blind samples from conventional and 
organic systems in the range of 90-98% accuracy. In all 
cases, organic samples showed higher low-level luminescence 
activity which, according to Popp, mean higher produce 
quality, as dying and decomposing tissues display
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increasingly lower photon emmissions. Measurements are made 
in quanta. cnf2. s_1 (or moles of photons per square centimetre 
second) transmitted by the sample, which are recorded and 
statistically analysed. Biophotonics was developed for 
practical applications like food quality analysis, research 
on germination of seeds environmental indicators, 
contamination of water and other fluids. The latter is linked 
to the development of electrochemiluminescence, i.e., the 
creation of single photons by conductive fluids after 
application of an electric potential. This method is 
sensitive enough to register a few bacteria per ml water 
(Popp, 1988; Popp & Li, 1993; Popp et al., 1999).
Food quality in terms of biophotonics is based on 
Schrodinger's definition of food quality: "food shall work 
for building up and establishing the high order (negentropy) 
of the consumer". Biophotons, including the relaxation 
behaviour of delayed luminescence reflect to some extent the 
organisational degree of the subject under investigation. 
Consequently, they are indicators of food quality in 
Schrodinger's sense. Research of the International Institute 
of Biophysics (IIB, in Neuss and Kaiserslautern, Germany) 
shows that small changes in food quality lead to significant 
changes in biophotonic parameters (Popp et al., 1999).
Though it may seem pretentious, Cancer Research, 
Biocommunication, Biological Rhythms, Bioelectromagnetism and 
Evolutionary Biology are amongst the fields of biophotonics 
application (Popp et al., 1999).
Low-Level-Luminescence must not be confused with ATP 
bioluminescence, the detection method of micro-organisms 
using firefly luciferase-luciferin reagents (Schram, 1991; 
Meighan et al., 1994; Sala-Newby et al., 1996)
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2•4.4.3. Light Absorption Method
This method uses plant extracts diluted with distilled water, 
to measure their light absorption on a spectrophotometer. 
Abele (1973 & 1987a) used this method to test raw potato 
extracts. Results from tested extracts of biodynamic, organic 
and agrochemically fertilized potato samples offered crescent 
light absorption readings. Agrochemically fertilized potato 
samples turned darker due to rapid biochemical breakdown 
displaying higher light absorption, whereas organic and 
biodynamic potato extracts respectively, displayed 
significantly lower light absorption readings, demonstrating 
better stability.

2.4.4.4. Biodynamic Picture-Forming Quality Tests
The Paper Chromatography, Sensitive Crystallization and 
Glycerine Ripple-Forming methods are the three best known 
picture-forming quality tests developed in the Biodynamic 
circles. Their origin is closely related to the early work 
developed by the Kolisko couple (1978, 1939).
The first two are generally applied by biodynamic researchers 
and farmers to assess quality in agricultural materials and 
produce, deserving short separate item descriptions (Koepf et 
al., 1976).
The third, Glycerine Ripple or Flow-Forming method is used 
for detecting analytically inconspicuous traces of pollutants 
(e.g.; detergents) through pattern changes in the surface 
tension of water, made visible by the glycerine solution upon 
which waterdrops are applied from a set height and at a 
controlled frequency: the purer the solution, the clearer the 
ripples formed by more stable surface tension forces, which 
are photographed for measurements and comparisons (Schwenk, 
1996 & 1989).
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There are two methods based on paper chromatograms:
1. The first, commonly called Capillary Dynamolysis is an 

ascending chromatographic method, generally using standard 
quality and size paper stripes that are equally immersed 
for a set period of time in the solutions to be tested 
(Fyfe, 1967).

2. The second, called Circular Chromatographic, is a circular 
filter paper chromatographic method, where small tubes 
made of the same filter paper are fitted in holes in the 
centre of the circular filters and serve to absorb the 
tested sample by being partially immersed on it (Kolisko & 
Kolisko, 1939).

For agricultural materials, both methods use plant or soil 
samples extracted with a solution of sodium hydroxide while 
the paper is treated with an aqueous solution of silver 
nitrate. The colours and patterns that usually develop within 
several hours after drying are used to interpret the 
resulting chromatograms.
Pfeiffer (1960b) was one of the first to try to study and 
catalogue the necessary patterns for chromatographic 
interpretation. For plant tissue samples, like wheat flour, 
he suggested that "the spokes protruding from the outer ring 
area toward the centre are caused by proteins and indicate 
quantity as well as quality of protein".
Besides their application in organic tissues like plant 
materials and food, chromatograms can be used for compost and 
soil testing, for being more robust in their nature than the 
other methods like Sensitive Copper-Chloride Crystallization 
(Pfeiffer, 1959).
Knorr (1982 & 1984) obtained significant results using this 
method, as will be discussed in item 2.5.3. Chromatograms 
were also used in the Capillary-Dynamic studies by societies 
for cancer and general Medical Research (Fyfe, 1967).

2.4.4.4.1. Paper Chromatography Methods
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This method is based on the differential crystallization 
patterns of hydrated copper chloride (CuC12.2H20) in 
solutions containing diluted organic extracts, limited by 
glass rings over extremely even and levelled glass plates, 
inside controlled moisture and temperature chambers. 
According to Knorr (ed., 1983; citing the work of Morris & 
Morris, 1939), the patterns in which salts crystallize from 
solutions are influenced by the presence of impurities. The 
slow evaporation of aqueous solutions containing organic 
tissues or substances leads to the formation of specific 
dendritic configuration patterns of CuCl2.2H20. The forms 
produced can reflect or represent analytically 
indistinguishable qualities of the organic samples in 
pictures and forms, which are subjected to interpretation. 
However, this requires experience and the production of 
suitable standard-patterns for comparison (Balzer-Graf & 
Balzer, 1991).
A research project of the Department of Agroecology, at the 
Danish University in Taastrup, is aimed at establishing 
standards for the method and producing standard-patterns of 
CuCl2 Crystallograms. It includes an octangular 
crystallization chamber and a circular crystallization 
apparatus, with emphasis on control of primary physical 
factors influencing the textural features and dendritic 
crystal co-ordination. Crystallograms produced from aqueous 
solutions of PVP (polyvinylpyrrolidone), a synthetic polymer 
with protein-like properties, offer standards representing 
different groups distinguished by polymerization level (AMW 
10-700 kDal) and concentration of PVP, with different 
textural features and degrees of co-ordination, relevant in 
connection with quality investigations of agricultural 
products.
Two methods of classification of the textures are proposed: 
visual classification and computerized image analysis 
classification (Andersen et al., 1996).
Both Pettersson (1978) and Andersen et ai. (1996) believe 
that protein concentration and composition have a significant 
influence on the crystallization patterns, attributing amino

2.4.4.4.2. Sensitive Copper-Chloride Crystallization
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acids and proteins picto-morphological properties. It seems 
to them that the textural features, co-ordination and "order" 
of the crystals represent overall qualitative characteristics 
of the product samples.

2.5. The Biodynamic Method
Biodynamic farming is the oldest movement for sustainable 
agriculture. It was originated from a course given by the 
Austrian philosopher Rudolf Steiner (1861-1925) in Koberwitz, 
Silesia (presently part of Poland) in 1924, after the 
research work was started in 1922 in Dornach, Switzerland 
(Pfeiffer's preface in Steiner, 1974). Its basic approach 
consists of considering and treating the farm as a self- 
contained "agricultural individuality or organism" 
interacting with the surrounding environment, including 
cosmic influences from subtler, complementary rhythms to the 
widely accepted circadian, photoperiodism and the seasons 
(Mansfield et al., 1984; Rojas-Garciduenas, 1993).
This agricultural organism is conceived as composed by soil, 
plants, animals (including micro-organisms), man (the farmer) 
and this wider cosmic environment (Koepf, 1981; Koepf et al., 
1976). It is considered as the generating concept for the 
term "organic farming" (Scofield, 1986).
Biodynamics differs from the other organic agriculture 
methods on one hand by taking cosmic rhythms into 
consideration and on the other by the use of the so-called 
biodynamic preparations, which will be dealt with in detail 
in their specific item 2.5.2 below.
One can easily trace a parallel between biodynamics in 
agriculture and homoeopathy in relation to medicine (Cairo, 
1965; Scofield, 1984), due to the way their preparations and 
remedies are made through rhythmic dilution or dynamization 
procedures. Both consist of wide but controversial fields of 
work and research (Davenas, Benveniste et al., 1988), and are 
very promising for their basic holistic approach to phenomena 
and their low-cost, low-input, high independence 
characteristics (Knorr, 1983; Scofield, 1984; Deffune, 
1981a&b, 1986 & 1990).
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Yet, clearing out the controversy of opinions about both 
biodynamics and homoeopathy needs only sound scientific 
methodology to be applied to properly designed experiments 
(Scofield, 1984). This has proved fruitful in several well- 
designed, repeatable experiments (Boiron et al., 1962; 
Davenas et al., 1988; Koepf, 1993; Pongratz & Endler, 1994; 
Poitevin, 1996), that point out the existence of dynamic 
effects in ultra-high dilutions that remain active beyond the 
physico-chemical mass—action limits (Endler & Schulte, eds., 
1994), as it will be later discussed in item 2.6.1.1 on 
Dynamic Elicitation and Ultra-High Dilutions.
The method was named Biological-Dynamic Agriculture in the 
late 20's (after Steiner's death in 1925) in order to express 
its distinctive character of using two complementary 
approaches and/or sets of techniques (Koepf, 1981; Koepf et 
al., 1976):
1. Strictly biological methods of handling recycled organic

materials (biomass, manure and foodstuffs) produced inside 
the farming systems, with limited allowance for
supplementary external natural inputs (e.g.; rock 
phosphates, limestone). This is the material-handling, 
mass-action side or pole7 (see also concept of Polarity in
sub-chapter 2.7) of biodynamics.

2. Promoting dynamic processes to better integrate the
different components of the system and maximize the use of 
the recycled resources. This is achieved through the
application of diluted and dynamized preparations. This is 
the process-dynamic side, hypothetically related to an 
extra-material fourth dimension (i.e., with more than the 
three dimensions accessible to direct sense experience), 
that can be interpreted through the space-time continuum 
relativistic concept (Einstein, 1939a & 1940; Edwards,
1993).

2.5.1. Cosmic Rhythms
Although the object of this research in relation to 
biodynamics is to test the BD preparations, to discard the 
possibility of any eventual variation in the results caused 
by cosmic influences in the cropping activities (Koepf, 1981;
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Koepf et al., 1976; Spiess, 1990), astronomical co-ordinates 
were taken into account in the field-trial diaries of 
treatment practices. These data are shown in the respective 
crop-diary tables in the materials and methods of each 
trial's chapters.
Furthermore, as one of the hypothetical roles of the BD 
preparations is to mediate between soil, plants and these 
cosmic influences (Steiner, 1974), consideration and a brief 
review of this subject is here justified.
The influence of cosmic rhythms in plant metabolism can be 
regarded as a complementary set of components to the 
interaction between endogenous circadian rhythms (internal to 
plant organisms, genetic) and exogenous photoperiodism 
(external light stimuli to the phytochrome). This is 
currently being considered amongst the hypotheses to explain 
cellular regulation processes like flowering and senescence 
in the discipline of chronobiology (Rheinberg & Driesche, 
1986; Spiess, 1990).
Some important correlations between lunar rhythms, 
atmospheric pressure, global weather circulation, 
agricultural production and global economy have been 
identified in both meteorological and economic studies 
(Currie, 1988), further justifying the attention of agronomic 
research.
Biodynamic research has added some light and considerable 
heat to this debate, by showing some significant correlations 
between lunar rhythms, growth stages and production of 
different plant organs (roots, stems-leaves, flowers and 
fruits-seeds) in rye and radish (Spiess, 1990). This research 
was carried forward after the semi-experimental, 
observational work done over more than thirty years by 
methodical biodynamic farmers (Thun, 1998/1963; Thun et al., 
1993-1996) . Steiner (1974) suggested factors like the 
amplification of cosmic background radiation (from the actual 
starry background) by the sun and the moon, as an explanation 
and direction for research in this field. This is not an 
unreasonable hypothesis, considering that earthly life and 
organic matter essentially consist in light energy used by
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green plants in two ways (Wilkins, ed. 1984; Salisbury & 
Ross, 1978 & 1992; Rojas-Garciduenas, 1993):
1. Quantitatively through photosynthesis, as a two-stage 

reaction that first splits water molecules (light 
reaction, H20 oxidation) and combines their hydrogen with 
carbon dioxide (dark reaction, C02 reduction) to form 
carbohydrates, which are oxidized during respiration to 
provide energy (ATP) for the synthesis of other essential 
organic compounds (amino-acids, proteins, vitamins);

2. Qualitatively as a regulating factor that triggers or 
evokes physiological (e.g.; hormonal) responses, depending 
on intensity, duration, frequency and wavelength (colour).

Recognizing the strong, acute solar radiation as the major 
conditioning cosmic factor in short-term plant life, Steiner 
nevertheless indicated the subtler of cosmic radiation and 
the multifarious combination possibilities (different 
constellations or relative positions of astronomical bodies) 
as complementary influencing factors for the long-term 
development and evolution of species, biota and individuals. 
While solar radiation causes mostly quantitative responses 
(photosynthesis and plant growth), the subtler cosmic 
radiation sources would be more of a qualitative character, 
influencing parameters like morphogenesis, organogenesis, 
stress and parasite resistance, secondary metabolite 
production and nutritional quality.
Although largely disregarded, the effects of cosmic radiation 
begin to be mentioned and recognised in current plant 
physiology textbooks (Rojas-Garciduenas, 1993)
While taking into consideration the endogenous genetic and 
biochemical regulating factors, biodynamics stresses the 
importance of their interaction with a wider circle of 
environmental and cosmic influences, as expressed in 
Steiner's analogy with the compass; "it would be pointless to 
look exclusively into the inner structure of the magnetic 
needle for a full explanation of how does the compass work, 
instead of considering its interaction with a wider circle 
that causes the phenomenon - the Earth's magnetic field" 
(Steiner, 1974 & 1988).
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This concept of a universal harmonic interaction between 
Macrocosm and Microcosm can be found in the very origins of 
modern astronomy9 (Encyclopaedia Britannica, 1995) . It is also 
present in the most advanced cosmological concepts of our 
time, when we read Professor Stephen Hawking stating that "we 
are made of star-stuff", i.e., star-fused elements from the 
primordial hydrogen atoms (Hawking, 1998).
Research groups oriented by Steiner's indications have 
produced some interesting evidence of planetary influences on 
the reactivity of metal salts and composition of plant sap 
(Fyfe, 1967). This kind of phenomenon can be interpreted 
through recent developments on Fractals, whiGh attributes 
underlying dynamic mathematical patterns to the structure and 
growth of living forms. These patterns are supposed to 
magnetically interact with the genetic pool of possibilities 
in living organisms, as a sort invisible energetic 
environment (Stewart, 1995; Edwards, 1993).

2.5.2. The Biodynamic Preparations
Biodynamic preparations are either compound or pure extracts 
made of mineral, plant or animal materials and their 
combinations, in most cases treated by some months of 
fermentation buried in the soil and applied in quite small 
proportions to organic manures, to the soil or directly on 
plants, sometimes after rhythmic stirring dilution procedures 
called dynamizations. These are carried out by means of 
repeated vortices in water to dissolve the preparations, as 
detailed in Chapter 3.
The usually low concentrations in which BD preparations are 
applied depend on their nature, desired effect and mode of 
application. They will be given for each specific preparation 
in their respective sub-items, which follow.
The original preparations, recommended by R. Steiner in his 
Agriculture Course back in 1924, are divided in two main 
groups according to their mode of application, which are 
described later (Steiner, 1974 & 1988). The hypotheses for 
the explanation of both methods of preparation and 
application effects are discussed in section 2.5.2.3. They 
are known by the numbers P500 to P507 (or P508; the P prefix
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meaning Preparation) attributed to them according to the 
numbered order of samples under which they originally entered 
the Natural Sciences Laboratory in the Goetheanum, Dornach, 
Switzerland, circa 1928 (Koepf, 1981; Wistinghausen et al., 
1991 & 1995).

2.5.2.1. Biodynamic Field Sprays
These are low concentration, stir-diluted or dynamized soil 
and crop sprays used in sequence and additionally to organic 
fertilizer use and compost treatments.
The two main BD field sprays, P500 and P501, are regarded as 
polar-complementary regulating treatments, respectively 
promoting and restraining lush plant growth into a balanced 
development (Koepf, 1971 & 1981; Koepf et al., 1976 & 1996; 
Wistinghausen et al., 1991 & 1995; Sattler & Wistinghausen, 
1992).

2.5.2.1.1. P500 "Horn-Manure" Soil Spray
P500 consists of cow manure fermented inside cow-horns while 
buried 30-50 cm deep in good agricultural soil during winter, 
i.e., between the respective autumn and spring equinoxes for 
each hemisphere. When ready for use, it is dynamized (stir- 
diluted in vortices for one hour) at an average rate of 200 
g. 60 L"1 of clean, preferably rain water, per hectare (3.3 
g.L-1 or 0.33%) and applied as a coarse soil spray or 
sprinkle (6-20 ml.m'2), over either tilled, mulched or 
organically fertilized land, or over grazed or mown pastures, 
during late afternoon or early evening hours to avoid fast 
drying up.
Considering a 20 cm layer per hectare with a soil bulk weight 
of 1.33 kg.dm'3 (Schroeder, 1984; White, 1987) and the P500 
field dose variations, we can calculate the following field 
concentrations actually reaching the plants:
• a minimum of 80 g.60-100 L^.ha"1 corresponds to 30 ppb.
• the more usual dosage between 200-300 g.ha'1, corresponds 

to between 75.2 ppb and 112 ppb (0.75-1.12 x 10'7) .
Its expected effects are to promote growth through enhanced 
water and nutrient element uptake, dynamizing their soil 
availability and positive plant-soil (edaphological)
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interactions. This includes stimulating a healthy soil 
biocenosis. It can be said that P500 is the main BD 
preparation to promote a balanced plant nitrogen uptake and 
metabolism (Koepf, 1971, 1977 & 1981; Koepf et al., 1976 &
1996; Kafka & Koepf, 1989).

2.5.2.1.2. P501 "Horn-Silica" Plant Spray
P501 is made of finely ground silica (preferably quartz) 
buried 30-50 cm deep in good soil inside cow-horns during 
summer (between the spring and autumn equinoxes), dynamized 
at a rate of 5 g. 60-100 L-1.ha_1 (83.3 ppm or mg.L"1), which 
corresponds to between 0.1 and 0.5 ppm (1-5 x 10"7), 
depending on the crop biomass (e.g.; 50 & 10 t.ha'1) . It is 
applied as a fine plant spray (5-150 ml.rtf2) in the principal 
phases of change in terms of vegetative or reproductive 
cycles. It must be applied during early morning hours, before 
the solar radiation warms up and to take full advantage of 
daylight. It is expected to have a general regulating 
morphogenetic effect, which involves (Koepf, 1971):
> Promoting silicon and light absorption by plants;
> Enhancing cell wall, membrane and general tissue

resistance by restraining or regulating water and general 
nutrient-element uptake, as well as regulating phosphorus 
uptake and metabolism;

> Raising overall plant tissue DM contents, produce quality 
and conservation parameters;

> Stimulating the plants' natural defences and resistance 
against pests and diseases.

2.5.2.1.3. Additional Biodynamic Field Sprays
Additionally, three other field sprays are currently used in 
biodynamic farming, commonly known as Horsetail Tea, Nettle 
Water and Kieselguhr (diatomaceous earth) Suspension. 
Horsetail Tea, also known as P508, was the only additional 
spray recommended in the Agriculture Course (Steiner, 1974 & 
1988; Koepf et al., 1976 & 1996; Wistinghausen et al., 1991 & 
1995). Their compositions and applications according to BD 
manuals and books (Mann, 1945; Wistinghausen et al., 1991 & 
1995; Sattler & Wistinghausen, 1992) are:
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> Horsetail Tea consists of the Equisetum arvense decoction 
(boiling for 20 minutes), which is stir-diluted to 1-2% 
and finely sprayed at plants (5-150 ml.nf2, depending on 
foliage size) during early development, to regulate growth 
and prevent diseases. It may be kept and fermented, which 
can improve efficiency (Steiner, 1974 & 1988). Its 
effects, similarly to P501, are attributed to its high 
silicon contents. It must be alternated with the nettle 
water in most cases, for full effect.

> Nettle Water is made of Urtica dioica (planta tota, 
excluding roots) macerated at 10% in water for 14 days, 
stir-diluted to 2% and sprayed (15-150 ml.m'2) during early 
plant development alternated with Horsetail Tea, to 
complement its effect by stimulating vigorous growth.

> Kieselguhr Suspension is made with diatomaceous earth 0.5% 
stir-diluted in water and sprayed 138 ml m~2.

> P507, valerian flower extract, besides its main use as a 
compost preparation is also recommended to prevent frost 
damage and regulate phosphorus assimilation, stir-diluted 
(5-15 minutes) 2 ml per 5 litres of water, reaching the 
plants at a concentration of 400 ppm (4 x 10"4), sprayed at 
a very low volume (5-15 ml.m"2) . It can also be added to 
the P501 spray for the same purpose, at the rate of 1-2 
ml. 60-100 L-1 .ha"1 (0.02-0.04 ppm or 0.1-0.2 ppm, depending 
on the crop biomass).

2.5.2.2. Biodynamic Compost Preparations P502-P507
The BD Compost Preparations P502 to P507 are usually applied 
to compost, manures or organic fertilizer mixtures 
(Wistinghausen et al., 1991 & 1995; Koepf, 1981; Koepf et 
al., 1976 & 1996) but can also be used in mixed plant or soil 
sprays (with P500) and tree-pastes (Rasmussen, 1958 & 1959). 
They are applied in portions of 2000 mg to whole average 
sized compost heaps (e.g.; initial volume 10-12 m3, final 
weight 4-5 t) or spaced 0.5 to 2 metres between themselves, 
with the exception of the liquid P507, which is diluted in 
water and sprayed over the compost or manure. Considering 
again a 20 cm layer per ha with a soil bulk weight of 1.33 
kg.dm"3 (Schroeder, 1984; White, 1987), plus a compost 
application (10 or 60 t.ha"1), their field concentrations
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actually reaching the plants lies between 1.8 and 11 ppb 
(1.8-11 x 10'9) .
Each compost preparation was attributed by Steiner a special 
regulating and dynamizing capacity in relation to different 
sets of nutrient-element interactions, both between these 
elements themselves and in the relations involving compost, 
soil and the treated crops. The hypothetical mode of action 
of each BD compost preparation is thus to regulate and 
dynamize the interactions between some specific nutrient- 
elements and the all the others in the treated organic 
fertilizer, rather than promoting straightforward 
availability of individual or groups of nutrient-elements 
(Steiner, 1974 & 1988) .
The solid P502 to P506 all undergo slow fermentation buried 
30-50 cm deep in good agricultural soil during winter-time, 
between the respective autumn and spring equinoxes for each 
Hemisphere. The five BD Compost Preparations consist in:
> P502 - flowers of Achillea millefolium (yarrow or milfoil) 

stuffed into a stag's bladder, which is first hung in the 
direct sunlight during Spring and Summer and thereafter 
buried during winter, as above mentioned. It is expected 
to regulate and dynamize the interactions of sulphur with 
potassium, carbon, nitrogen, silicon and even toxic 
elements like Lead (Ph) and Arsenic (As) through acid 
compounds in manures and plants.

> P503 - Camomile flowers (Matricaria chamomilla L., M.
recutita or Chamomilla officinalis) stuffed into bovine 
small-intestine "sausages", thereafter buried during 
winter. It is expected to deal with the interactions 
involving calcium, hydrogen, potassium and nitrogen 
through Sulphur mediation in alkaline reactions and also 
to promote systemic resistance.

> P504 - full blossoming Stinging Nettle (Urtica dioica,
planta tota, excluding roots), buried directly in the soil 
(with a slight peat or compost lining), from summer to 
summer (around solstice time), for a whole year, it should 
promote a healthy iron (Fe) metabolism, once again 
balancing potassium, calcium, hydrogen and nitrogen 
processes through combinations with Sulphur.
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> P505 - the English Oak's (Quercus robur) , external bark, 
which is coarsely ground and introduced inside the skull 
of any domestic animal. It is then buried during winter in 
decomposed plant material (e.g., leaf mould, peat) or 
compost during winter, under clean (rain, snow or stream) 
running water. Its function should be to promote 
resistance through regulation of the calcium metabolism, 
probably extending its action to related elements like 
magnesium, sodium and aluminium (Steiner, 1988; Prof. 
Martin Richter, 1985 and 1992; personal communication).

> P506 - Dandelion flowers (Taraxacum officinale), which are 
stuffed into bovine mesentery bags and buried during 
winter. It is expected to regulate the availability and 
metabolism of potassium (and probably its balance with 
sodium), this time through the mediation of Silicon 
compounds and processes. Phosphorus, for its relations 
with silicon, can also be affected in the process.

> P507 is the liquid extract (by pressing) of Valeriana 
officinalis flowers, which is stir-diluted (2 ml in 5 
litres of water) and sprayed over the compost or manure. 
It is specifically directed at improving the Phosphorus 
availability and metabolism in organic fertilizers, soils 
and plants. It can be directly sprayed on plants to 
prevent frost damage and diseases.

2.5.2.3. Theoretical Basis of the Biodynamic Preparations
It is difficult to describe or discuss the BD preparations 
without generating at least some intellectual discomfort 
(actual scientific contempt at most), because of the 
similarity to "witchcraft" that the materials and procedures 
used to produce them evoke at a first superficial 
observation. Nevertheless a number of experienced researchers 
and workers have succeeded in introducing Biodynamics as a 
practical agricultural method based on a holistic approach 
that can and must be put under experimental scrutiny, as 
originally emphasized by Rudolf Steiner10 (1974, 1988;
Seddon, 1988), although rational criticism can often change 
theoretical interpretations of the BD approach. Dr. Herbert 
H. Koepf11 is probably the best known and most knowledgeable 
scientist to have stimulated the study and critical
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discussion of Biodynamics, within the framework of not only 
formal, but living inter-relationships between Agroecology 
and other basic sciences, like anthropology, astronomy, 
botany, economics, geology, medicine and zoology.
The choice of both materials and processes for manufacturing 
the BD preparations can be understood as the intuitive or 
creative result of experience and observation in this wide 
field of sciences and practice. This is not unfamiliar to the 
Scientific Method, as scientific creativity is the result of 
intuitive, creative thought (Descartes, 1979, Seddon, 1988) . 
To resume it in the words of Sir Karl Popper (1972b) : 
"...there is no such thing as a logical method of having new 
ideas". This point is discussed by other authors (Sattler, 
1986) and emphasized throughout Popper's work (Miller, 1983).
Thus, choosing the plants, animal organs and preparation 
process, be it the buried fermentation, air drying or stir- 
dilution, results from being able to relate the botanical, 
environmental and medicinal properties of the plants (or 
"dead substances" like minerals and manures) with the 
physiological processes in both animal and agroecological 
organisms.
The hypothetical cosmic influences mediated by the BD 
preparations can be considered the result of the interactions 
between the previously mentioned "underlying dynamic 
mathematical patterns or archetypes" and the formative forces 
(basically through light and gravitational effects) involved 
in the involved in the minerals, plants and animal organs 
used in the making of these preparations. This, again, is not 
a new idea, as "fathers of Science" like Johannes Kepler also 
considered it12. This can also help the understanding of the 
proper seasons or astronomical timing to expose the BD 
preparations to wider, natural and cosmic environmental 
conditions.
The therapeutic properties and chemical composition of the 
substances used in the BD preparations are thus important not 
only for their direct physico-chemical effects, but also 
because their constituting elements would be mediators or 
"physical mirrors" of their cosmic formative forces.
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It is necessary to clarify here that these and the following 
hypothetical explanations for the BD preparations are chiefly 
meant to offer a proper review of the subject. Although the 
Goethean approach proposed by Steiner is obviously 
criticizable (as any theoretical model), it presents the 
essential framework for the understanding and discussion of 
the biodynamic method.

2.5.2.3.1. Polarity, Threefoldness and Animal Morphology
Basic to the interpretation of the BD preparations is the 
understanding of polarities in Nature and in the plant 
organisms. In the first two lectures of his Agriculture 
Course, Steiner (1974 & 1988) indicates that there is a dual 
purpose in plant life: on one hand the plants' own species 
perpetuation, through reproduction and growth; on the other, 
the production of nutritional quality, as food for the animal 
kingdom. These two "purpose spheres" are respectively 
correlated with the influences (environmental, cosmic) 
received by plants through the calcareous (alkaline) and the 
siliceous (acid) nature, associated substances or tendencies 
present in soils and the atmosphere.
The harmonious management of these two poles or sets of 
influences is later attributed to the balanced use of the two 
BD field sprays: P500 would promote and mediate the phenomena 
involving solid nutrient elements and their solutions in 
water; while P501 is expected to deal with the plants' 
relations with heat and light.
The BD compost preparations are destined to complement these 
basic extreme polar-influences, by regulating the whole 
intermediate range of nutritional and metabolic 
relationships, much in the way colours combined in different 
tints complement the black and white drawing, to produce the 
final painting (Koepf, personal communication 1987).
The preparation timing also makes use of the polarity between 
spring-summer and autumn-winter, relating to the ascending 
and descending arches of the sun's equinoctial (relative or 
apparent) movement and the consequent lengthening and 
shortening of daylight hours, culminating in the solstices, 
respectively.
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Winter is a time when life is predominantly restricted and 
concentrated below the ground, be it due to low temperatures 
(in temperate climates) or to dry seasons (in the tropics). 
Thus, winter exposure or treatment is meant to endow the 
preparations with the metabolic, "earthly-watery" properties 
that would promote nutrient element availability in organic 
fertilizers and in the soil solution. This is expected to 
benefit the plants' vigour and reproduction. Summer 
treatment, on the other hand, is meant to give the 
preparations the heat and light forces that would promote 
nutritional quality in plants. The role of the animal organs 
used as "containers" for the preparations also springs out of 
the application of the Goethean "Principle of Polarity" to 
Natural Science, as it will be discussed in the sequence.
One of the research lines in this sense is the study of the 
threefold archetypal structure correlating man and mammals in 
what is defined as "biology of form". Wolfgang Schad (1977), 
a biologist and educator from Stuttgart, proposed this 
discipline. It is based, on one hand, on the fundamental 
Goethean principle of polarity applied to the organization of 
natural phenomena; and on the other, on Steiner's assertion 
that from the dualism of polar interplay a third, mediating 
principle or element emerges and a threefold association - 
threefoldness or triplicity, is established. This third 
principle is generally associated with the element of rhythm 
in natural phenomena. For example, in animal organisms, the 
polar interplay between systole and diastole generates the 
rhythmic cardiac pulse, as inhalation and exhalation generate 
the respiratory rhythm (Schad, 1977; Riegner, 1987) . In 
Physics, the balance between centripetal attraction and 
centrifugal impulse generates the rhythmic gravitation 
(Einstein, 1939a).
Although Johann Wolfgang Von Goethe (1749-1832) is recognized 
as a literary genius, his contributions to science are less 
known, except perhaps for his discovery of the human 
intermaxillary bone (os incisiwm), a qualitative approach to 
light and colours and the theory of the "Metamorphosis of 
Plants" (Goethe, 1993).
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Steiner was deeply influenced by Goethe's ideas and was the 
editor of Goethe's full scientific works in 1890, at the 
Goethe Archiv in Weimar (Seddon, 1988).
Schad (1977) applies the Goethean polarity principle 
associated with Steiner's threefold structural approach as a 
new methodology to study mammalian diversity. His 
classification method is compatible with and complementary to 
the existing Linnean taxonomic schemes, by adding a 
qualitative-synthetic, holistic view to the quantitative- 
analytic tools of contemporary biology.
Modern taxonomic classifications often reflect phylogeny, the 
presumed evolutionary history of a group of organisms. 
However, when classifying organisms on the basis of their 
similarities, taxonomists often find perplexing but
remarkable resemblance between many animals that are only 
distantly related, e.g., the same coat or fur patterns in 
groups as different as felines, equines, rodents and swine, 
with the same underlying genetic inheritance basis 
(Sponenberg et al., 1996).
Dutch anatomist Louis Bolk (1866-1930) noted a close 
resemblance between human and mammalian embryos in terms of 
early morphological features. But, as development progresses, 
the mammalian forms drastically depart from the original one, 
while the human organism only changes slightly. Bolk 
maintained that a unique attribute of human development is 
its high degree of morphological retardation in terms of 
structural specialization. Bolk's observations have 
stimulated recent questions, most notably by biologist 
Stephen Jay Gould of Harvard University, about the nature of 
this "human developmental retardation". For instance, we find 
a striking highly specialized diversity of hooves, claws, 
wings and flippers, while the human hand remains in the 
generalized embryological condition resembling the presumed 
ancestral form of mammalian appendages. Consequently, while 
animal members are highly adapted to a limited range of 
activities, the human hand can perform an amazing variety of 
tasks, which make it possible for man to express his 
intellectual creativity (Riegner, 1987).
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Schad (1987), following the lines of Goethe and Steiner, 
suggested that the unspecialized "underdeveloped" condition 
of the adult human form represents a central, archetypal and 
unifying figure among the mammals. Man maintains a delicate 
and diversified balance among qualities that appear 
specialized in the one-sided development of the various 
mammals. Animals in general and mammals in particular can be 
thus divided in three branches, which apply equally to every 
taxonomic group. These branches relate to an archetypal 
division in three fundamental spheres or systems based on the 
human organism: the neuro-sensorial (brain, nervous system 
and sensory organs), its polar opposite, the metabolic-limb 
sphere (general digestive and reproductive systems, and the 
mechanically active members), and the mediating rhythmic 
sphere - the regulating respiratory-circulatory systems 
(Schad, 1977, Riegner, 1987) and probably also the endocrine 
system.
These functional spheres are more predominantly localized13 
and can be related to the respective bodily division into: 1) 
head, 2) the organs of the abdominal cavity and limbs, and 3) 
the main trunk (thorax and organs above the diaphragm). The 
various taxonomic animal groups can be thus classified into 
the three general branches, according to their morphological, 
functional and behavioural characteristics, as shown in Table
2.6, using the example of mammals. In the polar, contrasting 
character between bovine cattle and deer, lies part of the 
explanation for the choice of animal organs as containers for 
the BD preparations. The bovine are the most metabolic, calm, 
energy concentrating ruminants and the female cow is the most 
productive of all the animals, in the sense of being capable 
of giving out most efficiently whatever it consumes: milk, 
calves, meat, work, hide, horns and hooves, in return for 
cellulosic forage. Deer, especially the male stags, are the 
most neuro-sensorial, nervous, energy dispersing ruminants. 
Head appendages, be it horns, antlers or tusks, are 
attributes of the most metabolic members of each group (Table 
2 .6) .
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Table 2.6. Threefold classification of Mammalian (sub-class 
E u t h e r i a ) groups in terms of general morphological, functional 
and behavioural parameters._______________________________

Character Metabolic-Motor Rhythmic Neuro-sensorial
Body Centre of 

Gravity
Anterior or 
Forequarters

Central-Balanced
(Intermediate)

Posterior or 
Hindquarters

Coat
Pattern

Uniformly Coloured 
and Textured

Spotted and/or 
Striped

Dorso-ventral
Contrast

Temperament Calm, Lymphatic Dual, Choleric Nervous, Sanguine
Gestation Long Intermediate Short
Litter Size Small Intermediate Large
New-borns Precocial Variable Altricial
Predominant 
Dentition & 
teeth forms

Molars, boxlike 
form (obs.: absent 
upper incisors)

Canines, sharp, 
pointed, 

conical form
Incisors, flat 
chisel-like form 
(diastema gap)

Feeding Habits 
and

main diet
Herbivore: 
Voluminous 

cellulosic forage
Carnivore or 
Omnivore (high 
protein diet)

Granivorous- 
Herbivore (high 
energy diet)

Mandibular
movement

Lateral
Chewing Vertical

Biting
Forward & 

Backward NibblingLimbs Specialized Hoofs Modified Claws Unspecial. Digits
ORDER Ungulata Carnivora RodentiaGeneral mammal 

examples Bison bison 
(American bison) Panthera pardus 

(Leopard)
Micromys minutus 
(harvest mouse)Ungulates 1 

example Ruminant
Artiodactyla

Non-ruminant 
Artiodactyla Perissodactyla

Perissodactyla Rhinos Tapirs Horses
Equidae example Horses

Equus caballus
Zebras

Equus quagga
Asses 

Asinus sp
Non-ruminant
Artiodactyla Hippos Swine Peccaries
Ruminant

Artiodactyla

Pecora
(horned ruminants, 
prominent molars)

Tragulids & 
Chevrotains 

(promin.canines)
Camelids 
& Lamas

(promin.incisors)

Pecora
Bovines, 

especially the 
Cow

Sheep, Goat, 
Chamois, Musk 

Oxen, Antelopes & 
Giraffes

Deer,
especially the 

Stag
Head

Appendages
Permanent, lateral, 

smooth conical 
Horns

Permanent, 
frontal, ridged 

horns
Annual,
branched
Antlers

There are different explanations for the significance of 
horns and antlers, and each is certainly valid in its own way 
- options c & d present the BD perspective (Schad, 1977):
a) They are weapons;
b) They are signals meant to intimidate;
c) Antlers are outlets for metabolic surpluses;
d) Horns are inlets and seals to shut in metabolic forces.
Schad (1977) suggests horns and antlers also take part in the 
inner activity of the organism. In this capacity horns would 
act as a morpho-physiological dam to intercept processes that 
stream outward from inside the organism, which is consistent 
with the heavy and bulky form of bovines. Like a concave
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mirror, they would reflect them back again. Antlers, on the 
other hand, would function in the opposite way, dispersing 
energies for active and sensitive animals that need to remain 
light and alert. That is why most of the preparations are 
made inside bovine organs:
> P500's manure should concentrate all the metabolic 

(nutrient solution) "growth-reproductive" energy the cow- 
horn can retain from the winter-soil.

> P501's silica should be impregnated in a similar way, but 
with the "plant-sensitizing", quality-enhancing summer 
heat and light.

> P502's yarrow flowers are expected to absorb both summer 
and winter formative forces, channelling them to the 
productive quality sphere of the plant-soil interaction, 
through acidic processes in the excreting organ of the 
most neuro-sensorial ruminant.

> P505's oak bark plays the complementary role to P502, 
transmitting to soil and plants all the resistance that 
can be concentrated in organic calcium compounds through 
the winter exposure to moisture of a highly calcified 
"neuro-sensorial container" like the herbivore's skull;

> P503 and P506 - camomile and dandelion flowers, should 
deal with the polar complementary tendencies respectively 
represented by calcium (alkaline) and silicon (acidic) to 
balance plant metabolism between growth and resistance, 
quantitative and qualitative production. Here the polarity 
between bovine small intestines (the most internal and 
nutrient-absorbing abdominal organ) and the mesentery (or 
peritoneum, the most peripheral abdominal organ) is also 
used to endow the plant material with complementary 
properties for their respective sets of nutrient elements.

> P5Û4 and P507's straightforward plant nettle tissues and 
valerian extract should play the "amphoteric role" by 
dealing with elements processes which lie in between the 
acid and alkaline oxidation extremes represented in the 
other compost preparations.

It can be hypothesized that there is a crescent or additive 
effect from the straightforward use of the core preparation 
substances, their use after exposure to seasonal
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environmental conditions and this exposure inside the animal 
organs (Koepf, 1987; Richter, 1985 and 1992; personal 
communications) . The biochemical composition and therapeutic 
properties of the substances used, can offer further 
information about their allelopathic and biodynamic effects 
in plant physiology and biological interactions.

2.5.2.3.2. Phytochemistry and the Biodynamic Preparations
Dr. Pio Font Quer (1962) in his well-known book on medicinal 
plants gives an account of all the plants used in the BD 
compost preparations, both showing their therapeutic 
relevance and giving a concise account of their biochemical 
composition. His descriptions review historical data since 
Dioscorides Pedanius, Greek physician of the 1st Century AD, 
author of the famous book "De Materia Medica" on 
Phytotherapeutics.
Grainge and Ahmed (1987), in their very useful handbook of 
plants with pest-control properties, provide valuable 
information on the phytochemical properties of many species, 
among which the BD preparation plants are listed.

2.5.2.3.2.1. The Yarrow or Milfoil (Achillea millefolium)

According to Font Quer (1962) the yarrow or milfoil (Achillea 
millefolium L.) has an old reputation as an efficient 
"vulneraria", with both external and internal healing and 
haemostatic properties. It is a tonic, stimulant,
antispasmodic, febrifuge, sedative and diuretic. Its flower 
heads or inflorescences are the main organs used, containing 
a maximum of 0.8% essence, composed of cineole plus various 
alcohols (up to 20%, including cerilic alcohol) bornile- 
acetate, esters of acetic acid, triacontane, glycerine and an 
oil composed of the following fatty acids; oleic, linoleic, 
myristic, palmitic and cerotic. Other compounds are; 
dextrogirous a-pinene, levogirous borneol and camphor, 
salicylic acid (sa), formic acid, isovaleric acid,
achilleinic acid (homologous to aconitic acid), azulene, 
asparagine, tannic substances and a bitter nitrogenated 
glycoside (probably the benzaldehyde-cyanhydric glycoside). 
its diuretic and sedative effects (linked to the kidneys and
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bladder) seem to be specially due to the asparagine contents 
- an amino acid and also the primary amide of aspartic acid, 
one of the two (the other is glutamic acid) existing acidic 
amino acids (Rawn, 1983).
Grainge and Ahmed (1987) attribute the yarrow flower's an 
anti-tick effect, verified against Dermacentor marginatus, 
Haemaphysalis punctata, Rhipicephalus rossicus and Ixodes 
redikorzevi. They also mention insecticidal properties 
against Musca domestica. The identified active principles are 
the alkaloids achiceine, achilleine and moschatine, present 
especially in the stems, leaves and seeds.
P502 is one of the two (the other is P506) compost 
preparations to work through acid oxidation processes and the 
only one to fit in the neuro-sensorial pole. Steiner (1974, 
1988) has attributed to the yarrow a most distinguished role 
amongst plants: as a special companion plant, it would 
benefit the surrounding environment by its mere presence; for 
its favourable proportion of sulphur in relation to the 
overall mineral contents it would have a regulating and 
dynamizing effect in other elements like potassium, carbon, 
nitrogen, silicon, trace and toxic elements in manures and 
plants. This can be associated with the biochemical 
composition reviewed and the allelopathic role of many of its 
compounds, like tannins, camphor, borneol, a-pinene and 
cineole (Rice, 1984 & 1995).

2.5.2.3.2.2. Camomile (M. chamomilla or C. officinalis)

True camomile (Matricaria chamomilla L., M. recutita or 
Chamomilla officinalis) is probably the most widely known and 
used of medicinal plants, both for its properties and for its 
pleasant flavour of its inflorescences (camomile comes from 
the Greek chamaimelon, earth-apple or little-apple). Its 
famous antispasmodic, digestive and sedative virtues apply 
especially to the intestines and womb (Matricaria comes from 
matrix) in children and women. The essence contents of the 
inflorescences reach 0.7% and its chemical composition is 
also very complex: levulose (levogirous glucose), ascorbic 
acid (up to 0.73% dm total vitamin c), camazulene, salicylic 
acid, octylic acid, apigenine (and its precursor glycoside),
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umbelliferone (and its methyl-ester) , resins (triacontane, 
phytosterine), a sesquiterpenic hydrocarbon, a sesquiterpenic 
alcohol, several dicyclic alcohols and a small amount of 
dioxi-coumarin. Apigenine is attributed the main 
antispasmodic properties. Camazulene is an effective anti- 
histaminic, used at 2% in injections against asthma (Font 
Quer, 1962).
Camomile flowers are considered effective (as the yarrow's) 
against the ticks Dermacentor marginatus, Haemaphysalis 
punctata, Rhipicephalus rossicus and Ixodes redikorzevii) and 
useful against Blatta orientalis mixed in baits. They are 
also effective against the nematode Meloidogyne incognita. 
Its leaves have an antifeedant effect on Spodoptera litura, 
although no active principles are given by Grainge and Ahmed 
(1987) .

2.5.2.3.2.3. Stinging Nettle (Urtica dioica)
Nettle (Urtica dioica) is well-known not only for the 
stinging properties of its syringe-shaped trichomes, but also 
as a good medicine and even as a nutritious foodstuff for 
both animals (as hay) and people (steamed or boiled for 
salads or soups) (Font Quer, 1962).
Font Quer (1962) explains that nettlerash is caused by the 
predominant acetylcholine (more than 1%) and Histamine (0.2 
to 1%) contents of the stinging hairs. Its dietary and 
digestive properties are due to the presence of Secretine, 
one of the best stimulants for intestinal peristalsis and 
secretions of the stomach, pancreas and liver. It is also 
haemostatic, anti-hamnorrhagic, and blood vessel constricting, 
anti-allergenic, anti-rheumatic (for the histamine and 
acetylcholine) and anti-anaemic (for its high Iron contents). 
Its nutritional value for both animals and plants is 
justified by its high protein and mineral contents, shown in 
Table 2.7, according to the work of Peterson and Jensen (1985 
& 1986), who have analysed and shown the value of nettle 
water in the mineral nutrition of plants.
Although Steiner (1974 & 1988) remarked that Urtica dioica 
was the only plant that could not be possibly replaced for 
P504, various other nettle species, especially U. urens, and
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even belonging to other genera, like the tropical Urera 
baccifera, have been used with good results for both sprays 
and compost world-wide (Deffune, 1991; Mejia, 1995 and 
Agronomist Tadeu Caldas, personal communication 1996). 
Studies on the effects of different nitrogen sources and
iron-chelates on the development of the stinging nettle, show
interesting relationships between the species and these
nutrient elements (Fodor & Cseh, 1993).
Table 2.7. Properties of nettle water 10% FWt/V from three
years, made from fresh and dry nettles. The 1983 sample was
made of a mixture from spring, mid-summer and late-summer
nettles. 1981 and 1982 samples were made of late-summer
nettles. Values are means of three and two (minerals) samples
(from Peterson and Jensén, 1985).

Dry
Parameter Unit Fresh nettles nettles

Year 1981 1982 1983 1983

Water content % - 98.9 99.2 99.2
Dry matter % 1.1 0.8 0.8
Organic matter % _ 70.2 70.2 75.0
Ash % — 29.8 29.8 25.0
Total nitrogen mM - 42.5 30.8 31.3
Organic fraction mM - 28.9 15.4 17.8
Nitrate mM 0 0 0.2 0.2
Ammonium mM 18.4 13.6 15.2 13.3
Phosphorus mM 1.3 0.6 4.0 2.4
Potassium mM 44.4 16.1 9.5 9.7
Calcium mM 12.4 18.3 10.9 13.9
Magnesium mM 3.3 3.2 2.4 3.0
Sulphur mM — — 2.3 2.4
Iron pM 91.3 48.3 118.1 39.4
Boron pM - 71.2 99.0
Manganese pM - - 22.0 21.1
Zinc pM — 26.7 11.5
Copper pM - - 8.0 6.0
Molybdenum pM 0.9 6.0
pH units - 5.5 5.85
Conductivity pS. cm-1 - - 5020 4250
Buffer capacity ml IM HC1 ApH - “ 40 33
Redox potential mV — “ 481 585
Bacteria (viable) st .ml'1 37 x 106 160 x 10s
Auxin pM - 0.05

According to Grainge and Ahmed (1987), the stinging-nettle 
(u. dioica) is an antifeedant and repellent against Athalia 
rosae and Locusta migratoria. The tropical U. breweri has the 
same effects on Attagenus piceus and U. urens's leaves are 
both antifeedant against Phytodecta fornicata and Pieris 
brassicae; and antinematode for Tylenchulus semipenetrans,
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being the alkaloid 5-hydroxytryptamine the only identified 
active principle accounted for (Grainge & Ahmed, 1987).

2.5.2.3.2.4. The Oak (Quercus robur)
The English or Red Oak (Quercus robur), simply known as "oak" 
in other European countries (e.g.; carvalho, roble, chêne) is 
the best known and ubiquitous representative of the Quercus 
genus, adapting well even to sub-tropical regions. Its 
external bark and rind are the most used plant-part for 
medicinal purposes, due to its high tannin contents, 
especially of cuercitannic acid (20%). Due to its astringent 
properties, the ground oak bark 10% water decoction (or 
vinegar maceration) is used externally as an efficient anti- 
hæmorrhagic and in the treatment of ulcers, leucorrhoea, 
methrytis, gonorrhoea, haemorrhoids, hair-loss and greying.
The young leaves' distilled extract is traditionally known to 
cure liver and gall bladder problems, kidney stones and 
leucorrhoea as well. Internally, a 3% filtered wine
maceration of the ground bark is recommended against 
diarrhoea and haemoptysis (bleeding tuberculosis) . The same 
applies to the acorns' decoction, which besides the
aforementioned virtues, is said by Dioscorides (Book I, 
chapter 121) to be "diuretic and useful to counteract
poisonous stings and bites, although they may produce 
headache and flatulence" (Font Quer, 1962).
Steiner (1974, 1988) attributes the oak's biodynamic
agricultural qualities to its high bark and rind calcium 
contents (77% of the ash), and the way it is combined in
these tissues (Font Quer, 1962).
The pest-control properties of the oak reside mainly in the 
high tannin contents in the bark, wood and leaves, which are 
reputed as antibacterial (even for animal treatment) 
antiviral (especially the wood) and effective against insects 
(Grainge & Ahmed, 1987) .
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The world-wide common Dandelion (Taraxacum officinale), 
consumed in traditional country-leaf salads, or as a 6% whole 
plant decoction, is generally known as a "blood-cleanser" or 
tonic, soothing, appetizer, digestive and hepatic. It is also 
diuretic and its French common name, "Pisenlit" or "pisee-au- 
lit", expresses this, which is linked to its benefits against 
kidney-stones. The flower buds are seasoned in vinegar and 
salt, resembling capers and the roasted roots are used in 
coffee-like infusions.
Dandelion tissues contain white latex that was even used for 
rubber production, for which another species, Taraxacum 
megalorrhizon, seems to be more indicated. This latex is 
composed of a- and (3-lactucerol (mildly sedative), the cyclic 
sugar-alcohol inositol and other reduced sugars, especially 
levulose. The whole plant contains asparagine (diuretic and 
sedative), saponine, tyrosinase and bitter compounds
(including tannins). It has an average 40% K20 in the ashes, 
which coincides with Steiner's indications about the plant's 
proper K:Si ratio. The roots contain up to 40% inulin ((J-
linked fructoses), p-oxyphenil acetic acid, 3,4-oxycinamic 
acid, a non-determined glycoside and the complex alkaloids 
generically designed as taraxine and taraxerine (Font Quer, 
1962; Salisbury & Ross, 1978) . Some authors report that 
dandelion competes with neighbouring plants by producing 
ethylene in the roots and that its senescing tissues
concentrate silicic acid, though not offering percent 
contents or analytical data (Mejia, 1995).
Dandelion leaves have the following verified effects:
antifeedant and repellent against Locusta migratoria, 
antifeedant for Cassida nebulosa and Phytodecta fornicata and 
repellent for the potato 'Colorado beetle', Leptinotarsa 
decemlineata (Grainge & Ahmed, 1987).

2 .5.2.3.2.6. Valeriana officinalis

Valerian (Valeriana officinalis) is also known in France, 
Spain and Portugal as "cat's herb" (herbe aux chats, hierba 
de los gatos & erva-dos-gatos) for these felines are 
remarkably fond of rubbing against the plant. This suggests a

2.5.2.3.2.5. Dandelion (Taraxacum officinale)
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relationship between the Felidae, the most central of the 
"rhythmic" group, according to Schad's (1977) threefold 
classification of mammals; and P507's valerian extract, which 
is supposed to deal with the centremost, amphoteric 
phosphorus processes in organic fertilizer use. Not 
surprisingly, P is the key nutrient element for valerian 
cultivation (Font Quer, 1962).
Valerian's therapeutic properties can be resumed in balancing 
between the metabolic and nervous systems, reason why it is 
traditionally recommended for the general treatment of 
epilepsy and female menstrual irregularities. Besides these 
anti-epileptic, emmenagogue and anti-hysteric effects, it is 
also reputed both as a sedative (for migraines) and a nervous 
tonic, acting as a sleep regulator; sudorific, diuretic, 
anti-helminthic; it helps healing mouth ulcers and in 
disturbances of vision. The main plant part used are the 
roots, which accumulate various acids described in the 
sequence, especially the so-called isopropyl-acetic or 
isovaleric acid, in the essence contained right under the 
root epidermis. These acids are either found free or combined 
in salts or esters, like bornile-isovalerianic ester or 
bornile-isovalerianate, which decomposes into Isovaleric acid 
in the harvested roots (Font Quer, 1962).
The plant extracts are made from either fresh or dry plants, 
as a 5-10% maceration or infusion in water, alcohol 
(tincture) or wine (Font Quer, 1962). The valerian essence's 
very complex composition includes well-known allelopathic 
agents like camphene, pinene and levogirous limonene and 
borneol; the latter combined with its main active ingredient, 
Isovaleric acid - (CH3) 2CHCH2C02H, the saturated fatty acid 
with the lowest melting point (-51°C). Other compounds are 
butyric, acetic, malic, valeriotannic and formic acids; 
azulene, the alkaloids designed as valerine and catinine, the 
glycoside valeride and several alcohol's (Font Quer, 1962; 
Rawn, 1983; Rice, 1984 & 1995).
Valerian's only reported pest-control property is the effect 
of its roots against Trogoderma granarium. The active 
principles mentioned by Grainge & Ahmed (1987) are chatinine 
and valerine, present in stems and leaves as well.

81



Horsetails or the Equisetaceae family (division Arthrophyta 
or Sphenophyta) are amongst the oldest plants to colonize the 
planet. Today, there are about 25 horsetail species all over 
the world (11 in Europe), among which Equisetum arvense, E. 
telmateia and the South American E. giganteum, are the most 
widely used as both medicine and for the cure of plant 
diseases and pests (Mann, 1945; Fragoso et al., 1960; Weier 
et al., 1982). Mejia (1995) mentions E. bogotense, native of 
the Bogota high plateau in the Colombian Andes, which can be 
synonymous with E. arvense.

Font Quer (1962) describes E. telmateia and E. arvense, which 
are reputed for their diuretic and remineralizing virtues 
(especially in tuberculosis), attributed to their high 
silicon and potassium contents. They are also haemostatic and 
anti-haemorrhagic due to the presence of gallic and pectic 
acids. Other active compounds are aconitic, oxalic and mallic 
acids; three flavonic heterosides (galuteoloside, 
isoquercitoside and equisetoside) ; resins, phytosterol, 
tannins, nicotine and a small amount of oil. The remarkable 
form in which silicic acid is in these plant tissues is more 
active than colloidal Silicic acid. Fresh E. arvense plants 
contain between 3.21 and 16.25% total silicic acid, of which 
between 0.06 and 0.33% is soluble (Font Quer, 1962). 
Salisbury and Ross (1978 & 1992) report it as up to 16% total 
silicon on a fresh weight basis. The ashes contain about 90% 
silicon (Steiner, 1974, Kaufman et al., 1981).
Grainge & Ahmed (1987) attribute to the whole plant of E. 
arvense an effect against Pieris rapae, as well as an 
insecticidal effect of E. fluviatile against the mosquito 
Aedes aegypti. The active principles given by these authors 
are methoxypyridine, nicotine and palustrine.

2.5.3. Biodynamic Research and Practical Results
Kolisko et al. (1978) back in 1939, were the first to publish 
research work based on Steiner's indications, in their book 
"Agriculture of Tomorrow", with some interesting results. 
Some of their methods were recently reappraised as a 
classical botanical experiment in ultra high dilutions, with

2.5.2.3.2.7. Horsetails - Equisetvm spp
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significant results on what was called energetic coupling in 
a wheat model (Pongratz & Endler, 1994).
Fyfe (1967) has published an illustrated book on capillary- 
dynamic studies, showing probable effects of different 
positions of the Moon on medicinal plant extracts through the 
Capillary Dynamolysis or ascending chromatographic technique.
Pfeiffer, (1938, 1947 & 1988) is another early biodynamic 
researcher, who carried out composting (Pfeiffer, 1959 & 
1960a), food quality (Pfeiffer, 1960b) and feeding 
experiments (Pfeiffer, 1983) with interesting results, 
although, as in the case of both Fyfe (1967) and Kolisko et 
al. (1978), no detailed accounts of randomised experimental 
designs or statistical significances are given. However, they 
still offer good material for experimental reappraisal.
Knorr (1982) submitted circular chromatographic paper treated 
with the extracts from biologically and conventionally 
fertilized collard plants (Brassica oleracea) for sensory 
evaluation of 50 college students. The chromatograms were 
coded with two digit numbers. The results showed that it was 
possible not only to differentiate between the two 
treatments, but the test panel could even distinguish between 
different levels of the same fertilizer. This was presented 
as a methodological option in a paper published later on the 
feasibility of analytical procedures and unit operations for 
the distinction between organic, natural or conventional 
foods (Knorr, 1984).
Abele (1973) was probably the first to produce a PhD thesis 
based on formal research methods, comparing biodynamic and 
conventional approaches in terms of inputs and sowing times. 
He found significant yield and quality differences due the 
application of BD preparations. He reported yield increases 
by P501 in barley and oats, especially for partially shaded 
plants, which was interpreted as a light compensation effect 
(Abele, 1973). Spiess (1978) reported the results of 
experiments over four growing seasons (1973-76) using five 
crops: spring and winter wheat, maize, carrots and sugar 
beet. He found that whenever the yield levels were low, the 
application of BD field sprays P500 and P501 significantly 
increased them (up to 27% in carrots); whereas no significant
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effects, or even a slight yield decrease, were observed at 
higher yield levels. Spiess (1979) himself discussed this 
effects and suggested them to be defined as "the yield 
normalisation" or regulatory effect of the BD field sprays. 
This dual or polar mode of action of the BD field sprays on 
yields does not seem to apply to quality parameters, though. 
Samaras (1977) used the carrots from Spiess's 1975 field 
trials for storage assessment experiments. His results show 
that the use of the BD field sprays (in two levels of 
intensiveness) significantly decreased storage losses, 
increasing the net after storage yields by 18 and 27 %, 
although the fresh yields at harvest time were between 1-2% 
lower (Table 2.8).
Table 2.8. Effect of BD field spray preparations P500 + P501 on 
harvest fresh and after storage yields of carrots (modified from 
Samaras, 1977) ■___________________________________________________' ' / •

Evaluated BD sprays - Treatment Level
Parameters None Normal Intensive

Harvest Fresh Yield (t.ha1) 109 107.5 107.1
Equivalent Fresh Yield % 100 99 98

Weight Loss % 33.5 28.50 26.2
Spoilage % 28.2 20.4 16.6

After Storage Yield (t.ha'1) 52 61.2 65.9
Equivalent Stored Yield % 100 118 127

In research carried out for the German Ministry of 
Agriculture, Abele (1987) intentionally stored conventional 
and biodynamic carrots under adversely high temperature 
(25°C) and relative humidity (close to 100%). After two 
months, while carrots from conventional plots almost 
completely decomposed, the biodynamic carrots had hardly 
changed in appearance. Schultz et al. (1992) have also found 
that treating carrots with biodynamic preparations before 
storage led to significantly reduced storage losses. Kotschi 
(1980) also investigated the effects of BD sprays P500 and 
P501 on spring wheat, potatoes, oats and field beans during 
two growing seasons (1977-78). He also concluded that the BD 
field sprays could show a clear effect only when nutrient 
availability was below the optimum level, arguing that the BD 
preparations have a compensatory interaction with nitrogen 
fertilizer use.

84



Raupp and Konig (1996) re-analysed data from a total of 28 
trials from the above-mentioned works of Spiess (1978) and 
Kotschi (1980), together with their own results from nine 
years of experiments with spring wheat in a crop rotation 
scheme, comparing the effects of mineral (chemical), organic 
(composted cattle manure) and biodynamic (the same compost + 
all BD preps) treatments, based on equivalent nutrient- 
element dressings (especially N levels of 60, 100 & 140 
kg.ha'1) . Data were transformed to percentages of a basic 
yield for each crop, to allow comparisons. Results led to the 
conclusion that BD preparations cause opposite yield effects 
depending upon yield levels, in the same sort of compensatory 
way observed by Abele (1973), Spiess (1978) and Kotschi 
(1980): significant effects on yield increases or decreases 
were present only at the lower and higher ends of the yield 
spectrum. However, the authors did not agree to fit the 
observed phenomena into a consistent theoretical model, due 
to variable interactions with a complex of genetic and 
environmental conditions that "can be regarded altogether as 
a living system or an organism of a higher order" (Raupp and 
Konig, 1996).
Attempting to advance in the explanation of these phenomena 
involved in biodynamic and organic methods, an European 
Commission (EC) funded research framework project co
ordinated by the Institute for Biodynamic Research (IBdF, 
Darmstadt, Germany) in collaboration with the Institute for 
Organic Farming of the University of Bonn (IOL-UniBonn), is 
currently conducting research on the main effects of various 
organic and mineral fertilisation on soil organic matter 
turnover and plant growth. Annual proceedings of the group's 
meetings are published with the relevant project reports and 
results (Raupp ed., 1995b). Raupp (1995a) reported on the 
"Soil Parameters of the K-trial", a comparative study pooling 
data from both the IbdF's above mentioned 9-year long spring 
wheat rotation trials and the similarly designed experiments 
of the other project partners. One of these is IOL-UniBonn's 
study on the effects of intensified mineral and organic 
fertiliser and biodynamic preparations on yield, quality and 
shelf life of potatoes, which could find some significant 
differences between the three basic treatment systems
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(agrochemical, organic & BD) in terms of electric 
conductivity of tuber tissue extracts and based on a somewhat 
complex "Quality Index", which combines various tuber quality 
parameters (Schulz & Kopke, 1995a&b).
Groups in Finland and Sweden are working also on the 
relationships between fertilisation, crop yield and quality 
and the development of product quality in ecological 
agriculture, also based on medium and long-term comparisons 
of the three basic systems (Granstedt, 1995/ Roinila & 
Granstedt, 1995). Additionally, in Switzerland, the results 
of comparative trials on the long-term effects of biodynamic, 
organic and conventional farming systems on soil conditions, 
yield and product quality point out that the BD preparations 
are responsible for quality differences where no contrasts 
were clear between the organic and conventional samples 
(Alfoldi et al., 1995). The same applies to Staiger's (1988) 
work on the nutritional value of foods from conventional and 
biodynamic agriculture. Nevertheless, the problem with most 
of this kind of research is to set up designs and methods 
that can identify comparative advantages of one or more 
systems or techniques, which are directly relevant for 
farmers and consumers, as parameters like electric 
conductivity and complex indices look somewhat distant for 
non-researchers.
In Brazil, Sponchiado (1995) has found a significant effect 
of the BD preparations on the flavour and general quality of 
passion-fruit, in her independent field trials at the reputed 
Federal University of Vigosa.
Koepf (1993) has produced a good review on general research 
methods and results in Biodynamic Agriculture, some of which 
are discussed in the sequence. Spiess (1990) has found some 
significant differences in his chronobiological 
investigations correlating sowing dates and lunar rhythms on 
the growth of Winter Rye and Radish, as previously mentioned 
in item 2.5.1 on cosmic influences.
Koepf (1966) designed the first experiments treating liquid 
manure with a mixture of BD preparations. Treated samples 
0ffered better nutrient contents than untreated controls. 
Goldstein and Koepf (1982) obtained a polar effect in

86



relation to root shapes and differential growth between P505 
and P507 treated wheat seedlings. While P505 promoted lateral 
growth and branching, P507 stimulated spindle growth, with 
fewer and predominantly long vertical roots.
Deffune (1990) compared the effects of humic acids (HAs) with 
three bio-dynamic preparations and a positive control using 
indoleacetic acid (IAA) on wheat seedlings axenically grown 
in a complete nutrient solution based on Murashige & Skoog 
salts (1.15 g.l"1), treated "blind" with three dilutions of 
each substance, in a factorial design, as shown in Table 2.9.
Table 2.9. Treatment dilutions expressed as exponential 
concentrations in Axenic Trial: a RCB factorial experiment with 7 
treatments (3 humic acids, 3 BD preparations and IAA) at 3 
dilutions, with 3 replications and 3 added water controls (batch
OI fob units ; .

Batch 66u low medium high
Humic acids 0.2 x 10~3 0.2 x 10"11 0.2 x 10"2b
BD preps 10~3 10'11 10_z5

IAA 10'8 10'11 10"25

The BD preparations tested were P500 (horn-manure), P505 (oak 
bark) and P507 (valerian flowers' extract) . IAA was used to 
check for inhibition or stimulation effects due to the 
presence of auxins in the BD preps (Audus, 1972 and Wain, 
personal communication). The HA concentrations were defined 
as 20% of the ones used for the BD preps, according to the 
average proportion found in decomposed organic material 
(Witter, 1986) and the limitations in humic acid uses in 
water and soil research (Stevenson, 1982; Malcolm, 1986).
Shoot height, total root length, fresh and dry weights were 
the evaluated parameters. Significant results in terms of 
seedling dry weights and shoot heights using statistical 
contrasts of interest were as follows:
• Humic acids performed better in the low dilution level, 

which is consistent with their known capacity to stimulate 
plant growth by lowering water surface tension and 
enhancing root surface activity (Vaughan and Malcolm, 
1985; Vakhmistrov et al., 1986).

87



• The BD preps produced their best results at different and 
contrasting dilutions: Medium for P500, High for P505 and 
Low for P507, indicating different modes of action.

• IAA surprisingly performed best at the High dilution for 
all parameters, instead of its generally accepted optimum 
concentration in the order of [10"u ].

Rhythmic stirring was essential for the effectiveness of the 
dilutions. The proposed explanatory models for the activity 
of high dilutions, which were above Avogadro's number, are 
part of a preliminary theory on ultra-high dilutions (Schulte 
and Endler, 1994), involving hypothetical electro-magnetic 
imprint in water's molecular configuration (Unger, 1970). 
This subject will be dealt with in item 2.6.1.1.
Schikorr (1994) has found significant differences between 
dynamized and unstirred BD field spray preparations in a 
comparison of different methods of stirring.
Peterson & Jensen's works (1985 & 1986) on composition (see 
Table 2.7), properties and effects of nettle water on growth 
and mineral nutrition of plants using comparative (with an 
equivalent control nutrient solution) pot and water-culture 
experiments, show that the 0.17% (10X dilution on a DW basis) 
U. dioica extract caused the best significant growth 
increases in wheat, barley and tomato plants, for the 
following parameters: average 20% higher shoot fresh weight, 
15% higher shoot N and chlorophyll contents. Soil respiration 
was more than twice as high in the pot substrate treated with 
nettle water and pH was also about two units higher than in 
the nutrient solution treatments. The growth-stimulating 
effects of nettle water were attributed to the presence of 
auxins and more available chelated nutrients, associated to 
beneficial microbial activity and organic matter properties 
(Peterson & Jensen, 1986).
In his PhD dissertation, using electro-micrographs, Raupp 
(1985) found positive effects of different horsetail extracts 
on the cell silica contents and the structure of the 
cuticular wax cover of the banner-leaves of wheat, in terms 
of enhanced cell wall resistance. He also reported 
anticipation effects on grain starch filling in barley.
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Koop (1993) evaluated the comparative influence of 
agrochemical, organic and biodynamic fertilizer use methods 
on soil microbiological indicators and on the C and N 
dynamics in both field and laboratory experiments. He found 
that the BD preparations complemented the stimulating effects 
of organic practices on microbial activity, as observed by 
other research groups (Bachinger et al., 1993), which have 
also taken root development into consideration.
Oberson et al. (1996) studied microbiological processes in 
soil organic phosphorus transformations under biodynamic, 
organic and conventional systems, plus a mineral fertilizer 
treatment and a control. Residual organic P remaining in the 
soil at the end of the sequential fractionation procedure 
showed that the biodynamic treatment in particular, led to a 
modification of the composition of organic P. Labile organic 
P (extracted by 0.5M NaHC03), organic P (in 0.1M NaOH) and 
total residual P all showed temporal fluctuations. As total 
residual P consists of over 70% organic P, it can be assumed 
that residual organic P contributed to these variations. This 
result indicates that chemically resistant organic P 
participates in short-term accumulation and mineralization 
processes. The higher values for biological soil parameters 
in the biodynamic and organic treatments were explained by 
the importance of manure and the ecological plant protection 
strategies. The level of phosphatase activity and 
mineralization of organic C indicated a higher turnover of 
organic substrates, and thus of organic P, in the biodynamic 
and organic treatments. Biological parameters were shown to 
be critical for assessing the significance of organic P in 
the soil P turnover.
Earthworm, ground beetle and other epigaeic arthropod 
populations were also found to be significantly higher under 
biodynamic and organic production systems, as compared to 
conventional farming methods in a number of research works, 
as follows: In a long-term trial, the earthworm populations 
of two biological farming systems, two conventional systems 
and one unfertilized control treatment were compared in a 7- 
year crop rotation on a Luvisol from loess. Nicodrilus 
longus, N. nocturnus, N. caliginosus and Allolobophora rosea
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were the dominant earthworm species in all treatments. The 
earthworm biomass and density, the presence of anecic species 
and the number of juveniles were significantly higher in the 
biological than in the conventional and control plots 
(Pfiffner & Mader, 1997).
During a three year study taking conventional plots as a 
comparison standard (100%), biodynamic plots contained 193% 
of epigaeic arthropods and organic plots 188%. The activity- 
density of carabids, staphylinids and spiders was always 
higher in the biodynamic and organic than in the conventional 
plots. The average carabid species number was also higher in 
the biological plots: biodynamic plots contained 18-24 
species, organic plots 19-22 species and the conventional 
ones 13-16 species (Pfiffner & Niggli, 1996).
Another study in Germany (1983-86), found a species 
composition difference in the comparison between biodynamic 
and conventional cereal field management on Erigoninae and 
Lycosidae spiders. The percentage of the two most commonly 
sampled species (the erigonines Oedothorax apicatus and 
Erigone atra) was 66% in biodynamic and 81% in conventional 
fields. Their activity densities were usually higher in 
conventional than in biodynamic fields. By contrast, all 
other spiders were more common on biodynamic fields. Lycosids 
constituted 11 and 2% of the samples on biodynamic and 
conventional fields respectively (Glück & Ingrisch, 1990) .
Some works specifically compared soil quality and 
profitability of adjacent groups of biodynamic and 
conventional farms over periods of several years, in 
different parts of the world (Reganold et al., 1993 & 
Reganold, 1995). Biodynamic methods proved in most cases to 
promote better biological and physical soil quality: 
significantly greater soil organic matter contents, higher 
CEC (21.5 versus 19.6 cmol.kg"1 of cation charge, p<0.01), 
better soil structure, lower bulk density, easier 
penetrability, 2.2 cm average thicker topsoil, more microbial 
activity (mean soil respiration of 73.7 versus 55.4 plC^-g'1) 
and earthworms (average of 175 individuals weighing 86.3 g.irf 
2, against 21 & 3.4 g.m"2 in conventional farms). BD farms 
were often just as financially viable as their neighbouring
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conventional and the two average regional representative 
conventional farms selected for each farm pair or set, with 
less year-to-year variability in gross margin, i.e., more 
economic stability - one of the most significant
characteristics of sustainable farming systems.
A large-scale (16 ha) long-term trial to compare organic, 
biodynamic, integrated and conventional broadacre farming 
systems for attributes of sustainability was started in 1989 
at the Department of Agronomy and Farming Systems of the 
University of Adelaide (Roseworthy Campus, Australia). 
Through the monitoring of indicators such as soil physical, 
chemical, and biological changes, product quality, economics, 
crop and water usage, and energy requirements, the
comparative advantages or disadvantages of each system are 
being evaluated in terms of productivity, profitability, and 
environmental sustainability. After 6 years, the research 
team reported that significant differences between systems 
were apparent in economic returns and soil-available 
phosphorus levels. The biodynamic treatment presented the 
highest gross margins, followed by conventional, organic, and 
integrated. Conversely, available P levels on the biodynamic 
and organic treatments had declined by 12 and 9%, 
respectively, since the start of the trial, while both the 
integrated and conventional treatments had increased soil P 
levels. Weed management remains the impediment to high 
production levels on the organic and biodynamic treatments, 
while input costs, variable yields, and low returns for 
grazed pastures have been major constraints to high economic 
returns on the integrated and conventional systems (Penfold 
et al., 1995) .
Another biodynamic technique (Steiner, 1974 & 1988, Thun,
1983; Thun et al., 1996) - a sort of "environmental ash-
vaccine" using the burnt (or decomposed) remains (straight or 
diluted) of either pests (e.g.; whole arthropods, mammal 
skins) or the weeds' reproductive organs (e.g.; seeds, 
tubers, stolons), has shown promising results according to 
preliminary investigations on the control of bracken 
Pteridium aquilinum (Smith, 1995). This is perhaps the only 
BD technique that can be branded "antagonistic", though it is
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rather directed to discourage or inhibit excessive 
multiplication of specific organisms to a "pest level", than 
to actually eliminate them (Koepf et al., 1996).
Last but not least, a report on the 1995 annual seminar held 
by a distinguished group of French biodynamic winemakers 
testifies on their commitment not only to preserve their- 
highly valuable vineyards and soils, but mainly to produce 
high quality wine (Pinguet et al., 1996; Joly, N. 1999).
Amongst them is Vosne-Romanees' Domaine Leroy, one of the 
world's top quality wine producer and co-owner of Romanee- 
Conti, one of the most (if not the most) famous and sought- 
after wines of the world (Robinson, 1994 & 1995a&b).

2.6. Applied Allelopathy and Hormesis
Besides the direct dependence of plants on general 
environmental conditions like climate, competition, nutrient 
elements and source-substrate compounds (e.g.; water, humus, 
soil) other kinds of influences are relevant. They are due to 
both intra and interspecific interactions that are more of a 
qualitative nature, than the straightforward general 
competition for resources and the polar extremes of either 
predation or fatal infection, passing through the three 
intermediate stages of symbiosis (mutualism, commensalism and 
parasitism), which are today considered as evolutionary 
mechanisms (Margulis, 1970 & 1995).
The effects of non-nutritious natural substances both present 
in the environment and produced by living organisms on the 
growth of plants have long been known. In times as early as 
Theophrastus' (ca. 374-287 BC, Aristotle's disciple and 
successor), this classical philosopher and naturalist stated 
that chick-pea (Cicer arietinum) does not reinvigorate the 
ground as other legumes do but exhausts it instead and that 
it also destroys weeds - "above all and soonest caltrop"
(Tribulus terrestris). Pliny, the Old (Caius Plinius 
Secundus, 1st Century AD) in his voluminous Historia 
Naturalis, reported that chick-pea, barley (Hordeum vulgare), 
fenugreek (Trigonella fcenum-grascum) , and bitter vetch (Vicia 
ervilia) all "scorch up" cornland. He also stated that the 
shades of the walnut tree (Juglans regia, apparently), the

92



stone pine, silver fir and spruce "are undoubtedly poison for 
any plant", including in his discussion the concepts of 
partial exclusion of light and the effects of competition on 
nutrition, besides a clear awareness of the release of 
chemicals by plants ("blend of scents or of juice"), in many 
other cases of interaction between both wild and cultivated 
plants (Rice, 1984).
Also the beneficial interactions have been known for a long 
time, being the basis of the "companion plants" concept, as 
seen in Browne's "Garden of Cyrus", published in 1658 (Keynes 
1929): "the good or bad effluviums of vegetables promote or 
debilitate each other". The Swiss botanist Pyrame de Candolle 
(1778-1841) proposed that soil sickness might be caused by 
plant exudates and that proper crop rotations could alleviate 
the problem. He also observed the incompatibility between rye 
and wheat.
These and other examples cited by Rice (1984), show that both 
specialists and farmers have had a reasonably clear awareness 
of allelopathic effects for over 2,000 years. This awareness 
of the potential roles of allelopathy in agroecosystems is 
currently growing in most parts of the world (Chou, 1990; 
Nemoto et al., 1993; Deffune, 1991 and Mejia, 1995).
This class of phenomena was first defined as allelopathic by 
the German researcher H. Molish in 1937, referring to both 
inhibitory and stimulatory biochemical interactions, between 
all types of plants including micro-organisms. Another 
definition of allelopathy is "the influence of one plant upon 
another under natural conditions and exerted by chemical 
means other than nutritional ones" (Evenari, 1961; cited by 
Audus, 1972), thus excluding competition and considering the 
effects due to the release of chemicals in the environment. 
Some authors though, question the practical possibility of 
separating resource competition from allelopathy in natural 
systems (Inderjit & del Moral, 1997).
Rice (1984) uses the term "interference", suggested by Muller 
in 1969, to refer to the overall influences between plants 
(although it can be applied to organisms in general), 
encompassing both allelopathy and competition. He remarks 
that both negative and positive allelopathic effects have to
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be considered, for they seem to be separated by quite a thin 
line and apparently most, if not all, organic compounds that 
are inhibitory at some concentrations are stimulatory to the 
same processes in higher dilutions (Rice, 1984).
This sort of phenomena can be included in the more recent 
concept of Hormesis: the stimulation of growth by low levels 
of inhibitors or dose dependent reverse effects of low and 
very low doses of the same substances (Stebbing, 1982; 
Oberbaum & Cambar, 1994), a concept which is quite clearly 
expressed in the homoeopathic motto similia similibus curantur 
and its diluted applications (Cairo, 1965).
In biodynamic farming, dynamic measures or techniques are 
also used in a "hormetic" sense, which will be discussed in 
the next section, besides the application of veterinary 
homoeopathy to animals, which is recommended as well (Koepf et 
al., 1976 & 1996, Schaumann, 1987). Furthermore, modern 
pharmacology calls 'biodynamic' the properties of medicinal 
agents or constituents to effectively cause physiological 
responses in organisms (Schultes, 1972; Schultes & Reis; eds. 
1995).
Thus, either allelopathic interactions can be defined as dose 
dependent biodynamic interferences, or biodynamic effects can 
be considered as induced allelopathic interactions. This 
open-ended perspective will be further analysed in Chapter 13 
(General Discussion) in the search for theoretical models to 
fit in our experimental results.
Besides the better known allelochemical processes involved in 
plant-plant and plant-microbe (both symbiotic and 
phytopathogenic) interactions, other less obvious but equally 
important allelopathic effects have been identified in 
relation to soil properties (Inderjit & Mallik, 1997). The 
same applies to both beneficial and phytophagous fauna 
present in agroecosystems, including insects and other 
arthropods, nematodes and earthworms (Antoniolli & Giracca, 
1993). These aspects will be discussed in section 2.6.6.
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2.6.1. Allelopathic and Biodynamic Modes of Action
The next step in acquiring knowledge of natural allelopathic 
phenomena was the attempt to apply it in agroecosystem 
management. This is the subject of research works and books 
proposing disease and pest control with naturally occurring 
chemicals and plants with allelopathic properties in farming 
and gardening, besides the better known biological control of 
weeds using insects and of the latter using microbial agents 
and pheromones (Nordlund et al., 1981; Bosch et al., 1982;
Grainge & Ahmed, 1987; Bernays, 1991; Metcalf et al., 1992; 
Rice, 1983 & 1995) .
As the use of both multicropping and plant extracts was 
already familiar to most traditional peasant communities, the 
method was further "tested into practice", especially by the 
rural extension teams in the developing countries (Grainge & 
Ahmed, 1987; Pio et al., 1984; Deffune, 1991; Deffune et al., 
1992). The recollected results were then analysed and 
sometimes investigated by research teams (Guerra, 1985; 
Almeida, 1988). They constitute what was later branded 
Applied Allelopathy in training courses, papers and books 
(Deffune, 1991 & 1995; Rice, 1995).
The biodynamic method was surely the first to apply extracts 
and natural solutions - the "preparations" - as part of a 
recommended set of techniques (Koepf et al., 1976). 
Furthermore its first steps toward an experimental systems 
approach (Kolisko & Kolisko, 1978) and the concept of 
"agricultural organism", show a clear affinity with modern 
agroecology and applied allelopathy.
Nevertheless, there is a polar contrast between the 
biodynamic and the current allelopathic approaches: while the 
latter looks for antagonistic compounds to fight off weeds, 
pests and diseases, the former rather interprets them as 
unbalance indicators, signal-responses of the agroecosystem 
accusing deficient agricultural management, which calls for 
holistic solutions in a wider sphere, to recover the organic 
balance of the farm-individuality.
The biodynamic preparations are intended to regulate soil- 
plant edapho-metabolic processes and stimulate the hosts'
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natural defences instead of antagonistically combating 
competitors and parasites (Koepf et al., 1996).’ Furthermore/ 
in a unique mineral- or plant-to-plant homoeopathic approach, 
the BD preparations are intended to stimulate in cultivated 
plants the same adaptive and metabolic processes found in a 
more highly developed level in medicinal and wild species, 
instead of the current mineral- or plant-to-animal 
homoeopathic mode of action, that means to stimulate opposed 
therapeutic reactions. This polar inversion of dynamic 
activity in the respective interactions within the plant 
kingdom and between the plant and animal kingdoms, is 
consistent with Steiner's (1974 & 1988) basic concept that 
both plants and the "agricultural individualities" should be 
considered as "organisms standing on their heads" or "upside- 
down" entities, as compared to our conventional view based on 
humans and animals. This concept takes into account the 
multiple physiological and environmental polar 
complementarities between plants and animals, so fundamental 
for planetary equilibrium (Lovelock, 1988 & 1991),the most 
important of which is probably the one between photosynthesis 
in the branched-out aerial plant organs and nerved leaves, 
and respiration in the branched-in animal bronchioles and 
alveoli (Sir Francis Edmunds, personal communic. 1987; Koepf 
et al., 1976 & 1996, Schaumann, 1987).
The only possible exception to this non-antagonistic rule of 
the BD mode of action, is the use of ashes made of burnt 
animal pests or weed seeds, which are rather intended to 
limit, discourage or reduce excessive reproduction or 
multiplication of weed and pest populations, by interfering 
with their adaptive connections with the surrounding 
environment (Steiner, 1974 & 1988; Maria Thun, 1983 personal 
communication; Smith, 1995). This method can be compared to a 
"vaccine-immunization of the agricultural organism" through a 
dilute sort of inoculation of heat-treated or decomposed 
remains of the noxious agent. This also fits into the concept 
of Hormesis, although it rather deals with the inhibition of 
hypothetical reproductive forces, than with biochemical or 
auto-immune reactions (Koepf et al., 1996).
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An important point of all biodynamic techniques is their 
eminently endogenous nature - the preferential provision of 
all possible ingredients or components and their preparation 
from inside the agricultural unit or region where they are 
applied (Smith, 1993; Koepf et al., 1996).
On the other hand, there is a current tendency in alternative 
agricultural circles for "natural panaceas", like plant and 
algal extracts, "microbial cocktails", "magical earthworms" 
and "secret formulas", which with rare exceptions, lack 
rigorous experimental basis. The main methodological 
deficiency in the studies with the so-called "effective 
micro-organisms" is their use in conjunction with 
recognizedly efficient organic fertilizers, like compost and 
green manures, without proper controls (Sangakkara & Higa, 
1992, 1995 & 1996; Daly, 1996; Tokeshi et al., 1996). 
Furthermore their inherent "external input" nature is in 
contradiction with the paradigm of "endogenous process 
technology", central to the concept and practice of 
sustainable agriculture (Smith, 1993; Koepf et al., 1996).
The same applies to the use of commercial humic acids: their 
mode of action and efficiency do not justify their 
application in purified form (Waksman, 1936; Syltie, 1985; 
Vakhmistrov et al., 1986), instead of home-produced compost- 
humus, with all additional benefits of organic matter 
(Kononova, 1966, Kiehl, 1979). Even though the use of 
commercial organic biostimulants in low-input sustainable 
agriculture may have shown some positive results (Russo & 
Berlin, 1990; Poincelot, 1993), any attempt of technological 
monopoly through patents and the like, must be considered 
with care and from a critical and experimental perspective.
In this context, Steiner (1974 & 1988) remarked that one 
should not expect the improvement of either manures or soils 
by the simple inoculation of micro-organisms, for their 
colonies are in fact no more than dependent collaborators and 
biological indicators of the more or less suitable 
environmental conditions and management. This is confirmed by 
all recent research in composting (Kiehl, 1979; Deffune, 
1993; Sequi, 1995; Stentiford, 1995) showing that controlling 
the main parameters (mentioned in item 2.3.1.2) promotes a
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natural selection and multiplication of the locally adapted 
microbial communities. The same applies to current soil- 
microbiological research that shows the primary importance of 
proper organic and biodynamic soil management over 
mycorrhizal and general microbial population and activity, 
although development of locally adapted and selected 
microbial colonies remains an open question to be evaluated 
in terms of both practical and economic efficiency (Waksman, 
1952; Krassilnikov, 1961; Koop, 1993; Bachinger et al., 1993; 
Ryan et al., 1994; Smith & Read, 1997).
Thus, it seems that the way forward in both allelopathic and 
biodynamic research resides in the study of the seemingly 
ubiquitous interplay between stimulation and inhibition 
(Levitt & Lovett, 1985) - a field that is presently enriched 
by the recent discoveries in induced mechanisms of systemic 
resistance like ISR and SAR (Ryals et al., 1994; Noronha et 
al., 1989; Métraux et al., 1993; Doubrava et al., 1988; 
Sticher et al., 1997).
The actual manipulation of these phenomena concerns the 
effects of very small amounts of highly active biological 
substances on plant growth (Syltie, 1985) and can involve the 
application of homceopathic methods in agriculture (Scofield, 
1984; Lovett, 1991).

2.6.1.1. Dynamic Elicitation and Ultra-High Dilutions
Although both allelopathic agents and BD preparations work at 
still ponderable concentrations, there are indications that 
active ingredients could be more highly diluted to 
economically treat more extensive areas (Steiner, 1974 & 
1988, Thun, 1983; Thun et al., 1996), maintaining their 
effectiveness in properly tested application levels (Deffune, 
1990; Smith, 1995).
The hypothesis of the existence of dynamic effects is an 
attempt to theoretically explain the activity of substances 
diluted beyond the threshold of mass action effects, in the 
so-called called ultra-high dilutions or UHD (Endler & 
Schulte, eds., 1994). Ultra-high dilutions are the same as 
ultra-low concentrations of substances that remain 
biologically active beyond the physico-chemical mass-action
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limits established by "Avogadro's Number" (6.023 x 1023 
molecules.mol"1), i.e., concentrations lower than the order 
of 10~24.
In homoeopathy and biodynamics these concentrations are 
usually expressed as potentised decimal dilutions, like D24 
or 1024 (log 24); or centesimal dilutions, like C24 or 10 0 24 .
Effective ultra-high dilutions were observed mainly in 
aqueous, but also in alcoholic solutions, suspensions and 
lactose triturations, common in homoeopathic remedies (Netien, 
1962; Cairo, 1965; Unger, 1970). By analogy, their effects 
could be present in any diluting medium (sugars, chalk, 
silica, ashes) that can be maintained at reasonably neutral 
levels of physiological (e.g., therapeutic, hormonal, 
allelochemical) activity, depending on the organism treated. 
This can be achieved either by using a universal chemically 
neutral solvent like water, or .through energetically 
insignificant low amounts of active substances like alcohol 
or sugars (Schulte & Endler, 1994).
So, a few litres of water or kilograms of ashes, chalk or 
silica, applied to a natural landscape or an "agroecological 
farm organism" of several hectares, represents very much the 
same innocuous dose as a few drops of water or milligrams of 
sugar to a human organism (Thun, 1983; Koepf et a2., 1996).
Unger (1970) was one of the first to suggest explanations for 
the effects of potentised remedies in terms of electro
magnetic modifications imprinted in the molecular structure 
of the diluting medium, based on the recent achievements in 
this area of modern physics. The subject was more recently 
re-approached both experimentally and theoretically by a 
multidisciplinary research co-operation enterprise which 
resulted in the book "Ultra high dilutions - physiology and 
physics", edited by Endler and Schulte (1994).
The preliminary elements of a theory on UHD suggest as one of 
its explanatory hypotheses the capacity of solvents, like 
water and alcohol, or general diluting media, like sugars and 
ashes, to retain the properties of the substances diluted in 
them, as a sort of electro-magnetic imprint in their 
molecular configurations, that can have its effects either
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amplified or diminished depending on the levels and methods 
of dilution (Schulte and Endler, 1994).
The subject is once more related to the concept of hormesis, 
because of the dose dependent nature of the effects observed 
in most cases (Oberbaum & Carnbar, 1994). Experimental works 
providing such evidence, used plant models exposed to serial 
dilutions of metals and salts in many occasions (Netien, 
1962; Boiron & Zervudacki, 1962; Mansvelt & Amons, 1975; 
Pongratz & Endler, 1994) . But it was a very specific series 
of double-blind trials using a wide range of both decimal and 
centesimal serial dilutions of antiserum against Immuno
globulin E (IgE), that generated the most controversial 
debate on the subject (Davenas et al., 1988). The anti-IgE 
triggered human basophil de-granulation in a typically 
hormetic stimulation and inhibition cyclic, repetitive 
pattern in dilution levels far beyond Avogadro's No.
Parallel work by Poitevin et al. (1988) could show an in- 
vitro pattern of immunological human basophil de-granulation 
to be modulated by different dilutions of both lung histamine 
and bee-sting poison {Apis mellifica) . In both works rhythmic 
stirring of dilutions proved essential for positive results.
Benveniste et al. (1991) tested the hypothesis of an oxi- 
reduction reaction by the atmospheric oxygen dissolved during 
the agitation step of the dilution process, which was 
proposed to explain the effect (achromasia) of highly dilute 
ligands on basophil staining by toluidine blue. Two in vitro 
blind experiments were conducted. The first assessed the 
number of human basophils after incubation with distilled 
water or human anti-IgG or anti-IgE antisera, all diluted 
down to log 30. Only the anti-IgE dilutions provoked basophil 
achromasia whereas anti-IgG and distilled water, which 
underwent the same process of dilution/agitation, were 
ineffective. In the second, basophils were incubated with an 
anti-IgE antiserum after treatment with either Apis mellifica 
or NaCl, both highly diluted/agitated. A significant 
inhibition of the IgE-induced achromasia was observed with 
Apis mellifica dilutions but not with the NaCl ones. Thus 
agitation and the resulting oxygenation were considered 
insufficient to explain the biological effects of highly
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dilute ligands (Benveniste et al., 1991), once more pointing 
to water's electromagnetic memory hypothesis (Schulte & 
Endler, 1994) . Popp et al. (1994) found evidence of 
nonsubstantial biocommunication in terms of a 
bioelectrodynamic theory, which can contribute for the 
explanation of such phenomena.
Incredible as it may seem, this kind of explanations are 
corroborated by the discovery of some amazing properties 
water can display, under conditions that can be ultimately 
considered as generated by special ways of stirring it. Crum 
and Suslick (1995), reported on a number of research works 
using ultrasound to produce light-emitting water bubbles, 
which were found to reach temperatures higher than 7,000 K - 
as hot as the surface of the Sun. The process is called 
Sonoluminescence and is caused by the acoustic cavitation 
phenomenon of collapse of microscopic bubbles. It is already 
applied in the Sonochemistry technology, which among its many 
applications is used for producing the valuable amorphous 
alloys, difficult to produce otherwise.
Schwenk (1996), whose work on the creation and applications 
of flowing forms and surfaces in water and air was partly 
inspired by Steiner's ideas, has hypothesized on the 
importance of water's unique properties as the explanation 
for its fundamental role in living organisms (Schwenk & 
Schwenk, 1989), a question that was similarly raised more 
than a century ago in a report to the Royal Society Water 
Research Committee (Frankland & Ward, 1894).

2.6.2. Chemical Mediators: Hormones and Semiochemicals
The allelopathic and hormetic phenomena described so far, be 
it due to higher or lower concentrations of active 
substances, depends basically on these messenger or 
signalling chemical compounds or elements that can be 
collectively classified as chemical mediators.
There is an astounding diversity and complexity of chemically 
mediated interactions in both the natural and agricultural 
environment. These interactions can be understood as a 
dynamic and evolutionary process of transmitting and decoding 
chemical messages (Price, 1981), that elicit direct responses
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in the metabolism (e.g.; nervous and/or endocrine systems of 
animals; enzymatic and/or genetic triggering in plants) of 
the receptor organisms. The agents or messengers for these 
stimuli are called chemical mediators or mediochemicals 
(Luque, 1999 personal communication).
One example of the importance of chemical mediators is in the 
plant-herbivore-parasitoid interactions, which were found to 
be regulated by a variety of sesquiterpene hydrocarbons, 
especially dichloromothane, which is primarily produced by 
intact leaves of the plant Aristolochia arcuata. The 
sesquiterpenes are transmitted to the feeding larvae of the 
aposematic butterfly Battus polydamas and effectively attract 

ichneumonid parasitoid A&roscolis rufa through the host- 
plant's évapotranspiration (Morais & Trigo, 1995). This sort 
of phenomena, which call for specific and systematic 
classification, is part of the scientific branch of 
Chemoecology. Thus, the chemical mediators between organisms 
can be effectively used in the 'ecological control" of pests, 
weeds and diseases (Luque, 1996).
The different complex levels of exogenous or semiochemical 
interactions and the consequent difficulties for 
gystematizing them, are illustrated in Figure 2.1.
According to their mode of action, the chemically mediated 
interactions can be classified as (Luque, 1999 personal
communication);
1. Endogenous - internal to single or individual organisms; 

e.g., hormonal.
2. Exogenous - external, between different organisms or 

individuals; i.e., semiochemical.
Hormones (Gk. hormaein, to excite) are chemical mediators 
produced by endocrine glands or internal organs and concerned 
with regulatory processes within individual organisms 
(expanding Chapman's definition, 1982), in contrast with 
Semiochemicals, which act externally in the inter
relationships between individuals.
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Figure 2.1. Interactions in a community of four trophic levels 
involving semiochemicals. Arrows are placed against the 
responding organism. Thick solid lines and solid arrows 
illustrate attraction to a stimulus (e.g., 1, 4, 11, 24). Thin 
solid lines and open arrows illustrate repulsion (e.g., 3, 13, 
17, 26). Thin dashed lines show indirect effects such as 
interference with another response (e.g., 2, 12, 19). The 
Trophic Levels are: 1) Plant community; 2) Herbivore species; 
3) Carnivore spp (predators and parasitoids); 4) 
Hyperparasitoids and Secondary Predators (from Price, 1981) .

Humans do have many hormones in common with other animals, 
especially mammals (Schad, 1977); however, there are less 
similitudes with other classes and marked differences between 
different Phyla. Arthropods - insects, for example, produce a 
great variety of hormones concerned with their specific 
physiological needs (e.g., moulting, metamorphosis), which 
are not found in other animal groups (Romoser, 1973) . This 
was the reason to separate human from animal hormones in 
Figure 2.2.
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Class Sub-Class Functional Category
7  f'1.1. Plant: Auxins, Cytokinins, Gibberelins, Abscisic Acid, etc
1. Hormones: J 1.2. Animal: Ecdysone, Juvenile and others not present in humans
Intra-individual | 1.3. Human: Adrenalin, Insulin, Thyroxin, ADH, TSH, FSH, LH, etc
chemical messengers (produced inside a single organism)

2.1.1. Sexual
c M fS.1. Pheromones: 2.1.2. Alarm
H E Intraspecific Interactions 2.1.3. Epldelctic (spacing)
E D 2. Semiochemicals: 2.1.4. Attractive, Aggregating, etc
M 1 Inter-individual <
1 V chemical messengers, 2.2. Allelochemics: 2.2.1. Allomones:
C n active between Interspecific Between Beneficial for Emitter
A 0 different organisms ^Interactions Living Detrimental for Receiver
L R Organisms 2.2.2. Kalromones:

S Beneficial for Receiver
Detrimental for Emitter

2.2.3. Synomones:
Beneficial for Both

Effects produced by Non-Living Substances — > 2.2.4. Apneumones:
^ _____________________ on Organisms Stimulatory or Inhibitory

Figure 2.2. Schematic classification of Chemical Mediators.
Besides hormones and semiochemicals, there is a third class 
of mediochemicals, which act both internally and externally - 
the elicitors, functionally related to plant hormones.

2.6.2.1. Plant Hormones and Elicitors: Stimulants or 
Inhibitors

Plant hormones or Phytohormones are can be a variety of 
substances and compounds. A plant hormone is generally 
described as an organic compound synthesized in one part of 
the plant and translocated to another part, where in low 
concentrations (e.g., <lmM and often <lyM) it elicits a 
physiological response (Salisbury & Ross, 1992). The recent 
scientific developments in Tissue Culture and Molecular 
Biology have brought new scope to the understanding of the 
way cells and organisms multiply, develop and respond to 
stimuli. This means, to a large extent, deeper knowledge on 
how the mediochemicals, namely plant hormones and elicitors 
involved in these phenomena work (Mantell, 1985; Bailey & 
Mansfield, 1982).
One thing plant hormones specifically control is gene 
expression. It is important to point out that the exact 
mechanisms by which hormones regulate gene expression are 
poorly understood. Gene expression is part of a large 
amplification process. This process involves repeated 
transcription of DNA resulting in many copies of raRNA (1st
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amplification step); mRNA is processed and enters the 
cytoplasm where it is translated many times by ribosomes into 
a gene product such as an enzyme (2nd amplification step); 
enzymes are modified to become functional and capable of high 
catalytic activity even at low concentrations. They catalyse 
the production of many copies of an important cellular 
product (3rd amplification step) .
It is likely that certain enzymes affect gene regulation 
after initial hormone binding. Secondary and tertiary 
messengers of a cellular cascade may alter genes as well. 
Hormones may indirectly control gene expression through these 
enzymes and messengers at a number of control sites such as 
transcription, mRNA processing, mRNA stability, translation, 
and post-translation (Arteca, 1996/ Salisbury and Ross, 
1992). Several different compounds act as plant hormones, as
schematically shown in Figure 2.3.

Class Sub-Class Functional Category
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A
T
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S

T
1.1. Known Groups

{1. Phytohormones: \  1.2. New Groups

1.3. Hypothetical 
Groups

2. Inhibitors:

3. Cofactors:

V
r li.

-i 2.2.
[__2.3.

1.1.1. Auxins: IAA & others
1.1.2. Gibberelins: approximately 90 GAs
1.1.3. Cytokinins: Kinetin, Zeatin & others
1.1.4. Ethylene (C2 H*)
1.1.4. Abscisic Acid (ABA)

1.2.1. Brassinosteroids
1.2.2. Salicylates
1.2.3. Jasmonates 

J  .2.4. Polyamines

’*1.3.1. Florigen 1
1.3.2. Anthesine p—  Flowering
1.3.3. Vernalin __J
1.3.4. Traumatic acid

Phenolics
Terpenoids
Others: Proline (amino-acid), etc

- <  3.2. 

L .3 .3 .

3.1. Thiam ine  

Pyridoxine 

Nicotinic Acid

► Vitamins

4. Synthethic  
Phyto-regulators

V tJLsSynthetic auxins: IBA, NAA, 2,4-D, etc 
Synthetic Cytokinins: Benzyladenine, Furfuryladenine, etc 
Ethylene precursors: ethrel, etc 
Synthetic Inhibitors: triazol, clormequat, etc 
Others: alar, enzymatic, etc

Figure 2.3. Schematic Classification of Phyto-Regulators, Plant 
Metabolic Regulators or Plant Growth Substances (after Rojas- 
Garciduenas, 1993).
Elicitor is the name given to signalling compounds of diverse 
nature that can elicit (Latin, elicio), i.e., draw out or
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evoke a latent response from cells or organisms at either the 
biochemical or molecular (genetic) level (Bailey & Mansfield, 
1982; Walker & Muir, 1995; Hahn, 1996; Ebel, 1998) . This 
concept of elicitors shows a clear affinity to that of 
mediochemicals, for both refer to interactions within or 
between organisms, respectively attributed to hormones and 
semiochemicals. In this functional aspect, many 
semiochemicals can be also considered elicitors, for the 
various classes of elicitors include oligoglucosides, 
elicitins (which are small hydrophilic cystein rich 
proteins), chemical compounds like flavonoids, tannins, 
quinones, salicylic acid, ethylene, hydrogen peroxide and 
ozone, as well as simple elements like sulphur, silicon and 
copper (Sticher et al., 1997; Estabrook & Yoder, 1998).
In the same sense, hormones can be considered a special class 
of elicitors. Furthermore, both mediochemicals and elicitors 
work chiefly at very low concentrations (or high dilutions) 
and very commonly show opposite stimulation versus inhibition 
effects at different dilutions (Rice, 1984; Hahn, 1996; 
Sticher et al., 1997).
The classic example of this kind of phenomena in plant 
sciences is the mode of action of phyto-regulators, as it is 
widely known that whereas compounds like 2,4-d (2,4-
dichlorophenoxyacetic acid, a synthetic auxin) are plant 
growth stimulators at low concentrations, in higher doses 
they act as potent plant killers or herbicides (Audus, 1972; 
Salisbury & Ross, 1978). The naturally occurring indol-3yl- 
acetic acid (IAA) is of particular interest for this present 
study, for it was the first phytohormone to be isolated by 
different research teams, from a variety of organic 
materials:
• The coleoptile of Avena sativa; maize germ oil, barley 

malt and bacteria isolated from sugarcane cultivars 
(Salkowski, 1885; Went, 1926) .

• The culture medium of certain moulds, especially Rhizopus 
suinus (Audus, 1972; Deffune, 1990).

• Human and animal urine and manures (Audus, 1972; Deffune,
1 9 9 0).
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• From the microbial decomposition of the amino acid 
tryptophan in soils and decaying organic matter in general 
(Lebuhn & Hartmann, 1993; Fuentes-Ramirez et al., 1993).

This first plant growth substance was later termed "auxin" 
(Gk auxein, "to increase") by Kogl and Haagen-Smit in 1931. 
Compounds are generally considered auxins if they can be 
characterized by their ability to induce cell elongation, 
although auxins usually interfere with other processes in 
addition to cell elongation of stem cells, but this
characteristic is considered critical of all auxins and thus 
"helps" define the hormone (Arteca, 1996; Salisbury and Ross, 
1992; Bandurski & Nonhebel, 1984). The following are some of 
£^0 responses that auxin is known to cause (Davies, 1995, 
Salisbury and Ross, 1992):
a) Stimulates cell elongation.
b) Stimulates cell division in the cambium and, in

combination with cytokinins in tissue culture.
c) Stimulates differentiation of phloem and xylem.
d) Stimulates root initiation on stem cuttings and lateral 

root development in tissue culture.
e) Mediates the tropistic response of bending in response to 

gravity and light.
f) The auxin supply from the apical bud suppresses growth of 

lateral buds.
g) Delays leaf senescence.
h) Can inhibit or promote (via ethylene stimulation) leaf and 

fruit abscission.
i) Can induce fruit setting and growth in some plants.
j) Involved in assimilate movement toward auxin possibly by 

an effect on phloem transport
X) Delays fruit ripening
l) Promotes flowering in Bromeliads.
m) Stimulates growth of flower parts.
n) Promotes (via ethylene production) femaleness in dioecious 

flowers.
o) Stimulates the production of ethylene at high 

concentrations.
Cytokinins are compounds with a structure resembling adenine, 
which promote cell division and have other similar functions
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to kinetin. Kinetin was the first cytokinin discovered, 
isolated from herring sperm and so named because of the 
compound's ability to promote cytokinesis (cell division). 
Cytokinins can be obtained both from plant tissues and 
sources as variable as yeast extracts and calf thymus (Audus, 
1972; Horgan, 1984). The most common form of naturally 
occurring cytokinin in plants today is called zeatin, which 
was isolated from maize (Zea mays) . Some of the known 
physiological effects caused by cytokinins are listed below. 
The response will vary depending on the type of cytokinin and 
plant species (Davies, 1995;Salisbury and Ross, 1992):
a) Stimulates cell division.
b) Stimulates morphogenesis (shoot initiation/bud formation) 

in tissue culture.
c) Stimulates the growth of lateral buds-release of apical 

dominance.
d) Stimulates leaf expansion resulting from cell enlargement.
e) May enhance stomatal opening in some species.
f) Promotes the conversion of etioplasts into chloroplasts 

via stimulation of chlorophyll synthesis.
Gibberellins were first discovered in metabolites of the 
pathogenic fungus Gibberella fujikuroi. Active gibberellins 
show different physiological effects, depending on the type 
of gibberellin present as well as the plant species. All 
gibberellins are acidic compounds and are therefore also 
called gibberellic acids (GA), distinguished by numbers. GA3 
has historically been called gibberellic acid but the term is 
also often used in describing all gibberellins. GA's are 
widespread and so far ubiquitous in flowering (angiosperms) 
and non-flowering (gymnosperms) plants as well as ferns. They 
have also been isolated from lower plants such as mosses and 
algae, at least two fungal species and most recently from two 
bacterial species. Over 90 GA's have been isolated, all of 
which are most likely not essential to the plant. Instead, 
these forms are probably inactive precursors or breakdown 
products of active gibberellins. Some of the physiological 
processes stimulated by gibberellins are outlined below 
(Audus, 1972; Jones & McMillan, 1984; Salisbury & Ross, 1992; 
Davies, 1995):
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a) Stimulate stem elongation by stimulating cell division and 
elongation.

b) Stimulates bolting/flowering in response to long days.
c) Breaks seed dormancy in some plants which require 

stratification or light to induce germination.
d) Stimulates enzyme production (a-amylase) in germinating 

cereal grains for mobilization of seed reserves.
e) Induces maleness in dioecious flowers (sex expression).
f) Can cause parthenocarpic (seedless) fruit development.
g) Can delay senescence in leaves and citrus fruits.
In addition to these three types of growth hormones, there 
are two closely related others, which are also called hormone 
inhibitors, for they counteract the former, balancing the 
natural development of plants and their adaptation to 
environmental conditions: abscisic acid and xanthoxin.
Abscisic acid (ABA) was first found in cotton fruits (Addicot 
et al., 1968). Though it is a potent growth and seed 
germination inhibitor that affects all the three mentioned 
groups of hormones, it has many promoting functions as well. 
ABA is a sesquiterpenoid (15-carbon) which is partially 
produced via the mevalonic pathway in chloroplasts and other 
plastids. Because it is synthesized partially in the 
chloroplasts, it makes sense that its biosynthesis primarily 
occurs in the leaves. The production of ABA is accentuated by 
stresses such as water loss and freezing temperatures. It is 
believed that its biosynthesis occurs indirectly through the 
production of carotenoids like violaxanthin. Some of the 
physiological responses known to be associated with abscisic 
acid are (Davies, 1995; Salisbury and Ross, 1992):
a) Stimulates the closure of stomata (water stress brings 

about an increase in ABA synthesis).
b) Inhibits shoot growth but will not have as much effect on 

roots or may even promote growth of roots.
c) Induces seeds to synthesize storage proteins.
d) Inhibits the effect of gibberellins on stimulating de novo 

synthesis of alpha-amylase.
e) Has some effect on induction and maintenance of dormancy.
f) induces gene transcription especially for proteinase 

inhibitors in response to wounding which may explain an 
apparent role in pathogen defence.
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Xanthoxin, which was discovered by Taylor and Burden (1972) 
in the Russell laboratories at Wye College, is the other 
endogenous growth hormone's inhibitor, formed when 
violaxanthin, a xanthophyll pigment, is exposed to light. Its 
inhibitory effects are reported on shoot and root elongation 
(Milborrow, 1984; Wain, 1984 and personal communication, 
1995; Salisbury and Ross, 1978 & 1992).
The gas ethylene (C2H4) is produced mainly by ripening 
fruits, but besides being present in plant tissues, it is 
also in soil organic matter (Penmetsa & Cook, 1997), tobacco 
smoke and illuminating (coal) gas. It was first noticed in 
1864 that gas leaking from street lights caused stunting of 
growth, twisting and abnormal thickening of stems of nearby 
plants - the so-called "triple response", which characterizes 
ethylene (Arteca, 1996; Salisbury and Ross, 1992).
Ethylene has a role in most phases of plant growth and 
development, including germination, stem elongation, leaf 
orientation, flowering, seed development, fruit ripening and 
senescence. It breaks the dormancy of tubers, buds and some 
seeds and promotes root branching (e.g., onion bulbs) and 
early flowering in pineapple, in very dilute proportions. On 
the other hand, it can promote abscission, root growth 
inhibition, stunting and epinasty. In tomato plants for 
example, it is active in concentrations as low as one part in 
60 million parts of air (Arteca, 1996; Bayer et al., 1984; 
Audus, 1972). Recent research supports the hypothesis that 
ethylene is a component of the signalling pathway controlling 
rhizobial infection of legumes (Penmetsa & Cook, 1997) .
Other compounds which affect plant growth but are not 
generally classified as hormones include brassinosteroids, 
salicylates, jasmonates and polyamines (Arteca, 1996; Davies, 
1995; Salisbury & Ross, 1992). There are approximately 60 
steroidal compounds known as brassinosteroids. They are named 
after the first one identified, brassinolide, which was found 
in mustard pollen. They appear to be widely distributed in 
the plant kingdom. Some of their effects include:
a) Stimulation of stem elongation.
b) Inhibition of root growth and development.
c) Promotion of ethylene biosynthesis and epinasty.
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Salicylates have been known to be present in willow bark for 
quite some time. They have only recently been recognized as 
potential growth regulators in plants. Salicylic acid is 
synthesized from the amino acid phenylalanine. It has 
numerous effects including:
a) Thermogenesis in Arum flowers.
b) Plant pathogen resistance, by stimulating plant 

pathogenesis related (PRs) protein production.
c) Enhancing longevity of flowers.
d) Inhibiting ethylene biosynthesis.
e) Inhibiting seed germination.
f) Blocking the wound response.
g) Reversing the effects of ABA.
Jasmonates are represented by jasmonate and its methyl ester. 
They were first isolated from the jasmine plant in which the 
methyl ester is an important product in the perfume industry. 
Jasmonic acid is synthesized from linolenic acid, which is an 
important fatty acid. Jasmonates have a number of effects 
such as:
a) Inhibition of many processes such as growth and 

germination.
b) Promotion of senescence, abscission, tuber formation, 

fruit ripening, pigment formation, and tendril coiling.
c) They appear to have important roles in plant defence by 

inducing proteinase synthesis.
There is some controversy as to whether polyamines should be 
classified with hormones. They are widespread in all cells 
and exert regulatory control over growth and development at 
very low levels. Low levels of polyamines affect plant 
development. Polyamines have a wide range of effects on 
plants. They appear to be essential in growth and cell 
division (Arteca, 1996; Davies, 1995; Salisbury & Ross, 
1992) .
This serves to illustrate how diverse are the natural sources 
of plant growth substances and their differential activity 
depending on their concentration. It also shows how narrow is 
the margin to distinguish elicitors from hormones and 
semiochemicals and that often one substance plays a multiple
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role in these three categories (Nordlund et al., 1981; Rice
1983, 1984 & 1995; Estabrook & Yoder, 1998).

2.6.2.2. Semiochemicals: Pheromones and Allelochemics
Law and Regnier (1971) proposed the term 'semiochemicals' 
(Gk. semeon, a mark or signal) for chemicals that mediate 
interactions (ranging from predator-prey to mating) between 
different organisms or individuals, across the external 
boundaries between the interacting organisms or through the 
environment (Nordlund and Price, 1981; Luque, 1996).
The variety of chemical releasing stimuli in intraspecific 
and interspecific interactions called for a proper 
terminology that was proposed by Nordlund & Lewis (1976) and 
reviewed by Nordlund (1981): intraspecific semiochemicals are 
called pheromones and the interspecific, allelochemics.

2.6.2.2.1. Pheromones (Gk. phereum, to carry; and hormaein, 
to excite or to stimulate) are substances secreted by an 
organism to the outside that cause specific reactions in 
receiving organisms of the same species.

2.6.2.2.2. Allelochemics or Allelochemicals are chemicals 
that mediate interspecific interactions, which are 
significant to organisms of a species different from its 
source for reasons other than nutrient elements and food as 
such. They are active between plants, viruses, monera, 
protista, fungi, invertebrates and vertebrates of different 
species and are functionally divided into four types, (also 
shown in Table 2.10):
I - Allomones: substances produced or acquired by an organism 
that, when they contact an individual of another species in 
the natural context, they evoke in the receiver a behavioural 
or physiological response that is adaptively favourable to 
the emitter, but not to the receiver.
The effects of the allomones between plants and microbes of 
different species can be further functionally sub-divided 
(Rice, 1984; Grummer, 1955):
A) Antibiotic: a chemical produced by a micro-organism and 

effective against another micro-organism.
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B) Koline: chemical produced by a higher plant and 
effective against another higher plant.

C) Marasmine: a compound produced by a micro-organism, 
which is active against a higher plant, term proposed by 
Gaumann (1946).

D) Phytoncide: proposed by Waksman (1952) for an agent 
produced by a higher plant, which is effective against a 
micro-organism.

Table 2.10. Functional Classification of Allelochemics
according to the response evoked in the organisms involved:
(+) Favourable, Beneficial or Stimulatory
( — ) Unfavourable, Detrimental or Inhibitory

Allelochemics: Interspecific chemical mediators
Involved Organisms: 

Allomones
Kairomones
Synomones

Emitter
+

+

Receiver

+
+

Examples
Sinigrin vs. A. 

fabae
Sinigrin vs. B. 

brassicae 
Floral Scents and 

Pollinators

Apneumones Neutral + (?> 0 1
• Meat, Musca 

domestica and 
its parasitoids

• Compost, plants 
and diseases

II - Kairomones (Gk. kairos, opportunistic): in contrast to 
allomones, chemical substances produced or acquired by an 
organism that, when they contact an individual of another 
species in the natural context, evoke in the receiver a 
behavioural -or physiological response that is adaptively 
favourable to the receiver, but not to the emitter.
III - Synomones (Gk. syn, with or jointly) : chemicals that 
mediate mutualistic interactions; substances produced or 
acquired by an organism that, when they contact an individual 
of another species in the natural context, evoke in the 
receiver a behavioural or physiological response that is 
adaptively favourable to both the receiver and the emitter.
IV - Apneumones (Gk. a-pneum, breathless or lifeless): 
chemicals emitted by non-living materials that evoke a 
behavioural or physiological reaction that is adaptively 
favourable to a receiving organism but detrimental or 
limiting to an organism of another species that may be found
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in connection or on the non-living materials. That is to say, 
apneumones can be either beneficial or detrimental, depending 
on the nature of the receiving organism.
This wide range of effects can be explained by the abundance 
and variety of active chemical compounds identified as 
allelopathic agents and the diversity of biosynthetic 
pathways that produce them, as shown in figure 2.4.

Types of Chemical Compounds Identified as Allelopathic Agents

Pyruvate

Mevalonic
acid

J. Terpenoids and 
Steroids

carbohydrate ----------
'l'

Dehydroshikimic acid 

Shikimic acidi
Amino acids

t. Cinnamic acid, 
derivatives

h. Flavonoids

I. Hydrolyzable Tannins
N

Digallic acid, etc
s

e. Gallic acid and Protocatechuic acid
d. Naphthoquinones and Anthraqulnones
k. Amino acids and Polypeptides
l. Alkaloids and Cyanohydrins
m. Sulfides and Mustard Oil Glycosides
n. Purines and Nucleosides

e. Simple Phenols, Benzoic acid and Derivatives 

g. Coumarins

I. Condensed Tannins

a. Water-soluble organic acids, straight chain alcohols, aliphatic aldehydes and ketones
b. Simple unsaturated lactones
c. Long-chain fatty acids and polyacetylenes
d. Naphtoquinones, anthraquinones and complex quinones
e. Pholoroglucinol and polyphloroglucinols

Figure 2.4 - Probable major biosynthetic pathways leading to 
production of the various categories of allelopathic agents, 
which are lettered for cross-identification (from Rice, 1984).

2.6.2.2.3. Apneumones: Organic Matter, Humic and Mineral 
Substances
Apneumones can be either considered as a sub-group of 
allelochemics, or constitute another major group, depending 
on the importance, number and diversity of interactions they 
mediate. They can be either originally mineral or mineralized 
organic substances, as well as the various intermediate 
stages of the decomposition that produce the latter: 
decaying, bio-stabilizing, humifying and humified compounds 
(Nordlund, 1981; Weyman-Kaczmarkowa et al., 1992; Hoitink et 
al., 1993 & 1995; Rice 1983, 1984 & 1995). Apneumones are
called abiotic elicitors whenever they evoke signal cascades 
leading to SAR and/or phytoalexin accumulation, as in the 
resistance obtained in brassicas to Leptosphaeria maculans 
(Rouxel et al., 1989 & 1991), and other similar responses
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elicited by Si02 preparations, mercury, copper and silver 
salts (Bailey & Mansfield, eds. 1982; Schneider & Ullrich, 
1994; Sticher et al., 1997).
Both mineral elements and organic compounds act as apneumones 
whenever they have a physiological or eliciting effect that 
is independent from and can be supplementary to their 
nutritional function. This applies to the effects of elements 
like silicon, sulphur and copper in plant disease and pest 
prevention (Narwal, 1974; Bailey & Mansfield, eds. 1982; 
Cooper et al., 1996; Resende et al., 1996). Thus, the soil is 
an important source of influences in plant growth, other than 
the nutritional ones, that generally result from a synergism 
between different factors. Especially soil organic matter, 
which besides the biological co-factors of the soil 
biocenosis, contains many active apneumones, of which humus 
and more specifically the humic acids have been the object of 
several studies related to plant growth and health (Waksman, 
1936 & 1952; Krassilnikov, 1961; Kiehl, 1979). Besides their 
key positive effects on soil water retention capacity and 
CEC, previously discussed and studied by many researchers 
(Kononova, 1966; Kiehl, 1978 & 1979; Stevenson, 1982; 
Deffune, 1990 & 1993; Vakhmistrov et al., 1986; Koepf et al., 
1993 & 1996), humic substances contain and adsorb 
considerable amounts of allelochemically active compounds, 
which can hormonally stimulate plants, suppress phyto
pathogens and repel pests, constituting an important element 
of the habitat management strategies (Schoonhoven, 1981; 
Price, 1981; Jackson, 1981; Vaughan & Malcolm 1985; Rice, 
1983 & 1984; Weyman-Kaczmarkowa et al., 1992; Hoitink et al., 
1993 & 1995).
The production of hormonal substances from soil organic 
matter through microbial activity has already been commented 
on in item 2.3. Besides the most obvious plant hormones, like 
IAA and ethylene, there are innumerable other soil 
semiochemical compounds that play a significant role in the 
multiple interactions involving plants, herbivores 
parasitoids and microbes (Penmetsa & Cook, 1997; Weyman- 
Kaczmarkowa et al., 1992; Ingham et al., 1986a&b).
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The links between environmental management and the causative 
processes responsible for either health or disease in farming 
were first suggested by Steiner (1974 & 1988) and Howard 
(1940b). Hoitink et al. (1993 & 1995) reported on the general 
suppression of plant diseases by compost, managing to 
identify some of the mechanisms of suppression of soil-borne 
plant pathogens in compost-amended substrates. These 
mechanisms refer mostly to microbial antibiosis, which is the 
actual release of microbial metabolites to suppress 
competitors, a view shared by other researchers (Weltzien, 
1990; Weyman-Kaczmarkowa et al., 1992). A simple practice 
like the use of poultry manure proved to control 
significantly Plasmodiophora brassicae - the cabbage's 'club 
root' (Velandia et al., 1998).
The age-old traditional preparations like the Bordeaux 
(basically Cu and S) and Sulpho-calcic (Calcium 
polysulphuride) mixtures, are deemed by many as the best 
pesticides ever discovered for their overall control of both 
parasitic microbes and arthropods. While moderately applied, 
they can be incorporated as soil nutrients, without 
generating the problems of pest resistance and environmental 
contamination (Guerra, 1985; Wain, personal communication 
1990). This is reinforced today by their effectiveness in 
diluted (less than 0.1%) doses as abiotic ISR and SAR 
elicitors (Rouxel et al., 1991; Resende et al., 1996). 
Suspensions or dustings of silicon-rich diatomaceous earth 
(or Kieselguhr) or the finely diluted quartz in P501 are 
reported to have a controlling effect on insect pests, either 
by mechanical damage in mandibles or wounds through the 
exoskeletal "hinges", with consequent dehydration and/or 
infections (Corrin, 1959; Guerra, 1985; Sattler & 
Wistinghausen, 1992). Furthermore, powdered Si02 preparations 
were confirmed to induce SAR in cucumber and tobacco 
(Schneider & Ullrich, 1994; Sticher et al., 1997). The same 
applies to silicon in relation to microbial diseases like the 
ones caused by Colletotrichum lagenarium in cucumber and 
Phytophthora infestans in potatoes (Chérif et al., 1993; 
Stroemberg et al., 1993; Sticher et al., 1997). The induction 
of systemic resistance to cucumber anthracnose (C. 
lagenarium) by oxalate and extracts from spinach and rhubarb
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leaves was also experimentally observed (Doubrava et al., 
1988) .
Thus, most organic fertilizers, mineral mixtures, 
allelopathic and BD preparations can be classified as either 
apneumones or abiotic elicitors, or both, depending on the 
either direct, indirect or combined nature of their effects.

2.6.3. The Role of Silicon in Soils and Biological Systems
Silicon (Si), in a proportion between 27 & 28%, is one of the 
two most abundant elements in the Earth's crust (considering 
a depth of 16 km for the Silicate Mantle = Lithosphere + 
Asthenosphere), second only to Oxygen (47-48%). Together in 
the form of Silica [(Si02)n or Si02.nH20] and combined with 
other elements as the diverse and ubiquitous silicates, they 
comprise 40-60% of the above-mentioned total (Candel Vila et 
al., 1960; Steiner, 1974 & 1988; Walker & Muir, 1995).
After the findings of Justus Von Liebig (1842) in the middle 
of the nineteenth century, identifying the sources of the 
basic mineral nutrients, a growing number of these elements 
is continuously being found to be essential. This applies to 
both macronutrients (minimum tissue DM concentrations of 
1,000 mg.kg'1) and micronutrients or trace elements, which 
are essential in very low concentrations (equal or less than 
100 mg. kg'1 of tissue DM) and often toxic to most 
unspecialized plants if found in higher-than-necessary 
proportions in either tissues, soils or growing substrates. 
However, these average "deemed adequate" concentrations must 
be taken as mere useful guidelines, due the wide variability 
among plant species and ages (Salisbury & Ross, 1978 & 1992).
Some of the least considered mineral nutrients in modern 
plant nutrition had actually been already identified by 
Liebig himself (1842) in plants' ashes - that is the case of 
Silicon. In his famous work on "Chemistry and its application 
to agriculture and physiology" (1842, 2nd edition translated 
from original German manuscript), Liebig comments on the high 
Si contents (reported as silicates of potash) he found 
especially in Equisetaceae and grasses, adding that the 'too 
high humus contents' in tropical soils of the New World, more 
specifically in Brazil, should be responsible for the lack of

117



stem rigidity and resistance to lodging observed in cereals 
cultivated there.
Probably the only other relevant reference to silicon as an 
essential element for crops, from Liebig's to relatively 
recent times (Jones & Handreck, 1967; Epstein, 1994), was 
made by Steiner in his 1924 Agriculture Course (Steiner, 1974 
& 1988) . Jones and Handreck (1967) revived the Si subject in 
a classic review on the presence of silica in soils, plants 
and animals, raising the question of its essentiality for 
some organisms.
According to Epstein (1972) there are two principal criteria 
by which an element can be judged essential or not to any 
plant: First, an element is essential if the plant cannot 
complete its life cycle (that is, form viable seeds or 
reproductive organs) in the absence of that element. Second, 
an element is essential if it forms part of any molecule or 
constituent of the plant that is itself essential in the 
plant. The controversy about the recognition of some elements 
(e.g.; nickel, sodium, selenium, cobalt) as plant nutrients, 
is actually due to the fact that they rather play functional 
roles (e.g.; as catalysts or essential enzyme components) in 
some plant species, instead of constituting a structural part 
of organs in most plants (Salisbury & Ross, 1978 & 1992; 
Epstein, 1972 & 1994).
This is what led Epstein (1972), author of one of the classic 
textbooks on mineral nutrition of plants, to write about what 
he has called "the anomaly of silicon in plant biology" 
(Epstein, 1994), for Si is both present in most plant species 
and found as an important structural constituent in many of 
them (Simpson & Volcani, eds. 1981).
Silicon is found in the soil solution and probably absorbed 
by plants in the form of undissociated or nonionized Silicic 
acid (H4Si04) that occurs around pH 8; under which conditions 
only about 2% is in the form of the silicate ion (H3Si04") . It 
is largely polymerized as hydrated amorphous "opal" silica 
(Si02.nH20), mostly in the epidermal cells of higher plants, 
or as geometrically (crystalline) polymerized silicic acid in 
highly silicified organisms like Diatoms and Radiolaria 
(Salisbury & Ross, 1978 & 1992; Simpson & Volcani, eds.
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1981). Although the chemical nature of the deposited, 
polymerized silicic acid that occurs in biological structures 
has, in general, been established, it is not yet completely 
clear in what soluble form Silicon is transported or 
otherwise enters into cells or occurs in tissue fluids or the 
cytosol (Sullivan & Volcani, 1981; Kaufman et al., 1981; 
Sangster & Parry, 1981).
It is recognized as essential for several crops like rice, 
barley, sugarcane, tomato and cucumber for which available Si 
was experimentally reduced enough to create deficiency 
symptoms. But with Si the problem of experimental removal 
from the plants' environment is especially difficult, because 
it is present in glass, in many nutrient salts and also 
exists as particulate Si02 in the atmosphere. After the 
Equisetaceae, grasses and cereals are the higher plants that 
concentrate the highest Si proportions in their tissues. 
Rice, like horsetails, contains up to 16% Si in DWt, while 
maize accumulates it to the extent of 1-4% DWt (Salisbury & 
Ross, 1978 & 1992; Epstein, 1994).
The actual metabolism of Si though, i.e., its interactions in 
the soil, water and living organisms was investigated mainly 
in horsetails, among higher plants; however, the most studied 
organisms in this subject are the Diatoms (Bacillophyta), 
also known as silicified algae. The evolutionary origin of 
silica deposition systems in organisms is obscure. However, 
it is clear from most silicified groups - diatoms, 
chrysophytes, radiolaria, choanoflagellates, testaceous 
amebae and sponges, that the patterns of Si deposition are 
very regular and faithfully replicated. This has led both to 
their use as taxonomic criteria and to the view that their 
morphogenesis is under genetic control (Simpson & Volcani, 
eds. 1981).
The truly amazing intricacy of the highly complex geometric 
shapes of these living siliceous structures fascinated the 
famous 19th century Philosopher and Naturalist Ernst Haeckel 
(1834-1919), who produced some remarkably meticulous and 
artistic renderings of their morphology (Haeckel, 1974). 
These artistic forms in Nature and the processes underlying
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their polymerized deposition continue to both attract and 
elude present-day scientists (Simpson & Volcani, eds. 1981).
Biochemically, silicic acid polymerization per se can 
apparently occur in two very different localities: 
extracellularly, in association with the cell wall of higher 
plants (not known to be specialized for Si metabolism); or 
intracellularly, within a discrete, specialized cytoplasmic 
membrane - the silicalemma, as in the above-mentioned 
silicified groups (Sullivan & Volcani, 1981; Kaufman et al., 
1981; Sangster & Parry, 1981). According to Simpson & Volcani 
(eds. 1981) there are four basic types or categories of 
morphogenetic processes of Si deposition:
1. Intracellular silicic acid polymerization with concurrent 

morphogenesis within single cells (in Sponges), or within 
numerous intracellular, interconnected or associated 
vesicles, which are bounded by the silicalemma, e.g.; 
diatoms, radiolaria (two basic shape patterns: spheres 
and cones) & some of type 2.

2. Intracellular H4Si04 polymerization with concurrent, simple 
morphogenesis of "pieces", followed by their "secretion" 
and extracellular assembly or "gluing", e.g.; 
chrysophytes, some choanoflagellates & some testaceous 
amebae (except the included in type 1).

3. Preformed polymerized Silicic acid or quartz (crystalline)
collected from the environment and used for extracellular 
morphogenesis, e.g.; some siliceous protozoa (except
amebae).

4. Silicic acid polymerized extracellularly with no, or 
little, morphogenesis, e.g.; higher plants.

5. Connective tissue development (collagen and 
glycosaminoglycan syntheses) and bone mineralization in 
vertebrate animals

Interestingly, the amorphous opal polymer type of silica 
deposition in higher plants suggests that the formation of 
geometrically complex siliceous structures requires
intracellular processing (Simpson & Volcani, eds. 1981). The 
genetic control and biochemical pathways through which 
silicon is incorporated in the cellular metabolism of 
siliceous organisms, especially the determinants of the
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morphological patterns of siliceous structures, are not yet 
fully understood. The understanding of Si uptake balances 
also presents problems, regarding the speed of growth and Si 
accumulation versus the often limited availability of soluble 
silicic acid (in waters or soil solutions) for organisms like 
diatoms (Sullivan & Volcani, 1981) and even higher plants 
(Kaufman et al., 1981; Sangster & Parry, 1981). In diatoms, 
the transport of silicic acid is energy dependent and Si is 
required for a variety of metabolic processes including the 
synthesis of nuclear DNA polymerases and the metabolism of 
cyclic nucleotides (Sullivan & Volcani, 1981). Perhaps the 
most striking aspect of silicic acid polymerization in 
biological systems is that the process produces opal at low 
temperatures with apparent ease and efficiency, whereas under 
nonliving conditions its formation requires substantial heat. 
How do siliceous organisms accomplish this is still unknown 
(Simpson & Volcani, eds. 1981).
Amazingly, silicon is also essential in animals for the 
syntheses of collagen and glycosaminoglycan, normal growth 
and bone development, which was experimentally proved by the 
induction of severe skeletal malformations in excised chick 
embryos deprived of Si (Carlisle, 1981). These facts are 
beginning to be considered in basic animal nutrition and 
feeding and recent books on the subject only make short 
references to Si (Pond et al., 1993)

terms of commercial crops, the importance of silicon for 
amelioration of aluminium toxicity in the soil, as well as of 
leaf-tissue Si contents in sugarcane genotypes for both 
resistance and environmental adaptability is reported in the 
research literature (Barcelo et al., 1993; Deren et al., 
1993). Miyake and Takahashi (1985) experimentally caused 
soybean plants grown in nutrient solutions without Si to 
accumulate unusually high P contents. These three cases could 
mean that symptoms of silicon deficiency sometimes represent 
aluminium, manganese or phosphorus toxicity, minerals whose 
soil availability is closely related. Prevention of lodging 
and grazing limitation against herbivores (both insects and 
mammals) represent more an ecological than a physiological or
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biochemical requirement for silicon (Salisbury & Ross, 1992; 
Epstein, 1972 & 1994).
Narwal (1974), reports on the relevance of larger and denser 
silica bodies in the epidermal tissues of "jowar" (Sorghum 
vulgare Perc.) for resistance to both fungal infection by 
Colletotrichum graminicolum and attack by the insect Chilo 
zonellus (Narwal, 1974). Similarly, varieties of Gossypium 
hirsutum, which are resistant to the homopteran cotton-jassid 
(Amrasca devastans), also contained more silica in their leaf 
tissues (Singh et al., 1972).
Silicon is an important component of the lignified papillae 
and haloes or cell wall appositions, which constitute 
significant mechanical defences against plant parasites. 
These papillae consist mainly of callose, ultra-violet 
fluorescent material and Si (Sticher et al., 1997). Ch§rif et 
al. (1993) identified defence responses induced by soluble 
silicon applied to the soil, in cucumber roots infected by 
Pythium spp. Stumm and Gessler (1986) confirmed the role of 
silicon in the papillae for the induced resistance of 
cucumber against Colletotrichum lagenarium. The 
experimentally observed induction of SAR by powdered Si02 
preparations in cucumber and tobacco is followed by enhanced 
activities of chitinase, p-1,3-glucanase, peroxidase and 
polyphenoloxidase, which are plant hydrolytic PR enzymes 
known to play an important role in host-pathogen interactions 
(Arlorio et al., 1992; Boiler, 1993; Schneider & Ullrich, 
1994; Sticher et al., 1997).
Stroemberg & Brishamar (1993) performed a histological 
evaluation of induced resistance to P. infestans in potato 
leaves, identifying the silicon-rich cell wall papillae as 
the responsible structures.
Kudinova (1974) found a significant effect of silicon on 
yield, leaf area and phosphorus metabolism in plants during 
early growth. Nutritional problems related to unexplained 
deficiencies of P in NFT hydroponic cucumber. (Cucumis sativus 
L ) cultures, led Wye College researchers to identify that 
the Si present in the usual growing substrates (e.g., 
perlite, vermiculite, rockwool) was responsible for both the 
masking of pot experiments and for the deficiency symptoms in122



the NFT cultures, where these substrates, and consequently 
Si, are absent. The addition of 50-100 ppm of silicic acid to 
the NFT solution showed that silicon plays an important 
regulating role in phosphorus absorption (El Behairy, 1994) . 
These results sharply contrast with the unusually high P 
contents accumulated by soybean plants grown in Si deficient 
nutrient solutions (Miyake & Takahashi, 1985), but can be 
explained by dose dependent effects in different species.
Poitevin (1996) found evidence of dose dependent effects in 
clinical, physical and biological studies on Silicea - the 
homoeopathic silica based remedy in different dilutions or 
potencies. This suggests that both silicic acid and the 
silica based biodynamic preparations, like P501, P506 and 
P508, can follow a similar dose dependent rule, as indicated 
in BD literature (Koepf et al., 1993 & 1996; Sattler & 
Wistinghausen, 1992). This would also apply to Kieselguhr, as 
a biologically metabolized and fossilized form of crystalline 
silica (Corrin, 1959).
Researchers in Greece have found that a siliceous mineral 
supplement called kissiris effectively promotes ethanol 
fermentation by Saccharomyces cerevisiae (Tsoutsas et al., 
1990), which also indicates a regulating function of Si in 
these fungi.
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2.6.4. Systemic Acquired Resistance and Phytoalexins
The importance of induced resistance mechanisms in plants has 
been known for a long time (Chester, 1933; Gaumann, 1946) . 
The natural protection of plants against pathogens and 
herbivory' is partly based on a variety of constitutive 
barriers already present in plant tissues before an actual 
attack or infection. The combined effect of all these 
barriers is referred to as Constitutive Resistance. 
Additionally, through stress or inoculation, plants can 
activate or be stimulated to a variety of biochemical 
protective mechanisms - these are termed Acquired or Induced 
Resistance. As the stimuli or signals were found to 
efficiently travel or communicate from the site of primary 
stress or inoculation to remotely located tissues, 
systemically expressing defence reactions, the term Systemic 
was added to both Acquired or Induced Resistance (Sticher et 
al., 1997). These two mechanisms are distinguished by the 
nature of inducing or eliciting agent that evokes them:
♦ When the elicitor is a pathogenic or parasitic agent, the 

reaction is called Systemic Acquired Resistance (SAR).
♦ When the elicitor is either a beneficial, symbiotic (non-

pathogenic & non-parasitic) or abiotic (mineral,
apneumonic) agent, the reaction is called Induced Systemic 
Resistance (ISR).

As both processes or "mechanisms" are dependent of signal 
cascades of biochemical and biodynamic (in the sense of being 
a property of living, autopoietic organisms) nature, which 
cannot be isolated from the overall plant metabolism, it can 
be deduced that both SAR and ISR are linked to other induced 
metabolic adaptations in plants, which can influence 
parameters like growth, biomass, reproduction, yield and 
quality (Abele, 1973; Spiess, 1975; Samaras, 1977; Margulis, 
1995; Koepf, 1993 & Koepf et al., 1996).
Brian Deverall (1977), Professor of Plant Pathology at the 
University of Sydney (Australia), wrote one of the earliest 
book reviews on general defence mechanisms in plants (though 
scarcely discussing constitutive barriers), in which 
phytoalexins are referred to in the general context of 

resistance mechanisms.
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Phytoalexins are a variety of antimicrobial plant defence 
compounds, the production of which can be induced by either 
biotic or abiotic elicitors, which can effectively protect 
plants whenever the process is triggered early enough to 
avoid tissue invasion by pathogens. Besides this early 
triggering requirement, phytoalexin accumulation efficiency 
is largely limited by temperatures below 20°C, while it is 
optimal around 25°C (Bailey & Mansfield, 1982). The process 
is generally initiated by the so-called hypersensitive 
reaction or response (HR), which often causes a cellular 
oxidative burst as an early plant response to pathogen 
infection (Jackson & Taylor, 1996; Wojtaszek, 1997).
Between 1970 and 1980, a series of seven interrelated furano- 
acetilenic phytoalexins (wyerone acid, wyerone, wyerol, their 
respective di-hydro analogues and wyerone epoxyde) were 
isolated from Vicia faba plants at Wye College. Nowadays, 
many phytoalexins are known in several cultivated species, 
which are active in vitro against fungi, bacteria (including 
cross—immunization) and even nematodes (e.g.f M, incognita 
and resistant soybean varieties), but not against virus or 
insects. This latter sort of protection is conferred in the 
context of ISR and SAR (Kogan & Fischer, 1991; Ryals et al., 
1994). Several works actually fit phytoalexin elicitation and 
accumulation as one of SAR's and/or ISR's mechanisms 
(Ozeretskovskaya et al., 1994; Sticher et al., 1997; Ebel, 
1998).
The reputed French researcher Francis Chaboussou (1980 & 
1985) had anticipated these SAR and ISR mechanisms, when he 
suggested that plants were "pesticide and fertilizer sick", 
because agrochemicals were, in one hand, diverting secondary 
metabolic processes from the well-balanced production of 
defence structures and substances, to an excess of free 
amino-acids and nutrient (especially Nitrogen) compounds that 
would attract pests and facilitate diseases through 
excessively turgid and weak plant cells. On the other hand, 
he noticed that the elimination of healthy natural stresses, 
like exposition to microbe-rich soil organic matter, rendered 
plants less resistant to parasites, and that traditional 
treatments like Bordeaux mixture, seemed to stimulate natural
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plant reaction. He saw this non-antagonistic crop health 
approach as a novel basis for disease and pest prevention, a 
true "agronomic revolution" (Chaboussou, 1985). This is 
largely confirmed by the growing evidence on the 
effectiveness of apneumonic substances, which contain known 
eliciting agents (e.g.; alkaloids, flavonoids, terpenoids, 
coumarins, sulfides, glycosides, tannins, purines, general 
organic and fatty acids) commonly present in organic manures, 
composts, allelopathic and biodynamic preparations (Doubrava 
et al., 1988; Koepf, 1993). The ubiquitous• jasmonates, for 
example, which are both allomones against insects and SAR 
inducers, are biosynthesized (probably through lipoxygenase 
action) from lmolenic acid, which is present in the 
chloroplasts' thylakoids (the grana and stroma lamellae) of 
most plant species (Sticher et al., 1997; Salisbury & Ross, 
1992).
Ozeretskovskaya et al. (1994) reviewed the role of C20 
polyunsaturated fatty acids (arachidonic and 
eicosapentaenoic) in the induction of plant systemic, long
term resistance against diseases. Particular emphasis is 
placed on one of the key mechanisms of potato resistance to 
Phytophthora infostans infection, the modification of 
terpenoid biosynthesis. Potato tubers treated with 10'7 to 10"
8 M arachidonic acid were found to divert their secondary 
metabolism from the synthesis of sterols, essential for 
Phytophthora inf&stans, toward the accumulation of 
sesquiterpenoid phytoalexins. This is one reason for poor 
pathogen development in the tubers with induced resistance. 
This metabolic shift depends on intercellular signal 
transduction processes, which arise at the sites of damaged 
plant tissues and activate a defensive gene expression. The 
signal molecules - called Alarmones, can either induce local 
defence responses (in a group of cells) or travel throughout 
the whole plant or its organ. Among signal molecules are the 
products of C18 and C20 fatty acid oxidation by lipoxygenases 
(jasmonic acid and its methyl ester, traumatic acid, and some 
eicosanoids), a polypeptide, systemin, salicylic acid, and 
endogenous and exogenous oligosaccharins. The authors believe 
that studies of Alarmone functions will stimulate the

126



development of alternative technologies for plant protection 
against diseases and stresses (Ozeretskovskaya et al., 1994).
A complementary view on this process (Mikes et al., 1998) is 
that elicitins (small hydrophilic cystein-rich proteins) are 
originally a class of sterol carriers for phytopathogenic 
fungi within Phytophthora species, which are unable to 
synthesize sterols and therefore must pick them up from the 
membranes of their host-plant. However, resistant plants are 
able to identify elicitins in the plant-microbe interactions, 
since they trigger defence reactions in plants, like the 
above-mentioned (Ozeretskovskaya et al., 1994) and the ones 
discussed in the sequence.
A general review on SAR (Sticher et al., 1997) reports on the 
effectiveness and the biochemical pathways through which 
fatty acids (e.g.; arachidonic, linolenic, linoleic, oleic), 
peptides (systemin, elicitin), salicylates, jasmonates, 
ethylene and even electrical signals are produced and act 
either directly or as signalling mediators for SAR and ISR. 
Resistance mechanisms work through either structural 
barriers, such as lignification or the production of 
Pathogenesis Related Proteins (PRs), which on their turn, 
also release molecules that may act as elicitors.
PRs are protease-resistant proteins, which include hydrolytic 
enzymes like chitinase, (3-1,3-glucanase, peroxidase and 
polyphenoloxidase, which are known to play an important role 
in host-pathogen interactions (Arlorio et al., 1992; Boiler, 
1993; Schneider & Ullrich, 1994; Sticher et al., 1997, Fritig
et al., 1998).
Lignification is closely associated to secondary plant 
metabolites involved in SAR. The biochemical precursors of 
both lignin and plant defence compounds like furanocoumarin, 
sa and isoflavonoid phytoalexins are formed by a random 
dehydrogenative polymerization in the phenylpropanoid 
pathway. The first step in this pathway is the deamination of 
phenylalanine to cinnamic acid (see Figure 2.4), catalysed by 
the enzyme phenylalanine ammonia-lyase. Other enzymes of the 
Phenylpropanoid pathway are also induced in resistant 
reactions, e.g.; cinnamyl alcohol dehydrogenase (highly 
diagnostic for lignification), 4-coumarate;CoA ligase and
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peroxidases. As already mentioned, Silicon is an important 
component of the lignified papillae and haloes or cell wall 
appositions, which are highly resistant to fungal degradation 
and can constitute effective barriers to prevent free 
nutrient movement and therefore help to "starve" pathogens 
(Sticher et al., 1997).
Closely linked to HRs that promote lignification are the 
presence of lignin precursors like the highly fungitoxic 
coniferyl alcohol and hydrogen peroxidase (H202). Experiments 
performed on etiolated cucumber hypocotyls show that cuticle 
abrasion together with various SAR inducers greatly enhance 
the rapid and transient production of H202 by the challenged 

But as H202 is also toxic for the plants own cells, 
its transient antiseptic action must be controlled — 
especially through well-balanced catalase activity, which in 
its turn seems to be controlled by salicylic acid (Fauth et 
ai., 1996; Kauss et al., 1996; Sticher et al., 1997).
Probably the most common signalling molecule for SAR is 
salicylic acid (SA) , biosynthesized from the amino acid 
phenylalanine. SA is today recognized as a phytohormone (see 
item 2.6.2.1), besides its known antipyretic and analgesic 
effects in animals (Raskin, 1992). However, its most 
important roles in plant organisms seem to be as both an 
endogenous signal and an external elicitor of SAR and ISR 
through the induction of PR genes. These processes, though, 
are limited to temperatures under 32°C (Sticher et al., 
1997). Quarles (1996), reports that either aspirin or willow 
bark extracts (Salix alba, S. vitellina), not only promote 
resistance in garden plants but also attract useful predator 
mites for biological control.
SA also displays a hormetic behaviour, for while it promotes 
plant health and SAR without lesion formation at optimal 
levels [60 pM], it can be phytotoxic in higher concentrations 
[1 mM] . This toxicity is probably due to SA's capacity to 
bind to and inhibit several heme-containing enzymes such as 
catalase, ascorbate peroxidase or aconitase, due to its 
affinity for Iron. Catalase inhibition probably leads to H202 
accumulation over the useful HR antiseptic levels to 
phytotoxic concentrations (Fauth et al., 1996; Kauss et al.,
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1996; Sticher et al., 1997). On the other hand, heme (Fe- 
protoporphyrin IX, an iron chelate molecule) is essential for 
protein synthesis (Rawn, 1983).
Several studies indicate that SA is synthesized via the 
shikimate-phenylpropanoid pathway (see Fig. 2.4), showing its 
affinity to other allelopathic agents. Phenylalanine (Phe) is 
converted to cinnamic acid (CA), which may be transformed in 
either ortho-coumaric acid (oCou) or benzoic acid (BA). Both 
compounds are precursors of SA, depending on plant species, 
tissues or conditions. Thus, we can say that allelopathic 
agents are probable ISR elicitors. Additionally, the action 
of methyl-salicylate, a SA metabolite, as an airborne signal 
for ISR in either the same or between neighbouring plants can 
explain some of the mechanisms involved in the allelopathic 
effects of companion plants (Rice, 1984 & 1995; Sticher et 
al., 1997).
However there are different pathways of induced resistance to 
pathogens without the accumulation of salicylic acid. Métraux 
et al. (1993) managed to induce systemic resistance in 
cucumber in equivalent responses to both 2,6-dichloro- 
isonicotinic acid and pathogen elicitors, which was confirmed 
by other researchers (Vernooij et al., 1995).
Elemental abiotic elicitors like Si, Cu, Ag, Hg (Rouxel et 
al., 1989 & 1991) and synthetic agents like polyacrylic acid 
also follow SA independent ISR pathways, as their effects 
still take place at temperatures above 32°C (Sticher et al.,
1997).
Sulphur is an essential part of many active volatile and 
allelopathic compounds like (Hengel & Kirkby, 1982):
4 Mustard oils, glucosides or glucosinolates, present mainly 

in members of the Cruciferae; e.g.; sinigrin (in Brassica 
nigra), gluconasturtin (in Nasturtium officinale), 
glucobarbarin (in Reseda lúteo1 a), Glucosinalbin (in 
Sinapis alba), glucotropaeolin (in Tropaeolum majus, 
Tropaeolaceae) .

♦ Sulphoxides, e.g.; the lacrymatory factor in onion and the 
odour of garlic, which contains allicin - both a 
molluscicide and an insecticide (Singh et al., 1995).
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♦ Elicitins, which are small hydrophilic cystein-rich 
proteins; and also for the production of ethylene from 
methionine.

An example of sulphur's importance in plant resistance 
processes is the effectiveness of metabolized elemental S, 
identified in resistant genotypes of cocoa (Theobroma cacao 
L.) to verticillium wilt (Verticillium dahliae Kleb.) 
(Resende et al., 1996; Cooper et al., 1996).
Plant promoting rhizobacteria (PGPR) and vesicular-arbuscular 
mycorrhiza (VA) present in soil organic matter and plant 
communities also effectively promote ISR and are most 
probably the cause of observed crop protection using 
diversification and induced resistance in low input 
cereal/legume cropping systems (Cooke/ 1996; Sticher et al.,
1997) .
The use of transgenic expression to study the functions of 
pathogenesis-related proteins and the co-ordinate gene 
activity in response to agents that induce SAR and ISR is an 
important application of molecular biology to explain the 
mechanisms of plant defence responses (Ward et al., 1991; 
Alexander et al., 1993; Lawton et al., 1993/ Fntig et al.,

1998) .
The knowledge about the nature of translocated signals for 
plant immunisation is another important field. There are 
basically six different types of translocating SAR signals 
(KuC/ 1987; Sticher et al., 1997):
1. Salicylic acid, which has already been discussed and seems 

to be the slowest moving signal - [14C]-SA takes 3 days to 
move from cucumber cotyledons to the first leaf.

2 Jasmonates seem to travel faster in both the liquid and 
the vapour phases - methyl-jasmonate is especially 
volatile, suggesting that it might also act in the gaseous 
form, analogous to ethylene.

3 Systemin is an 18-amino acid peptide that can induce de 
novo synthesis of proteinase inhibitors in amounts as low 
as femtomoles [1CT15] . This shows its role in cellular 
signal transduction, besides being a translocating signal 
that travels as fast as 30 minutes across a single wounded 
leaf, reaching a whole plant within hours.
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4. Hydraulic signals propagate rapidly (at least 10 cm.s'1 in 
wheat) through changes in water pressure and are triggered 
by wounding or scorching. At wound sites, leaf cells are 
broken, the sap is released in the apoplasm and drawn into 
a nearby intact xylem vessel. This hydraulic mass flow can 
help the dispersal of signalling compounds like systemin. 
There is a concomitant development of electrical signals.

5. Electrical signals consist of the transmission of an 
action potential that propagate at a speed of 1-4 mm.s"1 
from the cotyledons to the first leaf of tomato plants.

6. Abscisic acid (ABA) seems to be required for wound 
response, though not as a primary signal. Experiments also 
indicate it can migrate from exogenously treated to 
nonsprayed tissues, where distal ABA levels increase.

Ethylene, a volatile plant hormone derived from methionine 
does not seem to be a systemic signal in itself for SAR, but 
rather seems to modulate resistance through the expression of 
proteinase inhibitor genes and enhance SA effects as an 
intermediate for SA-induced chitinase synthesis (Sticher et 
al., 1997).
It is interesting to note that, despite criticisms and 
discredit from the agrochemical establishment, organic 
control methods for both pests and diseases have always 
emphasized the stimulation of natural resistance, as shown in 
a survey in Denmark (Langer, 1995) .

2.6.5. Allelopathy, Weeds and Companion Plants
Plants are not passive targets for associating organisms but, 
rather, actively affect the structure of rhizosphere 
communities by releasing attractants and repellents from 
their roots. The extent of these influences can be estimated 
by the surprisingly large surface area of roots illustrated 
by painstaking measurements taken from a 4-month-old rye 
(Secale cereale) plant: a total of 626 km (387 miles) in 
length with 233 m2 (2, 554 sq. ft) in surface area, while 
adding root-hairs to the estimation brought the totals to 
nearly 11,300 km and 638 m2!! (Salisbury & Ross, 1978/ Rose, 
1983; Estabrook & Yoder, 1998).
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Today, there is clear evidence that interactions between 
plants and other organisms are mediated by signal molecules 
that cue developmental and physiological events. Thus, 
elicitors, hormones and semiochemicals are also effective in 
plant-plant communication, especially through rhizosphere 
signalling in either antagonistic, parasitic and beneficial 
interactions (Rice, 1984 & 1995; Estabrook & Yoder, 1998).
Companion plants are usually species that belong to different 
families, which mutually complement and/or help each other in 
terms of spatial (associations) or temporal (rotations) 
occupation, water, light and nutrient utilization, as well as 
allelopathic interactions (Philbrick & Gregg, 1979). Although 
families like the Poaceae (e.g.; grasses, cereals) do benefit 
from their homogeneous and monospecific colonization 
strategy, they are also in close mutualistic association with 
plants from other families, especially legumes of the 
Papilionaceae, in most natural ecosystems (Purseglove, 1968 & 
1972; Weier et al., 1982). Research findings show in many 
cases the allelopathic effectiveness of associations, mulch 
residues and both crop and weed extracts on each other, in 
terms of seed germination and/or general plant development, 
depending on specific semiochemicals that are released into 
the environment (Almeida, 1988). One such example was 
confirmed by the localization of glucosinolates in roots of 
Sinapis alba using x-ray microanalysis (Wei et al., 1981).
From the biodynamic perspective weeds are environmental 
responses or indicators of poor soil management and good 
green manures and associated crops must be species which can 
fulfil the soil's and the agroecosystem's needs more 
efficiently than weeds do (Pfeiffer, 1976). This view is in 
harmony with the modern agroecological approach of studying 
and making use of the allelopathic potentials of wild species 
(Lovett & Weerakoon, 1983). In this context, emphasis is 
given to non-chemical weed control methods in crops (e.g.; 
mechanical, cultural), which can provide sound ecological and 
economic management (Lee, 1995).
Delabay et al. (1998) carried out studies on 19 plant species 
with allelopathic properties with potential in horticultural 
weed management. Results have shown that both mulches and
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extracts from a number of cultivated species, especially 
Artemisia annua, Vicia cracca, Plantago lanceolata, Lotus 
corniculatus, Bromus tectorum, Medicago lupulina and 
Sanguisorba minor, significantly inhibit germination and 
growth of several weeds (predominantly Lollium multiflorum, 
Stellaria media, Veronica pérsica and Sanguisorba minor) in 
field trials and specifically of Amaranthus retroflexus and 
Chenopodium album, used as test plants in greenhouse 
experiments.
Hoekstra (1989) observed beneficial effects of leguminous 
crops in various crop rotations with potatoes, both on 
productivity and on a significantly lower incidence of wilt 
caused by Verticillium dahliae. Haymes and Lee (1994) 
observed potential advantages of wheat-bean intercropping for 
low input systems, in terms of yields and weed control.
An explanatory model for the allelopathic effects between 
either companion or antagonistic plants can be offered by the 
mode of action of the SA metabolite methyl-salicylate, which 
effectively works as an airborne signal for ISR in either the 
same or between neighbouring plants, as a number of plants 
were identified to influence each other through
semiochemicals in their transpiration (Rice, 1984 & 1995;
Sticher et al., 1997).
Thus the choice of adequate species, taking into account the 
manifold allelopathic interactions for rotation, 
associations, intercropping and mulching, is fundamentally 
important for good results in systems like green manuring, 
zero tillage, minimum cultivation and biological agriculture 
in general (Almeida, 1988) . The allelochemical compounds 
responsible for these allelopathic effects often play more 
than one role and thus can concurrently fit in the various 
functional classes mentioned in item 2.6.2.2.2, combining the 
concepts of Nordlund (1981), Rice (1984) and Luque (1995 & 
1999 personal communication); and defined in Table 2.10 as:
I. Allomones, basically antagonistic substances, further 

subdivided into Antibiotics (effective between micro
organisms), Kolines (between higher plants), Marasmines 
(from micro-organisms to higher plants) and Phytoncides 
(from higher plants to micro-organisms).
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II. Kairomones, basically useful substances which benefit 
only the receptor organisms.

III. Synomones, which mediate mutualistic symbiotic 
interactions.

IV. Apneumones, non-living materials which can be either 
beneficial or detrimental, depending on the nature of 
the receiving organism.

Thus, while antagonistic interactions between plants refer to 
the action of kolines (allomones), companion plants rather 
produce mutually beneficial synomones. One can even speak of 
allomonic, kairomonic or synomonic interactions, influences 
or behaviour between organisms. Concurrent examples of these 
interactions are provided by the effective intercropping 
between the late-sown tropical green manure Mucuna aterrima 
and maize (Zea mays), which while mutually benefiting 
(synomonic interaction), can more easily out—compete weeds, 
maize provides support for the climbing black mucuna, while 
the latter fixes atmospheric nitrogen, produces biomass and 
even repels pests (see item 2.6.6.1) and together they 
suppress weeds through soil, light and probable allomonic 
exclusion (Calegari, 1987). A similar example is given by the 
maize-vetch (Vicia sativa) minimum cultivation system (very 
efficient in sub-tropical and mediterranean climates), in 
which vetch grows during winter and provides a living mulch 
that dies-off or is mown-down in summer, providing both 
fixed-N and organic matter for the directly-sown late-spring 
maize (kairomonic effect), while helping to suppress 
(allomonic effect) weeds (Monegat, 1981/ Alta & Ceretta, 
1994).
For biochemical understanding, mediochemicals are also called 
secondary metabolites and generally classified into five 
major chemical groups, partially shown in figure 2.4 (Rice, 
1984): phenylpropanes, acetogenins, terpenoids, steroids and 
alkaloids. Alkaloids and phenylpropanes originate from a 
small number of amino acids and the rest of the compounds 
originate generally from acetate, while flavonoids are 
"hybrids" - with one of their rings coming from phenylalanine 
and the other from acetate. In many species, alkaloids are
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found in the form of glycosides (Rice, 1984; Levitt & Lovett, 
1985).
Due to their diverse nature, allelochemicals from different 
species can diversely affect crops both quantitative and 
qualitatively, as in the different effects of leguminous 
green manures observed on bean (Phaseolus vulgaris L.) 
seedlings (Costa et al., 1996). Phenols, for example, can 
significantly depress nucleic acid and protein levels in 
soybean seedlings (Baziramakenga et al., 1997), influencing 
even some soil properties (Inderjit & Mallik, 1997).
The stimulating or inhibiting effects of the above-mentioned 
allelopathic agents, is worth reminding, directly depend on 
the concentrations that actually reach the receptor 
organisms, whether they are plants, microbes or animals.

2.6.6. Allelopathy, Beneficial and Phytophagous Fauna
As was already mentioned in item 2.3, a well-balanced soil 
biocenosis influences soil and plant conditions as well as it 
is influenced by them (Kiehl, 1978 & 1979; Pfiffner & Niggli, 
1996; Pfiffner & Mader, 1997).
Besides benefiting from a well-maintained turnover of organic 
matter, macro and microbial populations, like effective 
native earthworms (Antoniolli & Giracca, 1993), useful 
arthropods, antibiotic producing and nematophagous fungi, are 
also conditioned by subtler semiochemical and dynamic effects 
(Glück & Ingrisch 1990; Pfiffner & Mader, 1997).
As ecosystems become more productive, the total amount of 
nutrients retained within the system increases. As succession 
occurs, nutrients are increasingly immobilized in forms that 
are less available for plants and animals, such as phytates, 
lignins, tannins, humid and fulvic acids (Coleman et al, 
1985, 1992). In order for nutrients to become available once 
again to plants and animals, they must be mineralized by the 
interaction of decomposers - bacteria and fungi, and their 
predators - protozoa, nematodes, microarthropods and 
earthworms. These predator populations and the rates at which 
they perform mineralization processes are important to 
ecosystem stability. The activity of these predator-prey
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at whichinteractions (which determines the rate 
mineralization occurs) are in turn affected, and perhaps 
controlled, by higher level predators such as millipedes, 
centipedes, beetles, spiders, and small mammals.
It is perhaps something of a conundrum that in healthy 
ecosystems, while nutrient cycling and productivity
increases, nutrient loss is minimized. What makes this 
possible is the increasing complexity of the soil foodweb. As 
total ecosystem productivity increases, biodiversity below 
ground, i.e., the structure and function of the soil foodweb, 
also increases (Moore et al., 1991).
The greater the foodweb complexity, i.e., the interaction of 
decomposers, their predators, and the predators of those 
predators responsible for nutrient cycling and the retention 
of nutrients within the soil (Coleman et al., 1985; 1992),
the fewer the losses of nutrients from that system, the more 
tightly nutrients cycle from retained forms to plants, and 
back again. Without the soil foodweb, plants would not obtain 
the nutrients necessary for growth, and the above ground 
foodweb would not long continue (Nannipieri et al., 1990). 
Interactions of decomposers with their predator groups 
(protozoa, nematodes and microarthropods) maintain normal 

£• j_0nt cycling processes in all ecosystems (Coleman, 1985 & 
1992). Plant growth is dependent on microbial nutrient 
immobilization and soil foodweb interactions to mineralize 
nutrients (Nannipieri et al., 1990). In undisturbed 
ecosystems, the processes of immobilization and 
mineralization are tightly coupled to plant growth. Following 
disturbance, this coupling is lost or reduced (Ingham et al., 
1986a&b; Coleman et al., 1992).
Through well managed soil organic matter and allelopathically 
planned diversification, not only proper nutrient cycling can 
be maximized, but also semiochemical interactions can be 
used, all for the benefit of both crops and an overall 
healthy agroecosystem, including the control of organisms 
that could reach pest populational levels (Waksman, 1936 & 
1952; Koepf et al., 1976 & 1996).
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2.6.6.1. Allelochemics in Pest Control
As previously exemplified (Morais & Trigo, 1995) a variety of 
agricultural plant species, including cereals, respond to 
insect herbivore damage by releasing large quantities of 
volatile compounds and, as a result, become highly attractive 
to parasitic wasps that attack the herbivores.
Similar cases of intrinsic and extrinsic chemical defences 
against herbivory can be considered in semiochemical research 
for the identification of either associated plants or applied 
extracts (e.g.; containing precursor substances like fatty 
acids), which could mimic or enhance the natural defence 
mechanisms. An elicitor of plant volatiles, N-(17- 
hydroxylinolenoyl)-L-glutamine, named volicitin and isolated 
from beet armyworm caterpillars, is a key component in plant 
recognition of damage from insect herbivory. Chemical 
analysis of the oral secretion from beet armyworms that have 
fed on 13C-labeled corn seedlings established that the fatty 
acid portion of volicitin is plant derived whereas the 17- 
hydroxylation reaction and the conjugation with glutamine are 
carried out by the caterpillar by using glutamine of insect 
origin. Ironically, these insect-catalysed chemical 
modifications to linolenic acid are critical for the 
biological activity that triggers the release of plant 
volatiles, which in turn attract natural enemies of the 
caterpillar (Pare et al.r 1998). Norris and Ramachandran 
(1995) reported that soybean plants (Glycine max) provide a 
phenolic precursor, apparently catechol, which causes a 
feeding insect, Pseudoplusia includens, to involuntarily 
release a kairomone, guaiacol, in its faeces. This cues a 
specialist parasitoid, Microplitis demolitor, so it finds its 
host P. includens larvae. Research results point out a 
positive correlation between the levels of the plant's 
intrinsic (direct, catechol) and extrinsic (indirect, 
guaiacol) chemical defences. So, the presence of one or more 
attractive volatiles in the environment can provide effective 
cues for biological control agents, regardless of which plant 
species or cultivar is primarily producing them (Norris et 
ai., 1995; Emdem, 1995; Kogan & Fischer, 1991).
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Other examples of non-antagonistic pest control are provided 
by both volatile and non-volatile plant allelochemicals, 
which function as both allomones for non-specialist 
herbivores and kairomones for specialists (Schoonhoven, 1981; 
Metcalf & Metcalf, 1992; Pettersson, 1995):
• a  volatile (allyl isothiocyanate) produced from a 

hydrolysed mustard oil like sinigrin (a sulphur derivative 
glucosinolate) is both a repellent for non-specialist 
insects like Aphis fabae and an attractant for specialists 
like the cabbage aphid B. brassicae, the cabbage maggot 
fly Delia brassicae, or the flea-beetles Phyllotreta 
cruciferae and P. striolata (see Table 2.10).

• Hypericin, a non-volatile crimson pigment of relatively 
high molecular weight secreted by the ubiquitous glands of 
Hypericum spp (e.g.; St. John's wort or Klamath weed) is 
both a poisonous allomone for most herbivores and a 
phagostimulant kairomone for several species of Chrysolina 
beetles, which offered one of the most successful examples 
of biological weed control on record.

Non-volatile plant kairomones can thus be efficiently used as 
lures or traps for insects, Lagenaria vulgaris
(Cucurbitaceae), the most common gourd in South America, 
produces cucurbitacins - triterpenoids biosynthesized from 
mevalonic acid, which are irresistible arrestants and feeding 
stimulants for the cucurbit beetle, Diabrotica speciosa 
(Metcalf & Metcalf, 1992). This has prompted the successful 
control of this beetle in southern Brazilian horticulture, 
through a simple practice, which nevertheless implies in 
complex interactions: sowing L. vulgaris as border companion 
plants in fences and/or leaving freshly cut gourds spread 
among crop plants attracts great numbers of D. speciosa, 
which often develop Beauveria bassiana infection (due to 
populational concentration). Infected beetles were collected 
and liquefied for a bio-control spray, while others were just 
trapped and killed (Deffune, 1991 & 1999a,b&c).
An important allomonic example is provided by the inhibiting 
and/or repellent effect of the leguminous green manure black- 
mucuna (Mucuna aterrima), significantly controlling the 
incidence of both the maize weevil (Sitophilus zeamais) and
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the store moth (Sitotroga cexealella) when it is late- 
intercropped to climb mature maize plants (Santos & Avelar, 
1992; Deffune, 1991 & 1999a,b&c). Besides producing abundant 
biomass and fixing nitrogen, M. aterrima suppresses weeds and 
efficiently controls soil populations of the nematode 
Meloidogyne incognita, either through maize intercropping, or 
cotton (Gossypium herbaceum) rotations (Calegari, 1987 & 1998 
personal communication).
The leguminous green-manures Crotalaria spectabilis, C. 
paulina and C. juncea provide nematode root-traps for M. 
incognita and M. javanica, while both wild and cultivated 
marigolds (Tagetes minuta, T. erecta or T. patula) are 
reported as nematode repellents (Nandal & Bhatti, 1986; 
Guerra, 1985; Grainge & Ahmed, 1987; Mejia, 1995) .
Altieri and Schmidt (1985) reported the positive effects on 
arthropod communities obtained through cover crop 
manipulation in northern Californian orchards and vineyards. 
Living leguminous mulches had similar effects on broccoli 
growth, yield and level of aphid infestation (Costello, 
1994). An effective control of the coleopteran Dilodoberus 
abderus's larvae was obtained through proper soil management 
systems, including no-till rotations and green manuring, for 
wheat crops in Southern Brazil (Silva & Reinert, 1995).
The isolation of insect juvenile hormone analogues from 
plants, which do not allow insects to reach adult and 
reproductive stages, shows the mode of action for another 
effective and promising use of both companion plants and 
allelopathic extracts (Toong et al., 1988; Wimmer et al., 
1997; Chapman, 1982).
The interference of associated plants in the habitat location 
by phytophagous insects through masking odoriferous 
substances in the plants’ transpiration, crop colour and 
albedo variations, can significantly delay or diminish 
infestation to non-pest levels (Vinson, 1981). So, the notion 
that allomones are generally toxic does not hold absolutely, 
for plants need only to contain a distasteful or strange 
smelling compound to discourage feeding by non-specialist 
phytophagous insects (Schoonhoven, 1981) .
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Lancheros-Ubate (1994) found significant allelochemical 
properties in four plant species for the control of the leaf- 
miner Liriomyza huidobrensis in the ornamental Gypsophila 
paniculata, as compared to yellow traps. The leaf extracts of 
Eucalyptus globosus (5% in alcohol) and Rheum officinalis 
(rhubarb, 5% in water) presented the best allomonic 
performances in terms of highest insect mortality rates and 
lowest crop damages, among fourteen species. The best of nine 
species in kairomonic attraction rates were Stellaria media 
(Caryophyllacea, 'chickweed') and Galinsoga parviflora 
(Compositae). Solanum jasminoides also ^performed well as a 
leaf-miner trap-plant (Luque, 1998 personal communication).
Bustos et al. (1998) verified the antifeedant activity of 
metabolites from the weed Nicandra physaloides's fruits 
against larvae of corn cutworm Spodoptera frugiperda. The 
insecticidal activity of both crude and ethanolic extracts 
from fifteen Colombian native plants (including Valeriana 
carnosa) and other five South American Solanaceae species was 
tested under three concentrations (5%, 3% & 1%) against 
larvae and adults of the serious potato moth pest, Teda 
solanivora (Lepidoptera:Galechiidae) . Results and assay- 
guided fractionation afforded bioactive compounds with 
significant controlling effects (Castillo et al., 1998; 
Moreno B. et al., 1998; Moreno-Murillo et al., 1998).
Experiments at the University of Passo Fundo in Southern 
Brazil, found equivalently significant effects in a 
comparison involving both powders and liquid extracts from 
pyrethrum (Chrysanthemum cinerarieefolium), neem (Azadirachta 
indica) and the rutin containing Brazilian "timbó" (Ateleia 
glazioviana) (Guerra, 1985; Hoffmann & Sorio, 1995).
Singh et al. (1992) confirmed the toxic effects of the latex 
of some species of Euphorbiales on acid and alkaline 
phosphatases of the snail Lymnaea acuminata. They also 
identified Allicin as the molluscicidal agent present in 
Allium sativum (Singh et al., 1993 & 1995).
In spite of the vast array of existing allomones in the plant 
kingdom, there is scarcely a single species that does not 
harbour an insect pest, even among genera containing well- 
known, broad-spectrum insecticides, like Chrysanthemum,
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Derris and Nicotiana (Schoonhoven, 1981). The growing list of 
known allelochemicals perplexes us by the enormous chemical 
diversity. Yet probably 90% of the organic constituency of 
angiosperms still remains to be discovered . On the other 
hand, the growing number of pests and pathogens indicates we 
are ever further away from "getting rid" of them through 
chemicals (Schultes, 1972; Schoonhoven, 1981).
There seems to be a consensus in entomological research that 
the future of Integrated Pest Management (IPM) lies in a 
combination of resistant crop varieties, resource or habitat 
management (e.g.; intercropping, companion cropping), 
biological control and the use of semiochemicals in this 
context, rather than the antagonistic use of pesticides.
It seems much easier today to find control strategies, which 
manipulate plant parasitic populations through semiochemical 
stimuli, than to continue trying to "eliminate" them from 
agroecosystems, since their general evolutionary strategy is 
"selection by numbers". This approach directly concerns 
organic agriculture and its objectives (Jackson & Lewis, 
1981; Lindroth, 1991; Kromp & Meindl, 1997).

2.6.7. Allelopathy, Plant Symbiotic and Pathogenic Microbes
Plants are in constant communication with a multitude of 
diverse organisms. A great number of natural symbioses, such 
as the mutualistic association with nitrogen-fixing bacteria 
and mycorrhizal fungi, are beneficial to the plant. Others, 
more evident in man-modified agroecosystems, such as the 
interaction with either animal pests or general microbial 
pathogens, are considered harmful (Estabrook & Yoder, 1998), 
although from the perspective of modern evolutionary biology 
they can rather be viewed as selection trials in Nature's 
aeon-long planetary experiment (Margulis, 1970 & 1995).
Most plant-plant and plant-microbe interactions go unnoticed 
simply because they are underground. A single gram of 
organically rich, fertile soil can contain 109 bacteria, 106 
actinomycètes and 105 fungi as well as several kilometres of 
roots (Estabrook & Yoder, 1998) .
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Mycorrhizal symbiosis is one of the important aspects of 
plant-microbe interaction in which organic methods and 
allelochemical effects seem to play an important role. Ryan 
et al. (1994) found that colonization of wheat by vesicular- 
arbuscular mycorrhizal fungi was higher on a farm managed in 
an organic manner than on a conventional neighbour. These 
differences are attributed here and in recent textbooks on 
the subject (Smith & Read, 1997) to proper organic and
biodynamic management and allelopathic effects due to
adequate crop rotations. This coincides with the views of 
other researchers on the role of vesicular-arbuscular
mycorrhiza in sustainable agriculture and low external input 
systems (Mosse, 1986; Stoppler et al., 1990).
Fries et al. (1992) identified significant correlations 
between wheat endomycorrhizal infection and root health, 
while detecting negative effects of chemical disease control 
methods, which varied depending on wheat cultivars. Hoekstra 
(1989) observed significant beneficial effects of leguminous 
crops on potato production and on a lower incidence of
Verticillium dahliae, in various crop rotations with 
potatoes. These and the other references mentioned in item
2.6.4. on SAR and Phytoalexins, show how effective and 
important is the role of semiochemicals and elicitors in 
plant-microbe interactions (Ryals et al., 1994; Jackson & 
Taylor, 1996) . However, in the use of cross protection for 
plant virus disease control, some limitations and precautions 
must be taken into account, to avoid practices which can 
introduce uncontrollable infections instead (Fulton, 1986).
The alternative of virus phytoncidal control methods, was 
studied by researchers of the "Instituto Biológico de Sáo 
Paulo", who demonstrated the effective inhibiting action of 
several plant extracts (e.g.; Althernanthera ficoidea, 
Amaranthus deflexus, Bouganvillea spectabilis, Chenopodium 
ambrosioides and Mirabilis jalapa) in dilutions as high as 
1:200, on systemic plant virus infections (Noronha et al., 
1980 & 1983). The plants tested belong especially to the 
order Caryophyllales and observed inhibitions ranged from 
plant viruses like TSWV (tomato spotted wilt virus) and 
potato viruses X and Y (necrotic strains in tobacco plants),
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to animal viruses like aphtovirus, pseudorabies virus and 
pestivirus in cell cultures (Noronha et al., 1989 & 1995; 
Koseki et al., 1990; Alexandre et al., 1989).
Similar allelopathic strategies are suggested against plant 
mycoplasma diseases and vectors of mycoplasma-like organisms, 
which are difficult to control through agrochemical methods 
(Maramorosch, 1987).

2.6.8. Allelopathy in Soil-Plant Relationships
Inderjit and Mallik (1997) studied the effects of five 
phenolic compounds - catechol, protocatechuic, p-coumaric, p- 
hydroxybenzoic, ferulic acids and their mixture, on pH, 
organic matter, organic-nitrogen, total phenolic contents and 
certain inorganic ions of forest mineral soils (Ae and 13- 
horizons) . The Ae- and B-horizon soils were amended with 10"4 
M concentration of each phenolic compound and their mixture. 
In general, soil properties were affected by phenolic 
amendments. However, soils amended with catechol did not 
influence any of the soil characteristics. Contents of 
organic matter, nitrogen and phosphate were lower in soils 
amended with different phenolic compounds compared to the 
unamended control soil.
Another study (Inderjit et al., 1997) was conducted to 
understand the effects of certain phenolics, terpenoids, and 
their equimolar mixture through agar gel and soil growth 
bioassays and their recovery from soils. The eight compounds 
selected for this study were p-hydroxybenzoic acid, ferulic 
acid, umbelliferone, catechin, emodin, 1,8-cineole, carvone, 
and betulin. Lettuce (Lactuca sativa L.) was used as the test 
species for agar gel and soil growth bioassays. All compounds 
except emodin and catechin inhibited root and shoot growth of 
lettuce. However, in soils treated with different phenolics 
and terpenoids, only the root growth of lettuce was 
inhibited, whereas shoot growth was promoted. Recovery of p-
hydroxybenzoic acid and umbelliferone was higher in
unautoclaved soils, while that of catechin was lower.
Differences between treatments were attributed to the
differential degradation rates of compounds and the
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significance of additive or synergistic effects (Inderjit et 
al., 1997).
Because of these possible additive and synergistic 
interactions in the field, Inderjit and del Moral (1997) 
judged that separating allelopathy from resource competition 
is essentially impossible, basically because any experimental 
design to separate these two factors creates conditions that 
would never occur in nature.
A team at the Research Institute of Organic Agriculture 
(Obervil, Switzerland), is conducting a long-term study on 
the effect of different crops on soil micro-organisms at 
different depths and under different fertilizer use systems. 
The DOC (dynamic, organic & conventional) experiments compare 
biodynamic, organic and conventional farming systems. In the 
project's second year, results from wheat plots show that 
soil microbial biomass, ATP content, basal respiration and 
soil enzyme activities increased in the following order: 
unfertilized or mineral fertilizer < conventional < organic < 
biodynamic. Cellulose degradation and potential N 
mineralization were not influenced by the different systems 
(Alfoldi et al., 1995).
The differences in soil microbial biomass and dehydrogenase 
activity between systems were similar in the winter wheat, 
beetroot, potatoes, and grass clover plots. The soil 
microbial biomass increased from the potato to the winter 
wheat and grass clover plots in all systems (Alfoldi et al., 
1995).
The metabolic quotient increased with soil depth and 
increased in the order: biodynamic < conventional < mineral. 
Soil microbial biomass was significantly higher under the 
biodynamic system even in the 20-40 cm depth below the Ap 
horizon. These results point to the presence of allelopathic 
factors beyond the simple organic soil management in the BD 
treatment (Alfoldi et al., 1995; Mader et al., 1995).

144



2.7. Philosophical-Scientific Foundations
As organic and sustainable agriculture in general represent 
an alternative paradigm for the so-called "modern 
agrochemical model", besides being justifiably asked for 
experimental scientific evidence on the effectiveness of 
their techniques, they are also questioned for the 
philosophical basis in their criticisms to the conventional 
methods (Stonehouse, 1981; Lampkin, 1990; Schmid, 1993; 
Altieri, 1995).
Partly because of the lack of funds for organic agricultural 
research, a great deal of predominantly doxological 
(opiniatic), theoretical justification for the practical 
techniques was generated and suggested in several handbooks 
and manuals (Stonehouse, 1981) . This provided the alternative 
farming movements with more ideological, though less 
experimental, basis than the conventional methods, which 
rather relied on the pragmatic "higher-input, higher-yields" 
results and the farmer’s short-term needs for economic 
profits, in spite of clear environmental and health damage 
risks (Hodges, 1981 & 1982).
This turned out to be organic farming's strongest appeal for 
the public in general: taking into account the consequences 
of agricultural techniques in the ecological and social 
health context (Greenland, 1981; Hodges & Scofield, 1983; 
Reganold et al., 1990). Further progress in Ecological 
Sciences, culminating with the popularization of the Gaia 
hypothesis (Lovelock, 1988 & 1991), added to the 
philosophical justification, ethics and moral connotations 
for alternative farming methods (Vereijken & Baars, 1995; 
Altieri, 1995).
Biodynamic agriculture, from its very beginnings, sprouted 
from both practical farmers’ needs and a well-defined non
mainstream spiritual-scientific background, based on a 
spiritualistic philosophical school and tradition, which is 
as rational as its materialistic counterpart (Einstein, 1939b 
& 1983; Steiner, 1974 & 1981; Seddon, 1988). Richards (1989), 
in his introduction to the philosophy and sociology of 
science, comments on the social, moral and ethical 
implications of scientific advance and their frequent
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contradiction, if not clash, with political and economic 
interests. He mentions Steiner's spiritually and ethically 
directed approach to science and technology in this context.
Because of the implicit changes proposed to the current 
scientific establishment, any alternative paradigm is 
required epistemological justification and fundamentals 
(Kuhn, 1996). However, the continuous renewal and growth of 
scientific knowledge is the best evidence for the non
existence of sectarian and dogmatic "final theories". Thus, 
changes must be naturally accepted14 (Miller, ed. 1983), but 
the building of new theoretical approaches and explanations 
requires time and dedicated work15 (Kuhn, 1996). The demand 
for scientific soundness is fair enough regarding the perils 
of sectarianism, charlatanism and dogmatism; as long as it is 
applied to all kinds of scientific approaches, including in 
the case of agriculture, those of the transgenic and 
agrochemical establishment, with its clear commercial 
interests. So they must be also required epistemological and 
ethical justification on the basis of their safety and 
usefulness for both the biota and humankind as a whole 
(Lovelock, 1988 & 1991; Altieri, 1995) .

2.7.1. Scientific Intuition and Experimental Methodology
By epistemological fundamentals we mean the essential 
Philosophical-Scientific and methodological foundations, 
basis or background for sound experimental work, as opposed 
to purely doxological explanations and justifications for 
both phenomena and practices. Experimental methodology 
though, only exists in a complementary sense to the necessary 
intuitive theoretical creativity associated with observation: 
experimental methods can only test the validity of scientific 
discoveries16 (Popper, 1972a&b).
The Gaia hypothesis (Lovelock, 1988 & 1991; Lovelock & 
Margulis, 1989) and the theory of symbiotic origin of 
eukariotic cells (Margulis, 1970 & 1995), are thus inspired 
theoretical conceptions, which are continuously being put to 
the test and analysed in the light of experimental 
corroboration (Popper, 1972a&b). The same applies to General 
Relativity (Einstein, 1939a & 1940) as a theory of a higher
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degree of universality in relation to Newtonian Gravitation1 
(Miller, 1983). Henri Bergson considered intuition as the 
main factor for the acquisition of knowledge (Bergson, 1963).
Rudolf Steiner's Ph.D. thesis on the practical possibilities- 
for human acquisition of authentic knowledge about phenomena 
is based on the complementarity between perceptions and
conceptions. While physical senses give us the external 
observation of phenomena, which we cannot help contemplating, 
intellectual thinking cannot equally help interpreting the 
same observed phenomena. This intellectual interpretation or 
intuition of the causes behind the visible phenomenon are
proposed by Steiner as the very basis of fruitful thinking 
processes and ultimately of philosophical and scientific 
creativity (Steiner, 1981).
Popper's defence of critical rationalism is not in
contradiction with inspirational hypothesizing, as seen in 
endnote 16. In his writings on "The Beginnings of

ionalism", he points to the stimuli to new ideas coupled 
with constructive critical discussion as the "secret of the 
success" of Presocratic philosophers and the only genuine and 
non-dogmatic path for the growth of scientific knowledge. 
Furthermore, he emphasizes his "belief that philosophy must 
return to cosmology and to a simple theory of knowledge", and 
that "all science is cosmology" (Miller, 1983). This was the 
central theme in Steiner's lifelong work, from his philosophy 
thesis in 1891 (Steiner, 1981) to the Agriculture Course in 
1924 (Steiner, 1974), less than one year before his passing
away.
The actual problem for maintaining a sound and productive 
level of criticism is the basic requirement of unprejudiced 
knowledge of the subject in discussion - the very first rule 
of Descartes' (1979) method. However, criticisms from 
defenders of the establishment are not often totally unbiased 
and unprejudiced (Richards, 1989; Kuhn, 1996) .
Nevertheless, submitting hypotheses to the crucible of 
critical discussion and experimental testing is a fundamental 
need from which new approaches like, organic farming, 
biodynamics, applied allelopathy or the Gaia theory can only 
benefit in the context of a true quest for holistic
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knowledge. Holistic is here viewed as a systems model of 
scientific methodology, in the context of what some authors 
call Bio-philosophy, combining analytic and synthetic 
perspectives (Sattler, 1986; Hill, 1985; Bortoft, 1985), 
instead of the generalist concept of some obscure thinkers 
attempting to "know a lot about specifically nothing" 
(Medawar & Medawar, 1985) .
Modern thinkers like Capra (1982 & 1991), explored the
parallels between modern physics and eastern mysticism, 
proposing a more holistic approach to science and society. 
However, they seem to have forgotten that the same basic 
eastern postulates of polarity and wholeness were present, 
maybe in a more rationalized form, in the postulates of 
classical western philosophy (Steiner, 1974 & 1981; Popper, 
1972a & 1994; Miller, 1983) .
Bertrand Russell (1872-1970) in his reputed history of 
western philosophy, although writing from a somewhat biased 
positivist perspective, confirms both these aspects and 
Popper's praise of the Presocratics, in terms of their 
creative freedom of discussion (Russell, 1961; Popper, 1972a 
& 1994; Miller, 1983; Copleston, 1993) .
Polarity in classical Greek philosophy, was expressed in the 
principles of attraction and repulsion, movement and repose, 
male and female of their Cosmology and Theogony, the 
Pythagorean odd and even, the Apollinean and Dyonisiac of 
Aesthetics. It was also present in the moral teachings of 
Socrates on pleasure and pain, on the notions of Good, 
Beautiful, Just, Useful and their respective polar opposites 
(Xenophont, 1972; Copleston, 1993).
Steiner proposes polarity in the sense it was masterly 
defined by Ralph Waldo Emerson18 (1903) and from Goethe's 
(1993) Natural Science perspective, not just as a 
metaphysical postulate, but manifest in the practical 
contrasts between quantity and quality, anabolism and 
catabolism, health and disease, stimulation and inhibition, 
with obvious applications in fields like agriculture and 
medicine (Schad, 1977; Steiner, 1974 & 1981; Riegner, 1987; 
Seddon, 1988).
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Koestler (1972) identifies polarity as a basic principle in 
nature itself: as differentiation and integration, as a dual 
character of being a subordinate part and at the same time an 
autonomous whole. He emphasizes that "this basic polarity is 
not a metaphysical postulate, but a direct consequence of the 
dual nature of every stable biological unit as a self-reliant 
whole and as a dependent part of a larger whole..." "In 
Quantum physics, the Principle of Complementarity ascribes to 
sub-atomic entities a dual nature - the capacity to behave as 
a particle, a small, compact whole, and alternatively as a 
wave-function... The forces through which the basic polarity 
manifests itself vary on each level, but there is 
nevertheless the same pattern running through the whole 
gamut" (Koestler, 1972).
These views were shared and further explained by some of the 
most distinguished physicists of our time, in fields that 
range from quantum mechanics to astrophysics (Bohm, 1989; 
Bohm et al., 1996; Hawking, 1998).

2.7.2. Spiritual-Scientific Approach
Central to Steiner's work is the concept of a spiritual 
dimension to reality, leading to a spiritual science and 
methodology which was the aim of his formal philosophical and 
scientific training and research (Steiner, 1981) . In the 
highly controversial and troubled Central European context 
between the two world wars, the interest generated by 
Steiner's ideas and the impulse to put them into practice, 
led to the constitution of the Anthroposophical Society 
between 1912 and 1923, expressly non-sectarian and 
apolitical, with its world-wide centre at the Goetheanum - 
School of Spiritual Science, in Dornach, Switzerland (Seddon, 
1988).
The search for a rational spiritualistic approach is not 
strange to the very origins of the scientific method19 
(Descartes, 1637 & 1979) with its spiritual-metaphysical 
foundations20, although from the second half of the 19th 
Century the scientific mainstream establishment has adopted a 
materialistic status, though unofficial (Koestler, 1972; 
Capra, 1991; Bohm et al., 1996).
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In relation to plant development, Steiner explains the 
harmonic sequence of morphogenic and organogenic growth as an 
expression of a "time-body", that can be understood in terms 
of the four-dimensional relativistic space-time continuum 
(Einstein, 1939a; Edwards, 1993). This approach of plant 
development springs out partly from Goethe's "Metamorphosis 
of Plants" (Goethe, 1993), which gained renewed consideration 
after the discovery of the totipotency of plant calluses in 
organogenesis, resembling in practice Goethe's theoretical 
transformations of the archetypal leaf (Mantell, 1985; 
Sattler, 1986; G. Chapman and S. Mantell, personal 
communication, Wye College 1989).
This extra-physical dimension, as previously mentioned (items 
2.5 & 2.5.1), is related to the formative dynamic processes 
that would play a hypothetical role as mediators of four
dimensional geometrodynamic archetypes (Einstein, 1939a &
1940; Edwards, 1993; Stewart, 1995). According to some 
researchers, these archetypes or entelechies would most 
probably also possess a corpuscular nature, nay more, share 
the particle and wave duality of three-dimensional matter 
(Andrade, 1960 & 1968).
The nature of these hypotheses also applies to the question 
of rationality of spiritual-scientific research and theories, 
that was the subject of serious works for several universally 
respected scientists and philosophers, including Nobel Prize
winners (Aizpurua, 1986):
• Charles Richet (1850-1935), most distinguished French 

Physiologist, medical and psychological researcher, 1913 
Nobel Prize of Medicine, was the founder of Metapsychics, 
having found experimental evidence for spiritual phenomena 
(Richet, 1923).

• Henri-Louis Bergson (1859-1941), famous French Philosopher 
and writer, 1927 Nobel Prize of Literature, was President 
of the British Society for Psychical Research (1913) and 
introduced important concepts relating creative evolution, 
memory, thought, telepathy and spiritual energy (Bergson, 
1963).

• Alfred Russel Wallace (1823-1913), the well-known British 
Naturalist and co-discoverer with Charles Darwin, of
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natural selection and biological evolution, wrote a famous 
defence of modern spiritualism (1891).

• Camille Flammarion (1842-1925), the famous French
Astronomer, emphasized in his works the important
connections between Astrophysics, time and the speed of 
light, biological and spiritual evolution ("Mémoires d'un 
Astronome", 1913 & "Dieu dans la Nature", 1960).

• Eminent British Physicists, like Sir William Crookes
(1832-1919), discoverer of Thallium and the Cathodic Rays 
(Crookes' tube); and Sir Oliver Lodge (1851-1940), whose 
research works constitute historical landmarks in
spiritual research and Parapsychology.

• The respected German Astronomer and Physicist Johann Karl
Friedrich von Zdllner (1834-1882) was one of the first to 
suggest a four-dimensional universe as the explanation for 
Spiritist phenomena in his Transcendental Physics
(Andrade, 1968; Aizpurua, 1986).

So, a spiritual-scientific approach is also experimentally 
testable and related phenomena, like extra-sensorial 
perception (ESP), psycho-kinesis (PK) and the effectiveness 
of spiritual healing, have been the subject of rigorous 
research with statistically significant and repeatable 
results (Rhine & Pratt, 1965; Scofield & Hodges, 1991).
Nevertheless, defending the possibility of a spiritual- 
scientific method, does not mean accepting all of Rudolf 
Steiner's hypotheses. For example, his claims that animal 
bodies are not actually composed by the nutrient elements 
incorporated through foodstuffs are held untenable by the 
current and recent research using isotopes in both animal and 
human nutrition experiments (Pond et al., 1993; Mellon & 
Sandstrom, eds. 1996; van den Heuvel et ai., 1998) and in 
environmental sciences (Knowles & Blackburn, eds. 1992).
However, this also does not invalidate Steiner's significant 
contributions, it simply shows that as any human being, he 
could not possibly get all of his guesses right (Popper, 
1972a&b & 1994; Miller, 1983). The important points here are 
the hypotheses that do seem to correctly apply in such a 
practical field as Agriculture, in the way Steiner himself 
put it: "Spiritual Science is like a tree that, while rooted
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in the spiritual world, must grow, branch and produce its 
fruits in our material world" (Steiner, 1974; Seddon, 1988).
The genuine objective in Philosophy and Science is to find 
the best explanations, ethical and practical solutions for 
real phenomena and problems, instead of seeking for a 
predominance of one paradigm over the other, of materialism 
over spiritualism or vice-versa (Richet, 1923; Andrade, 1960 
& 1968; Flammarion, 1913 & 1960) . That is probably what has 
led Albert Einstein (1939b) to state that 'religion without 
science is blind and science without religion is lame".

Chapter 2 - Notes:

1 The most advanced scientific concept of ecological balance, according 
to the Gaia hypothesis (gradually acquiring theory s t a t u s ), is that 
Planet Earth itself constitutes a superorganism, with its own 
evolutionary-adaptive auto-regulation systems. The following 
definitions for these "equilibrium components" used throughout this 
work are taken from the book Global Ecology (edited by Rambler et al, 
1989):
• Homeostasis - when a regulatory system (e.g.; physiological)

actively maintains specified variables at relatively constant 
levels (i.e.; constant or fixed set points) in spite of perturbing
influences (e.g.; room thermostat at 22°C or room humidifier at 40%
RH; embryonic pH and ionic strength).

• Hoircsorrhesis - when a regulatory system (e.g.; physiological)
actively maintains specified variables that change with time (i.e.; 
operating points) at relatively constant levels, in spite of 
perturbing influences (e.g.; embryonic growth and morphogenesis; 
period and intensity of the seasons' rhythms).

• Autopoiesis - the organising principle of life, through which the 
boundary structure of an entity (e.g.; cellular membrane), its 
metabolic and energy exchange processes are determined by the 
entity's internal organisation and by its dynamic interaction with 
its immediately surrounding environment (e.g.; from the growth of 
colonies of unicellular organisms to the formation of the Earth's 
atmosphere).

2 "The Gaia hypothesis, until now of interest only to certain 
interdisciplinary scientists, may some day provide a basis for a new 
kind of ecological science (Lovelock, 1982). To emphasize the 
integration aspects of this planetary science we suggest the term 
geognosy (from Greek, meaning knowledge of the Earth)" (Margulis and 
Lovelock, 1989) .
3 Prof. Dr. Paulo Sodero Martins, Senior Lecturer in Ecological 
Genetics in the Agronomy course at the Superior School of Agriculture 
"Luiz de Queiroz" (ESALQ) - University of Sao Paulo, proposed that 
"Agronomy can be essentially defined as the study and management of 
intra and interspecific relations in agroecosystems".
4 In Margulis' & Lovelock's own words "The Gaia hypothesis is a theory 
of the atmosphere and surface sediments of the planet Earth taken as a 
whole. This hypothesis, in its most general form, states that the 
temperature and composition of the Earth's surface are actively

152



regulated by the sum of life on the planet - the biota. Major aspects 
of the Earth's surface are dynamically maintained in frantic 
stability. That is, as changes in the gas composition, temperature, or 
oxidation state are induced by astronomical, biological, or other 
perturbation, the biota responds to these changes by growth and 
metabolism. The biological responses, taken together, serve to 
ameliorate the changes. This regulation of the Earth's surface 
activities by the biota and for the biota has been in continuous 
existence since the earliest appearance of widespread life - for at 
least 3 billion years. This Gaian view is a radical departure from the 
former widely accepted concept of modern evolutionists that life on 
Earth is surrounded by and adapts to an essentially static 
environment. A Gaian view not only has important implications for 
understanding life's past but is also relevant to the design and 
interpretation of observations and experiments on present life 
(Lovelock, 1988)".
5 In the Preface of Realism and the Aim of Science - postscript to the 
Logic of Scientific Discovery (1994), Karl Popper raises 
criticizability as the most important parameter of scientific 
evaluation (p.7): "Scientific theories are distinguished from myths 
merely in being criticizable, and in being open to modifications in 
the light of criticism. They can be neither verified nor 
probabilified." (p.8): "I disbelieve in specialization and in experts. 
By paying too much respect to the specialist, we are destroying the 
commonwealth of learning, the rationalist tradition, and science 
itself".
6 Professor Dr. Edmar J. Kiehl, Senior Lecturer in Soils and Organic 
Fertilizers in the Agronomy course at the ESALQ - University of SSo 
Paulo, used to say that "while Agronomy is the Science, the 
experimental and theoretical study of agricultural phenomena and 
processes, Agriculture is the Art of applying and adapting agronomic 
techniques to diverse rural conditions".
7 The pole definition that applies here is the more general one of 
"each of two opposed (and often complementary) principles", or a 
"fixed point to which others are referred"; thus, polarity in this 
context means the "possession of two poles having contrary (often 
complementary) qualities", not being restricted to the straightforward 
"electrical (or magnetic) condition of a body (or atom) as positive or 
negative". In The Concise Oxford Dictionary (1974) and The Oxford 
Dictionary of Current English (1988), Oxford Univ. Press.
8 "The non-mathematician is seized by a mysterious shuddering when he 
hears of "four-dimensional" things, by a feeling not unlike that 
awakened by thoughts of the occult. And yet there is no more common
place statement than that the world in which we live is a four
dimensional space-time continuum". Albert Einstein's own spirited 
opening remarks for Chapter XVII (Minkowski's Four-Dimensional Space) 
of his popular exposition of Relativity: the Special and the General 
Theory (1939a), pp. 55-57.
9 Johannes Kepler, in his "De Fundamentalis Astrologiae Cretioribus" 
(The More Reliable Bases of Astrology, 1601) rejected the 
superstitious views that the stars guide the lives of human beings. 
Nonetheless, his deep feeling for the harmony of the Universe included 
a belief in the harmony between the Universe and the individual... In 
"Kepler", Encyclopaedia Britannica, Macropedia, Vol. 22, 1995.
10 In Richard Seddon's 1988 edition of Steiner's selected readings, we 
find the following remarks on the importance of the scientific method 
in the chapter on "Natural Science and Spiritual Science": "We must 
begin by acquiring the discipline that modern science can teach us; 
and then, taking the strict methodology we have learned, transcend it, 
so that we use the same exacting approach to rise into higher regions. 
For this reason I believe - and I want this to be expressly stated -
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that nobody can attain true knowledge of the spirit who has not 
acquired scientific discipline, who has not learned to investigate and 
think in the laboratories according to modern scientific method. Those 
who pursue spiritual science have less cause to undervalue modern 
science than anyone...".
11 Prof. Dr. Herbert H. Koepf is a former Head of the Soils Department 
at the University of Hohenheim (Germany) , was the Chairman of the 
International BD Research Circle through many years, co-ordinator of 
the BD Agriculture courses and research initiatives in Britain 
(Emerson College, Sussex) and the US (Michael Fields Agricultural 
Institute, Wisconsin) and author of several books and articles on 
Organic and Biodynamic Agriculture.
12 Kepler, in chapter 28 of his "Astronomia Nova" (1609), says: 
"Nothing exists nor happens in the visible sky that is not sensed in 
some hidden manner by the faculties of Earth and Nature: (so that) 
these faculties of the spirit here on earth are as much affected as 
the sky itself". In The Roots of Coincidence, by A. Koestler (1972),
pp.106.
13 Schad (1977) in Chapter 2 (The Human Organism as Threefold) of his 
book gives a necessary explanation: "Nerve-sense processes, though 
centred in the head, are found throughout the entire organism. 
Similarly, though rhythmic processes are to be observed everywhere in 
the organism, they have their centre in the region of the chest. 
Metabolic processes also take place in every part of the body, but 
they predominate in the limbs and in the organs of the abdominal 
cavity. These facts should not be confusing. On the contrary, the more 
we discover of threefoldness in the processes of every system, organ, 
and tissue, and even of cellular construction, the more we find that 
the great complexity of the organism is made understandable only by a 
point of view capable of bringing order into the diversity it must 
necessarily take into account".
14 Karl Popper, in page 165 of David Miller's edition (1983) of his 
writings, states: "...I reject the idea of an ultimate explanation: I 
maintain that every explanation may be further explained, by a theory 
or conjecture of a higher degree of universality. There can be no 
explanation which is not in need of a further explanation, for none 
can be a self-explanatory description of an essence (such as an 
essentialist definition of body, as suggested by Descartes)".
15 Thomas Kuhn, in page 7 of his famous work "The Structure of 
Scientific Revolutions" (1996), says: "The invention of other new 
theories regularly, and appropriately, evokes the same response from 
some of the specialists on whose area of special competence they 
impinge. For these men the new theory implies a change in the rules 
governing the prior practice of normal science. Inevitably, therefore, 
it reflects upon much scientific work they have already successfully 
completed. ...Its assimilation requires the re-construction of prior 
theory and the re-valuation of prior fact, an intrinsically 
revolutionary process that is seldom completed by a single man and 
never overnight".
16 Popper (1972b), in pp. 31-32 of his famous Logic of scientific 
dis c o v e r y: "It is another matter if we want to reconstruct rationally 
the subsequent tests whereby the inspiration may be discovered to be a 
discovery, or become known to be knowledge. In so far as the scientist 
critically judges, alters or rejects his own inspiration we may, if we 
like, regard the methodological analysis undertaken here as a kind of 
"rational reconstruction" of the corresponding thought-processes. But 
this reconstruction would not describe these processes as they 
actually happen: it can give only a logical skeleton of the procedure 
of testing. Still, this is perhaps all that is meant by those who 
speak of a "rational reconstruction" of the ways in which we gain 
knowledge. ...However, my view of the matter, for what it is worth, is 
that there is no such thing as a logical method of having new ideas,
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or a logical reconstruction of this process. My view may be expressed 
by saying that every discovery contains "an irrational element", or "a 
creative intuition", in Bergson's sense. In a similar way Einstein 
speaks of the "search for those highly universal laws... from which a 
picture of the world can be obtained by pure deduction. There is no 
logical "path" he says, "leading to these...laws". They can only be 
reached by intuition, based upon something like an intellectual love 
("Einfühlung") of the objects of experience".
17 In page 165 of "A Pocket Popper", edited by David Miller, there is a 
beautiful example of scientific honesty and humbleness, in a quote 
from Isaac Newton's "Sholium generale - Principia": "So far I have 
explained the phenomena... by the force of gravity, but I have not yet 
ascertained the cause of gravity itself... and I do not arbitrarily 
(or ad hoc) invent hypotheses".
18 Ralph Waldo Emerson in his Essays (1903), offers a wonderful picture 
of Polarity in the chapter on Compensation (pp. 55-56): "Polarity, or 
action and reaction, we meet in every part of nature; in darkness and 
light; in heat and cold; in the web and flow of waters; in male and 
female; in the inspiration and expiration of plants and animals; in 
the equation of quantity and quality in the fluids of the animal body; 
in the systole and diastole of the heart; in the undulation of fluids 
and of sound; in the centrifugal and centripetal gravity; in 
electricity, galvanism and chemical affinity. Super-induce magnetism 
at one end of a needle; the opposite magnetism takes place at the 
other end. If the south attracts, the north repels. To empty here, you 
must condense there. An inevitable dualism bisects nature, so that 
each thing is a half and suggests another thing to make it whole; as, 
spirit, matter; man, woman; odd, even; subjective, objective; in, out; 
upper, under; motion, rest; yea, nay.
Whilst the world is thus dual, so is every one of its parts. The 
entire system of things gets represented in every particle. There is 
somewhat that resembles the ebb and flow of the sea, day and night, 
man and woman, in a single needle of the pine, in a kernel of corn, in 
each individual of every animal tribe. The reaction, so grand in the 
elements, is repeated within these small boundaries"(i. e., the 
phenomena or even an experimental model).
19 Descartes in pp. 89-91 of the edited 1979 edition of his most famous 
Discours de la Méthode, presents the proofs of existence of the Self 
(by reductio ad absurdum) and of the human soul as the very 
Fundamentals of his Metaphysics (Fondements de la Métaphysique) . We 
transcribe (in both this and other quotations of Descartes) the 
original French text and its respective translation, for the sake of 
both fidelity and clarity:
• Mais, aussitôt après, je pris garde que, pendant que je voulais 

ainsi penser que tout était faux, il fallait nécessairement que moi, 
qui le pensais, fusse quelque chose. Et remarquant que cette vér i t é : 
'je pense, donc je suis', était si ferme et si assurée, que toutes 
les plus extravagantes suppositions des sceptiques n'étaient pas 
capables de l'ébranler, je jugeai que je pouvais la recevoir, sans 
scrupule, po u r  le premier principe de la philosophie, que je 
cherchais. ...je connus de là que je j'étais une substance dont 
toute l'essence ou la nature n'est que de penser, et qui, p o u r  être, 
n'a besoin d'aucun lieu, ni en dépend d'aucune chose matérielle. En 
sorte que ce moi, c'est-à-dire l'âme p a r  laquelle je suis ce que je 
suis, est entièrement distincte du corps, et même qu'elle est plus 
aisée à connaître que lui, et gu 'encore qu'il ne fût point, elle en 
laisserait pas d'être tout ce qu'elle est. "But, all at once, I took 
heed that while I wanted to think that everything were false, it 
necessarily behoved that I, who thought that, was something. And 
remarking that this truth: 'I think, therefore I am', was so firm
and so assured that even the most extravagant suppositions of the 
sceptics were not capable of shaking it, I judged that I could
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receive it, without scruple, as the first principle of the 
philosophy I searched for. ...I knew from it that I was (made) of a 
substance from which all essence or nature is nothing but thinking, 
and which for being, neither needs any place nor depends on any 
material thing. In such a way that this 'myself', i.e., the soul 
through which I am what I am, is entirely distinct from the body, 
and even easier to know than this latter, and even if 'he' (the 
body) were nothing, 'she' (the soul) would not cease to be all 'she' 
is".

• Further on pp. 92-96, Descartes offers the proof of God's existence 
(Fondements de la Métaphysique): ...je m'avisai de chercher d ’où
j 'avais appris à penser à quelque chose de plus parfait que je 
n ' étais;.. . De façon qu'il restait qu'elle eût été mise en moi p a r 
une nature qui fût véritablement plus parfaite que je n'étais, et 
même que eût en soi toutes les perfections dont je pouvais avoir 
quelque idée, c'est-à-dire, pour m'expliquer en une mot, qui fût 
Dieu. ...et que, p a r  conséquent, il est p o u r  le moins aussi certain, 
que Dieu, qui est cet être parfait, est où existe, qu'aucune 
démonstration de géométrie le saurait être. "...I set myself to 
search from where had I learned to think of something more perfect 
than myself;... In a way that I was left to think that this idea was 
set up in me by a nature which was truly more perfect than myself, 
even possessing in itself all the perfections which I could have any 
idea of, i.e., to explain myself in a single word, which was God. 
...and consequently, it is at least as sure that God, which is this 
perfect being, is or exists, as any demonstration of geometry could 
be" (by reductio ad absurdum again).

20 Étienne Gilson, of the Académie Française, in his commented 1979 
edition of the 1637 original of Descartes "Discours de la Méthode", 
offers a concise analysis of this most fundamental work of modern 
philosophy and science. He stresses the radically rational, whereas 
essentially spiritualistic nature of its metaphysical foundations (in 
Descartes' own words as it is above shown) by showing; first, the 
impossibility of doubting one's own thinking and therefore one's own 
undeniable existence; second, the existence of God as the necessary 
and sufficient condition for human judgement, discernment and 
knowledge. Gilson analyses the three basic aspects of Descartes'
Philosophy; a) The methodical doubt, b) The first principle and c) 
Proof of God's existence through causality (Étienne Gilson's 
Introduction - a) Le doute méthodique; b) Le premier principe; c) 
Preuve de l'existence de Dieu p a r  la causalité); in pp. 14-17: a) Le 
doute méthodique consistera donc premièrement à considérer
provisoirement comme fausses toutes nos opinions passés, mais ensuite, 
et surtout, à méditer longuement sur les raisons que nous pouvons 
avoir de les mettre effectivement en doute. "The methodical doubt 
firstly consists in provisionally considering as false all of our past 
opinions, but at once and above all, in extensively meditating on the 
reasons we can have to effectively doubt them", b) ...pour douter que 
je pense, il faut que je pense, donc aussi que j'existe. Ainsi, du 
doute le plus radical jaillit la première évidence: je doute, donc je
suis, "...to doubt that I think it is necessary that I think,
therefore that I exist as well. Thus, from the most radical doubt 
springs the first evidence: I doubt, therefore I am", c) Mais pour 
savoir que je doutais, il fallait que j'eusse l'idée de ce qui 
manquait à ma connaissance pour qu'elle fût une parfaite certitude; je 
discernais donc l'imparfait du parfait; mais po u r  opérer ce 
discernement, il fallait d'abord que j'eusse l'idée de parfait.

.Étant quelque chose, elle doit, comme tout ce qui existe, relever 
du principe de causalité: rien n'est sans cause; ...Il nous faut donc 
découvrir une cause de notre idée de parfait qui contienne autant de 
réalité qu'en représente cette idée;...un être lui-même parfait peut 
seul être cette cause, et comme Dieu est le nombre p a r  lequel on

156



désigne un être parfait, il est évident que Dieu existe. Nous disions 
d'abord: je doute, donc je suis; nous pouvons ajouter désormais: je 
doute, donc Dieu est. "But to know that I doubted it was necessary 
that I had an idea of that which was lacking to my knowledge in order 
that it could become a perfect certitude; I discerned therefore 
perfect from imperfect; but, to operate this discernment, it was 
necessary, first of all, that I had the idea of perfect. ...Being 
something, this idea of perfect should, like everything that exists, 
participate in the principle of causality: there's nothing without a 
cause; ...It behoves us therefore to discover a cause for our idea of 
perfect that contains as much reality as that which this idea 
represents; ...only a being itself perfect can be this cause and as 
God is the name by which we define a perfect being, it is evident that 
God exists. Previously we said: I doubt, therefore I am; we can add 
from now on: I doubt, therefore God is".
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CHAPTER 3
General Materials and Methods

"Good scientists study the most important problems they think they cansolve__ The spectacle of a scientist locked in combat with the forces of
ignorance is not an inspiring one if, in the outcome, the scientist is routed. That is why some of the most important biological problems have not yet appeared 
on the agenda of practical research". Sir Peter Medawar "The Art of the Soluble"

3.1. General Methodology
The general methodology described in this chapter applies to 
a total of ten experiments, including eight field trials and 
two under glasshouse conditions, carried over the period 
between March 1993 and December 1996, and which are described 
in detail in the respective chapters listed in Table 3.1.
Table 3.1. List of chapters and their respective experiments.
Chapter Number

Chapter 4 
Chapter 5 
Chapter 6 
Chapter 7 
Chapter 8 
Chapter 9 
Chapter 10 
Chapter 11

Experiment Number, Test Crop and Year
experiment 1, wheat 1993 
experiment 2, potato 1993 
experiment 5, wheat 1994 
experiment 6, potato 1994 

experiments 3 & 4, green manures 1994 
experiment 7, wheat 1995 
experiment 8, potato 1995 

experiments 9 & 10, glasshouse wheat 1996

Although compost production for the trials was also conducted 
experimentally, the three composting experiments described in 
section 3.5. are not considered in the above-mentioned total 
and their results serve only for the provision of data about 
the nutrient-element contents of the composts applied to the 
organic and biodynamic (BD) treatment systems' plots in the 
different trials. These compost applications were calculated 
in order to offer the plants an equivalent amount of 
available nutrients, especially nitrogen, in relation to the 
positive controls with chemical fertilizers. Specific 
information is given in each trial's chapters and the 
relevant sections that follow.
The general experimental plan used RCB designs, which were 
further structured as either split-plots or factorial 
experiments, according to each trial's specific needs and 
objectives (Cochran & Cox, 1957) . To avoid any bias, trials
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were carried out using blind or, more generally, double-blind 
coding. In the first case only treatments were masked with 
codes, while in the second both treatments were coded and 
evaluated samples were transferred to new and randomly re
numbered containers by Dr. Peter Dodds, who kept the identity 
of both treatments and samples till all evaluations were 
completed. The general codes used apply especially to the 
main "treatment systems" (as they consisted of a combination 
of practices) compared in the systems approach series of 
trials, as follows:
• "A" = Nil Control, with no fertilizer and spraying of the 

same water used to dilute the other field sprays, 
submitted to the same stirring procedures.

• "A+" = Agrochemical positive-control, using "state-of-the- 
art" doses of chemical fertilizers and foliar sprays which 
mimicked the biodynamic and organic treatments (MAFF/ADAS, 
1988 & 1994).

• "B & C" = blind Organic or Biodynamic (BD) treatment 
systems, manured with standardized compost treated with 
and without BD preparation sets and sprays, all blind- 
labelled.

As compost was used in the Organic and Biodynamic treatment 
systems, their treated plots could easily be distinguished 
from the Nil Control and Agrochemical positive-control plots. 
So, the actual blind codes applied only to the same "B & C" 
treatment systems (in field trials 1993 & 1995), which were 
equally used in relation to compost heap replicates (1993, 
1994 & 1995), compost based sprays (in field trial 1994 and 
glasshouse experiment 1996) and the mimic versus real P501 
field sprays (in the split-plots of field trial 1995).
Identical standard procedures were adopted for all practices. 
Compost was made using the very same material, equipment and 
under the same controlled conditions. The dilution,
dynamization and application of both BD field sprays and 
their mimic equivalents used identical and individual 
barrels, containers and knapsack sprayers, which were 
absolutely clean and new. Sample collection, processing, 
storage and evaluations were carried out in blocks of 
replicates, under the same general conditions and timing.
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The identity of "B & C" treatments was kept absolutely secret 
by three Wye College lecturers - Drs. Peter Dodds, Ray Davis 
and Ian Lean, who were independent from the research 
supervision. Renumbered sets of sample evaluation results 
were periodically handed over to Dr. Dodds, in order to be 
re-grouped in blocks under the general codes "A, A+, B & C" 
for statistical analyses. Codes were not revealed until the 
final complete print-out of results was handed over to Dr. 
Peter Dodds, on Friday the 22nd May 1998, after all quality 
evaluation tests and the essential part of the statistical 
analyses of data was completed (Scofield & Hodges, 1991).
Data analysis used the method of contrasts of interest, which 
allow specific comparisons of selected relevant treatments 
(Pearce, 1992). Statistical analyses were performed using the 
general statistical program especially suited for biological 
agricultural data - Genstat 5, (Releases 3.1 & 4.1, for Sun 
Sparc/SunOS & Sun/Solaris workstations, respectively) from 
the Lawes Agricultural Trust, Rothamsted Experimental Station 
(Genstat 5, http://www.nag.co.uk/stats/tt soft.asp).
The parameters evaluated for the different trials were:
• Wheat - yields, corrected for 14% grain moisture content

(MC); three Destructive Growth Analyses (DGAs) for crop 
stand and biomass (FWt & DWt of stems + leaves separated 
from ears) and weed biomass (FWt & DWt) ; TGW and HFN for 
all wheat trials. Grain N (crude protein), P and K 
contents only for wheat trials 1993 & '95; grain ash, Ca
and Na contents analysed only for the 1993 trial. Weed 
species classification only for the 1995 trial.

• Potato - fresh and dry weight (FWt & DWt) yields, dry 
matter contents (DM%), tuber size grading (weights of 
'ware' & ’chats') and tuber pest damage. Plant visual 
assessments of vigour, growth form, canopy cover, blight 
(Phytophthora infestans) and weed incidence. Storage 
losses through tissue browning (weights and %, due to 
diseases and physiological causes) measured for all 
trials. Browning losses and marketable tubers (FWt & DWt) 
per hectare were estimated, and three plant and weed DGAs, 
including weed species classification, were performed only 
for the 1995 trial.
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• Green manures - one DGA for total (FWt & DWt) biomass and 
DM%.

• Soil ammonium- and nitrate-nitrogen contents - three 
samples were taken during crop growing season of the 1993 
trials for both wheat and potatoes, plus a final sample 
after harvest for each crop in the 1995 trials.

• Glasshouse wheat plants were phenologically evaluated 
through periodic measurements of shoot height and number 
of tillers, besides the final FWts, DM%s & DWts of both 
plants and ears.

The materials and methods that apply to more than one 
experiment are described in the relevant sections of this 
chapter, which group these similar experiments under a single 
heading, e.g.; 'Field Trials 1993'. The distinctive and 
specific materials and methods that apply to a single 
experiment are described in detail in separate specific 
chapters, and only a brief reference to these is made in the 
relevant sections of this chapter, e.g.; 'Wheat Trial 1993 - 
Experiment 1'. The reason why 'Field Trials 1995 
Experiments 7 & 8' (section 3.3.3) appears in this chapter 
before 'Wheat & Potato Trials 1994 - Experiments 5 & 6' 
(sections 3.4.1.1 & 2), is because the former is a sub-item 
of section 3.3. ('Systems Approach Field Trials'), while the 
latter belong to section 3.4. ('Analytical Approach Trials') 
and because experiments were chronologically numbered 
according to their respective years. For similar reasons, 
Experiments 5 & 6 are the subjects of Chapters 6 & 7, while 
Chapter 8 consists of Experiments 3 & 4 (Green Manure 
Rotations 1993-94), whose effects directly reflected on 
'Field Trials 1995 - Experiments 7 & 8'.

3.2. Systems and Analytical Approaches
The main set of comparative and consecutive field trials was 
cultivated in the very same marked plots, supplemented by 
green manure rotations, in order to compare the ensemble of 
techniques from Organic, Biodynamic and Agrochemical systems, 
while simulating the conditions present in real farms.
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These were called the Systems Approach Field Trials 
(Pettersson, 1978; Sattler, 1986; Anderson./ 1992; Vereijken, 
1992; Vereijken et al., 1994 & 1995; Hogh-Jensen, 1998).
A supplementary set of field trials and glasshouse 
experiments using either split-plot or factorial RCB designs, 
was used to test the individual effects of organic and 
biodynamic (BD) sprays, in the context of applied allelopathy 
(Rice, 1984 & 1995) and their interactions with the manuring 
systems. These were called the Analytical Approach Trials.
The main purpose was the comparative evaluation of yields and 
quality of agricultural produce, through storage and 
laboratory analyses (e.g.; DM%, TGW, HFN) which were both 
equivalent and relevant to current farmers' practices and 
interests (Schuphan, 1972; Knorr, 1979; Abele, 1987b; 
Woodward et al., 1990; Anderson, 1992; Vereijken, 1992). Two 
crops of world-wide economic importance with contrasting and 
complementary features, summarized in Table 3.2, spring wheat 
(T. aestivum) and potatoes (S. tuberosum), were used in order 
to better assess the supposedly subtle allelopathic and 
dynamic effects (Purseglove, 1968 & 1972; Rice, 1984) .
Table 3.2. Contrasting and complementary experimental features of 
Wheat and Potatoes in botanical and agronomic terms.

Wheat_____  ____ Potatoes
Monocotyledon Dicotyledon

Grain/fruit production Tuber/Stem production
Old World Crop New World Crop

High DM% and Si Contents_______ Low DM% and Si Contents

3.2.1. Wheat Cropping System and Plots
Spring wheat (T. aestivum, var. Canon) was used instead of 
winter wheat in all trials, both for its better baking 
quality and because its cultivation conditions in South
eastern England are more similar to the ones under which 
tropical winter wheat is grown in Southern Brazil (Spicer, 
1975; Fries et al., 1992; Zago, 1994; Kent & Evers, 1994; 
Silva & Reinert, 1995).
Spacing and drilling rates were calculated for an average 
stand of 5, 000, 000 plants per hectare, or 500 plants.m'2. As 
the average TGW of seeds was 37.50 g, the seed weight 
required was 18.75 g.m'2. The same sacks of certified 'Canon'
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seeds were kept at 5°C in the Crops Laboratories cold room 
and used in all wheat trials.
The mechanical precision-drill 'Hege 80* (Plate 4.1, Chapter 
4) used in the trials sows the total specified volume of 
seeds in 10 (ten) lines or rows spaced 18.2 cm from each 
other, resulting in a total width of 2 metres, including the 
two tractor's wheeling tracks of 9 cm each in the edges of 
the drilled plots (see Appendices 36, 38 and 40).
Standard plot size was 24 m2, 12 m long and 2 m wide, defined 
by the drill-pass width. So the total necessary seed weight 
calculated per plot or drill-pass was 450 g, which were 
filled into 48 paper bags for field trials 1993 & 1995, while 
wheat trial 1994 required 80 bags.
Wheat trial 1993 used a double-plot size (48 m2, see Appendix 
36) to allow for a future split-plot design, which was 
effectively used in wheat trial 1995 (Appendix 40) . Wheat 
split-plot trials 1994 & 1995 used the 'one drill-pass' 
single-plot size (24 m2, Appendix 38).
Soil tillage consisted of disk ploughing immediately followed 
by power harrowing. No herbicides were used for their 
possible metabolic interference with allelopathic and BD 
treatments and no other weed control method, besides 
competition from the high population of the wheat plants, was 
required (Audus, 1972; Koepf et al.t 1976 & 1996; Sattler & 
Wistinghausen, 1992). For harvest, plot ends were trimmed and 
only the 8 central drill-rows were actually used for yield 
calculations, thus eliminating border effects. The 'Claas 
Compact 25' was used to combine-harvest the grain (Plate 4.3, 
Chapter 4) . The actual areas harvested are reported in each 
trial's chapters.

3.2.2. Cropping System for Potato Trials
The potato crop (S. tuJbq i 'o s u t u ) is also of world—wide economic 
importance, being cultivated under similar conditions in both 
Southern Brazil and England, where the disease known as "late 
blight" (Phytophthora infestans) is the main limiting factor 
(Harris, 1992). Thus, two potato varieties, 'Cara' and 
'Pentland Crown', of contrasting blight resistance were used
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in the first year (1993), while only the most susceptible of 
the two, 'Pentland Crown', was used in the other trials (1994 
& 95). This 'crucial risk-taking' was meant to obtain the 
clearest possible differences between the treatments, both in 
terms of blight infection and general tuber quality, for 
'Pentland Crown' displays significantly higher dry matter 
contents than 'Cara'.
Potato spacing was defined as 33 cm between plants (12 plants 
per four-metre row) and 75 cm between rows. Seed-tuber 
average sizes and weights were around 38.9 g and tubers 
bigger than 60 mm diameter were cut in two, resulting in a 
balanced plot tuber planting rate of 124.4 g.m'2. Soil 
tillage was the same used for the wheat, followed by ridging 
up the rows where the tubers were planted, with a disk- 
ridger. Ridging was repeated when the potato plants were one 
month old, to promote tuber formation and control weeds.
Planting rates were thus calculated for an average stand of 
32 to 35,000 plants per hectare, or 3.2 to 3.5 plants per 
square metre. These stands varied between the systems 
approach plots 1993 & 95 and the analytical approach plots 
1994 only due to extra border space in the former, as 
detailed in the respective trial's chapters. This variation 
did not influence actual yield calculations, for only two 
central rows (6 m2) of each half-plot were harvested, to 
avoid border effects.
Actual plot sizes varied from 30 m2 (4 x 7.5 m) in the 
systems approach 1993 & 95 (Appendices 37 & 41, 
respectively), to 18 m2 (4 x 4.5 m) in the systems approach 
1993 (Appendix 39). Spare 5 metre long blank-spaces were left 
at the end of each plot to allow for mechanised harvest. 
Mechanisation was also used for seed-tuber planting with a 
traditional English 'potato-planter' shown in Plate 5.1, and 
for weed control through mechanical ridging (Witney & McRae, 
1992; Lutman, 1992).
All field trials were set up in Wye College's Orchard Field, 
a homogeneous (soils, solar exposition) quadrangular area of 
five ha with an average 5% declivity oriented in the 
northwest-southeast axis, with the field-top facing "the 
Crown" on the North Downs (Plates 6.1, 6.2 & 6.3, Chapt. 6).
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After the eradication of an old top-fruit orchard, this area 
had been kept free of any agrochemicals or manures for more 
than four years, under a grass-clover (Avena sativa, Lolium 
sp, Poa sp and Trifolium sp) mix for forage production.
According to the British system, the Orchard Field’s soil is 
classified as a deeper grey rendzina of the Wantage series, 
over the chalky subsoil (at a 30-80 depth) of the North Downs 
- a reasonably fertile soil with no water or nutrient element 
shortages (see Tables 3.3, 4.1 & 5.1), though alkaline, heavy 
and with a considerable amount of flint (Burnham, 1994).

3.2.3. Objectives and Basis of the dual approach
The research methodology thus consisted of a dual approach, 
both in relation to the two test-crops and the two 
contrasting systems and analytical designs.
The objective of these complementary experimental designs and 
evaluations was to submit organic, allelopathic and 
biodynamic techniques to the kind of crucial tests they would 
be likely to fail, under a critical-rationalist approach of 
verifying their effectiveness by attempting to disprove, 
refute or falsify their action (Popper, 1972a). Thus, this 
research is additionally aimed at improving knowledge of 
experimental methods sensitive enough to detect the
supposedly subtle differences caused by these techniques of 
biological relevance (Medawar, 1967).
The overall experimental planning and periodic re-
directioning after results obtained from each trial, followed 
a holistic-Cartesian synthesis of basic procedures1:
a) Starting with a critical but unprejudiced approach to 

complex systems (first rule of the Cartesian Method);
b) which were subsequently divided and sub-divided as 

necessary (second rule of the Method) for inferences on 
the possible causative agents of the observed effects;

c) trying to test elements.or subjects in an ascending order, 
from the simplest to the more complex (third rule);

d) and finally, thoroughly reviewing the studied subjects to 
build up a reasonable theoretical picture including both 
the original problem(s) and the possible solutions.
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The equivalent systems experimental designs for both wheat 
and potatoes were meant to check, in two different crops, the 
effects of both organic compounds and eventually active 
allelochemicals present in the treatments, while simulating 
the conditions present in agroecosystems (Vereijken, 1992;
Vereijken et al., 1994 & 1995; Hogh-Jensen, 1998).
The treatment systems consisted of farmyard manure (FYM)
compost, green manure rotations and mulches, combined (BD
system) or not (Organic) with the complete set of Biodynamic
compost preparations and field sprays, as compared to 
equivalent 'mimic' sources of both complex substances and 
simple elements. The BD preparations served as standards for 
the mimic treatments applied to the other systems involved in 
the comparisons. These were either mimic sprays with similar 
nutrient contents, colour and smell2, or identical sets of 
mature compost balls without the BD preparations.
Both wheat and potato trials were rotated with green manures 
over a three year period (1993-95) in the very same plots. 
These green manure rotations (1994) with rye + vetch mixtures 
were intended for both the evaluation of specific
allelopathic interactions with each test-crop and as a 
vegetative weed suppression control method.
The following soil and spray treatments with Biodynamic 
preparations, which served as standards for the comparative 
systems, were applied to both wheat and potatoes in the given 
sequence, detailed in the respective crop diary tables (Koepf 
et al., 1976 & 1996; Sattler & Wistinghausen, 1992):
a) Soil treatments - The full set of BD compost preparations 

P502 to P507 versus mimic treatments were applied to 
controlled compost heaps, as described in detail in 
section 3.5., or mixed with P500 soil spray (as described 
in Sections 3.3.1 & 3.7).

b) Plant treatments - b.l. Nettle water (Urtica dioica 2%);
b.2. P501 (83.3 ppm); b.3. Horsetail tea (Equisetum
arvense 1%) and b.4. Kieselguhr (Diatomaceous Earth 0.5%), 
were applied either combined (1993 trial) or as individual 
treatments, according to each trial's details.

3.3. Systems Approach Field Trials
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The 1993 field trials were conducted as systems approach 
designs: blind RCB in the potato'93 trial, in which only 
treatments were masked with codes; and double blind in the 
wheat'93 trial, in which both treatments and grain samples 
were coded, although fresh yields were measured straightaway 
by the grain combine-harvester (Plate 4.3, Chapter 4).
In this first year, because it was necessary to start the 
field trials so soon in the spring, there was no possibility 
to treat composting heaps with and without BD preps prior to 
their maturation. So, a mixed "soil & seed" spray was used 
instead, combining P500 (200 g per 60 L = 3.3 g.L"1 or 0.33%) 
plus the solid BD compost preparations P502 to P506 (4 g per 
60 L = 66.7 ppm or mg.L'1) and the liquid P507 (4 ml per 60 
L), resulting in a final dilution of 224 g per 60 L, or a 
final concentration of 3.73 g.L"1 or 0.373%. This was done 
according to BD alternative indications and research, which 
confirm the effects of BD compost preparations in mixed 
solutions or even directly applied to plants at different 
dilutions (Rasmussen, 1959; Deffune 1990).
The mimic "soil & seed" treatments consisted of:
• A = stirred water, with 0.47 ppm of total N.
• A+ = stir-diluted NPK (15-15-20 % formula) solution (2 g 

per 60 L), with 5 ppm of W S P205 and 6.66 ppm of K20.
• B or C = stir-diluted compost solution (224 g per 60 L) 

with an estimated 5.34 ppm of N & 2.5 ppm P205 and 6.42 ppm 
of K20 (see analyses data in sections 3.5 & 3.7).

The P500 + P502 to P507 mix versus mimic sprays (blind coded) 
were applied over tilled soil manured with untreated standard 
compost at a rate of 17 ml.nf2. Wheat seeds and potato seed- 
tubers properly weighed for each treatment were separately 
spread and sprayed at a rate of 5 ml.m"2. After drying 
overnight, the seeds were weighed and packed in individual 
bags marked with the plot treatment codes for drilling 
(wheat) or planting (potatoes).

3.3.1. Field Trials 1993
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Soil samples per treatment were taken prior to the beginning 
of the experiments and separately from both trials for 
analyses, which data are shown in Chapters 4 and 5 
respectively (Tables 4.1 and 5.1).
Both trial crops were sprayed during key phases of 
development (e.g.; tillering, flowering) with an alternate 
sequence of Nettle water (2%), P501 (83.3 ppm) and Horsetail 
tea (2%) combined with Kieselguhr (5%), as shown in the crop 
diary Tables 4.1 and 5.1 of the respective trials' chapters 
(Koepf et al., 1976 & 1996; Sattler & Wistinghausen, 1992).

3.3.1.1. Wheat Trial 1993 - Experiment 1
This first systems approach spring wheat (T. aestivum, var. 
Canon) field trial was conducted as a RCB double blind 
experiment, comparing the four systems in six blocks of 
replicates. Plots and treatments were coded from the 
beginning of the trial, and after harvest grain samples for 
quality analyses were randomly re-numbered by Dr. Dodds.
The positive control 'A+' consisted of 125 kg.ha'1 of 
nitrogen, provided as ammonium nitrate (NH4N03) fertilizer 
(Nitram, 34.5 % total N) , according to "state-of-the-art" 
fertilizer recommendations. The Nitram fertilizer was divided 
in two applications: half at growth stage GS2, or two tiller 
stage; half at GS32, or stem extension (Zadocks, et al., 
1974; Campbell et al., 1977; MAFF/ADAS, 1988 & 1994). This 
procedure was the same for the 'AH-1 Nitram fertilizer 
treatment in all wheat field trials (1993, 1994 & 1995).

3.3.1.2. Potato Trial 1993 - Experiment 2
Two potato (S. tuberosum) varieties, Cara and Pentland Crown, 
were used in this first year. The experimental design was a 
RCB split-plot experiment between four systems and two 
varieties in six blocks of replicates.
The positive control 'A+' plots consisted of 667 kg.ha"1 of 
NPK 15-15-20 (respective %) formulation, equivalent to 100 
kg.ha"1 of N, 100 kg.ha'1 of P205 and 133.4 kg.ha'1 of K20, 
considered to be the economically proportional dosage for the 
mineral nutrition of the potato crop (Harris, 1992;
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MAFF/ADAS, 1988 & 1994). This 'A+' chemical fertilizer
treatment was the same for both potato 1993 and 1995 trials.
The use of two varieties was aimed at comparing treatments 
and systems under differential quantitative genetic 
resistance or tolerance to "late blight" (Phytophthora 
infestans), by far the most important potato disease (Hide & 
Lapwood, 1992) . While variety Cara displays high horizontal 
resistance, Pentland Crown is considerably susceptible to 
this disease (Hide & Lapwood, 1992; Harris, 1992).

3.3.2. Green Manure Rotations 1993-94 - Experiments 3 & 4
Rotations with green manures for both wheat and potatoes were 
made in the intermediate year of 1994. The green manure 
species were chosen according to largely experienced 
recommendations of the Ministry of Agriculture and Fisheries 
(Sanders, 1944), using a mixture of rye (Secale cereale) and 
winter-vetch (Vicia sativa), for their good association and 
allelopathic suppressing properties against weeds (Rice, 1984 
& 1995). The rye plus vetch seed mix calculations and sowing 
rates are given in Chapter Eight.
This green manure mix was sown in early Autumn (beginning of 
October) and either cut-off ('A' & 'A+' control plots) or
mown-down as mulch in early Summer (beginning of July) for
maximum biomass, while the rye grain is still in the milky- 
stage and the vetch is in full-blossoming (Woodward & Burge, 
circa 1982). The exact dates are given in Chapter Eight's
crop diary Table 8.1. The rye-vetch biomass was removed from 
the control plots 'A' and 'A+' with a 'Taarup' forage
harvester and left as mulch in the organic and biodynamic 
('B' & 'C') plots for re-drilling wheat and re-planting
potatoes in their same respective plots the following spring 
(Monegat, 1981; Hoekstra, 1989).
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In the third year the same respective successive cropping 
plots were re-drilled with wheat and re-planted with potatoes 
under split-plot RCB designs. The main-plots remained the 
four standard soil treatments (A, A+, B & C) used in the 
field trials of 1993, while the half-plots were blind treated 
with and without Silica P501 (see Appendices 40 & 41) . This 
experimental scheme served primarily to verify the influence 
of P501 on the quality differences obtained from both crops 
in the first year, thus checking 1993 results.
Additional inferences were the differential responses of 
wheat and potatoes to the green manure rotations and the 
possible cumulative effects of main-plot treatment systems, 
through the continued organic fertilizer applications 
(compost and green manure mulch).

3.4. Analytical Approach Trials
A specific or individual treatment approach was applied to 
both field trials 1994 and supplementary wheat glasshouse pot 
experiments 1996.
In both the wheat and the potato field trials in 1994, five 
foliar sprays were compared in split-plots under different 
soil treatments. In the wheat glasshouse experiments in 1996, 
pot plants grown in a standard substrate were treated with 
different dilutions of the same sprays, which produced 
significant effects in the field trials. Two sets of 
factorial experiments were performed: one testing different 
sources of silicon, the other testing different organic 
preparations.

3.4.1. Analytical Approach Field Trials 1994
In the second year (1994), while the Systems Approach plots 
were under green manure rotation, two additional field trials 
using wheat and potatoes were set in partially randomised 
block split-plots between different soil treatments, testing 
the effects of five foliar sprays:
• 10% water macerated solution of Urtica dioica.
• 10% suspensions of composts B and C (blind treated with 

and without BD preps).

3.3.3. Field Trials 1995 - Experiments 7 & 8
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• Nutrient solution spray using 'Murashige & Skoog (M&S) 
salts (Murashige & Skoog, 1962) mimicking the 
concentration of the organic sprays (see section 3.7.3).

• Control using the same stirred water of the others.
Blocks were only partially randomised because the main 
treatment sprays were set up in strips or rows of plots under 
the different soil treatments, which were randomised (see 
Appendices 38 & 39) . This was so, in order to facilitate 
spraying procedures and avoid spray-drift.
Although a RCB experiment would be statistically preferable, 
the homogeneous nature of the area in Wye College's Orchard 
Field, both in terms of solar exposition and soil 
characteristics permitted this operational simplification of 
the experimental design (Cochran & Cox, 1957). Both the wheat 
and the potato field plots in 1994 were situated 
approximately in the centre of Orchard Field, contiguous to 
each other, with potato plots directly below wheat plots 
down—slope. Five composite soil samples were taken for 
analysis, according to procedures described in section 3.7, 
from a mix of 20 (twenty) individual samples taken two-by-two 
from the centre of each half-plot in the intersections 
between the spray rows and the blocks. Analytical results are
shown in Table 3.3.
Table 3.3. Soil analysis results (ADAS batch 00206226, 24/03/94) 
from 5 soil samples taken from the respective spray main- 
treatment rows in wheat and potato field plots 1994.
Sample pH

A 872
B 8.3
C 8.3
D 8.3
E 8.2

OM N P K Ca M g Fe s
% % (m g . Lf1) (m g . L"1) (m g . L"1) (m g . L "1) (mg.L~l) (mg.kg l)

3.2 0.23 35 230 3250 52 24.5 10.8
3.2 0.23 34 196 3660 53 24.4 10.7
3.1 0.22 25 148 3690 48 25.1 10.7
3.2 0.23 23 140 3470 41 24.5 10.7
3.1 0.21 28 180 3540 49 25.9 10.8

Sample identification (ID) refers to the same respective 
treatment rows (see Appendices 38 & 39) for both wheat and 
potato trials'94, as follows:
A = Urtica spray row in wheat plots, water in potato plots.
B = Water spray row in wheat plots, Urtica in potato plots.
C = Mimic spray row in both wheat and potato plots.
D = BD spray row in wheat plots, organic in potato plots.
E = Organic spray row in wheat plots, BD in potato plots.
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3.4.1.1. Wheat Trial 1994 - Experiment 5
Wheat Trial 1994 was designed in partially randomised block 
split-plots using the five sprays described above (A, A+, B &
C compost extracts and Nettle Water, 10% w/v) versus the same 
four soil treatments replicated in four blocks. More details 
are given in Chapter 6.

3.4.1.2. Potato Trial 1994 - Experiment 6
Potato Trial 1994 was also a partially randomised block 
split-plot using the same five sprays versus only 2 soil 
treatments - with and without compost, replicated in six 
blocks. Specific details are given in Chapter 7.

3.4.2. Analytical Approach Glasshouse Wheat Trials 1996
Two complementary glasshouse trials using wheat plants 
cultivated in a standard pot mixed-substrate, were set up as 
factorial experiments to study the individual effects of 
different extracts in a range of dilutions:
• Experiment 9 - Silicon Sprays Glasshouse Trial 1996,

testing three silicon based sprays (P501, kieselguhr & 
horsetail) with a water control, under five sequential
dilutions (10%, 5%, 1%, 83 & 8.33 ppm).

• Experiment 10 - Organic Sprays Glasshouse Trial 1996 -
testing four organic sprays (P500, blind coded compost 
extracts 'X' & 'Y', and nettle water) with a water
control, under four sequential dilutions (10%, 5%, 1%,
0.33% & 0.03 %).

Wheat plants were periodically sprayed and assessed through 
phenological measurements according to the trials' diary 
table 11.1. They were left to complete their full life-cycle 
and harvested after the ears had ripened. Details of both pot 
experiments are given in Chapter 11.

3.5. Controlled Compost Production
Compost production was experimentally conducted at Wye 
College's Controlled Composting Systems (CCS) Unit, in order 
to obtain standard quality organic fertilizer (Plate 3.1). 
This constituted an important spadework for the proper soil 
treatments in the Organic versus Biodynamic crop performance
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comparisons (Sequi, 1995), as composting control principles 
and practice are fundamental to the proper evaluation of the 
effects of amendments to partly composted biomass during the 
composting process (Stentiford, 1995; Roy et al., 1997).
For the first year's field trials (wheat and potato 
experiments 1 & 2, 1993) a mature 5 month old (produced from 
September 1992) garden and food domestic waste compost from 
the Wye Village collection (Rodrigues, 1996) was used in both 
'B & C ’ plots after proper sifting in a mechanical sieve, as 
reported in Chapter 4. This was labelled Compost 'A' and it 
was treated in the field with either the mimic or the BD 
mixed spray (as explained in section 3.3.1), as compared to 
the other years' experimentally produced Composts 'B' and 
'C', which were blind-treated in the FYM heaps with and 
without the BD compost preparations, as described in the
sequence.
Three Composting Experiments (1993-95) were carried out in 
order to allow comparative application of the very same 
organic fertilizer blind-treated with and without the BD 
compost preparations labelled as identical separate compost 
heaps 'B' and 'C', according to the general organic and 
biodynamic treatment codes described in section 3.1.
Table 3.4. Initial and final weights of materials used in 
Controlled Composting experiments in 3 replicates/years with 2 
blind treatments, according to the codes: B = Organic control; 
and C = Biodynamic. *A = previously produced (Autumn/Winter 1992)

Treatment A* B1 Cl B2 C2 B3 C3
Codes

Replicates
(Years) 0 1

(93/94)
1

(93/94)
2

(94/95)
2

(94/95)
3

(1995)
3

(1995)
Initial Wt 9540 10230 13800 13990 3950 3900
FYM (kg)

MC% - 73.39 71.60 71.45 71.75 73.42 73.36
Compost Wt 
Final (kg) 5700 4400 4310 4710 5140 1124 1116

MC% 54.77 69.55 67.90 70.68 71.08 71.95 71.55
Wt loss (kg) 5140 5920 9090 8850 2826 2784
Wt loss % 53.88 57.87 65.87 63.26 71.54 71.38

Standardized farmyard manure (FYM) obtained from Wye 
College's Dairy Unit consisted of 2 month old wheat straw
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beds used for dairy cows. Straw was added at a rate of 1,200 
kg per week to covered yards holding an average of 16 cow 
units of 450 kg. The total weight of straw (9, 600 kg) 
represented in average 48.56 % of the total FYM weight 
(19,770 kg), estimated in the first (1993) composting 
experiment. Both initial FYM used and final compost produced 
were weighed in 'tared' tractor trailer-loads at the Wye 
Dairy Unit's weighbridge, as shown in Table 3.4.
Compost windrowing or revolving using a tractor with a fore
end loader and a "muck-spreader" or farm manure applicator 
(Plate 3.1) was an effective way of homogenizing heaps and 
activating thorough humification. Compost heaps were prepared 
and assessed under controlled aeration and temperature inside 
standard monitored composting bays (Plate 3.2) . The compost 
quality parameters evaluated were bulk weight (BWt w/v, g.L" 
1)/ moisture content (MC%), dry matter (DM%) and NPK 
contents. Sulphur, calcium and iron contents were analysed 
only in samples from composting experiment 1 (1993-94). Daily 
temperatures and equivalent air consumption rates were also 
monitored to ensure the equivalent composting conditions for 
both 'B & C' treatments (Stentiford, 1995). This complete set 
of data is not shown in this work, which rather concentrates 
on the final quality and nutrient contents of the composts 
obtained, while crop performance and results are the main 
subjects of this research.
The avoidance of nitrogen losses during composting was 
achieved by maintaining an average temperature of 55° C 
through automatically controlled forced aeration (Witter, 
1986). Compost heaps were built inside standard protected but 
well aerated bays, over resistant 15 cm diameter plastic 
pipes, which were connected to aeration fans. Composting 
control panels (Plate 3.3) equipped with timers and twin 
temperature probes to monitor each parallel compost treatment 
were programmed to switch on the aeration fans for one minute 
each 30 minutes. The control panels were also set to turn on 
the fans (Plate 3.4) whenever temperatures rose above 55°C 
and blow more air until the ideal temperature range was 
recovered (Witter, 1986; Stentiford, 1995; Dr. J. Lopez-Real, 
personal communication 1993).
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Compost heaps B & C were treated blind with the BD compost 
additives P502 to P507 (see section 2.5.2.2. in Chapter 2): 
Achillea millefolium - flowers, Matricaria recutita 
flowers, Urtica dioica - planta tota, Quercus robur - bark, 
Taraxacum officinale - flowers and Valeriana officinalis - 
flowers' liquid extract. The average application dose of each 
BD compost prep, was 200 mg.m"3, allowing for 2,000 mg in the 
approximately 10 m3 compost heaps.
The solid BD compost preparations P502 to P506 were applied 
to compost heaps inside a set of five mature compost balls 
each weighing 50 g. These were both filled with 2000 mg of 
each compost preparation and kept with their mimic empty 
equivalents inside cardboard boxes marked "B & C", by Dr. 
Dodds. Their mimic "empty equivalent" was a second set of 
five identical compost balls. Both sets were then applied to 
their respective "B & C" compost heaps, inside holes 
transversally drilled to the centre of the heaps and closed 
with the same compost material. Two millilitres (= 2 g) of 
the liquid P507 were dynamized for 5 minutes in 5 litres of 
water, parallel to its Nil control. The solutions were filled 
into the two identical knapsack sprayers labelled "B & C" by 
Dr. Dodds and homogeneously applied over their respective 
compost heaps (Koepf et al., 1976 & 1996; Sattler & 
Wistinghausen, 1992; Wistinghausen et al., 1991 & 1995).
All procedures were performed at the CCS unit under the 
supervision of Drs. Scofield and Dodds and the same method 
was repeated in the three composting experiments, which are 
described in the diaries of activities (Tables 3.5. to 3.7). 
Each of the three year-replicates was numbered complementary 
to the two basic BD and Organic (control) treatments, as 
follows:
• Composting experiment 1 = 'B1 & Cl'.
• Composting experiment 2 = 'B2 & C2'.
• Composting experiment 3 = 'B3 & C3'.

3.5.1. Composting Experiment 1 (1993/94)
The first controlled composting experiment was carried 
forward during the Autumn-Winter season 1993-1994. Two 
treatments ('Bl & Cl') of organic fertilizer were produced
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for the 1994 analytical approach field trials, which also 
provided raw material for the compost extracts used as foliar 
sprays on the same trials. Table 3.5 shows the diary of 
activities of Composting Experiment 1.
Table 3.5. Composting Experiment 1 - diary of activities.

Date
24-28/11/93
29/11/93
30/11/93

03-07/12/93
09/12/93

19&20/01/94
11/03/94

12&13/03/94
15-19/03/94

____________________Activity____________________
FYM transport and compost bays preparation 
Compost Experiment 1 started in bays 1 & 4 

Monitoring of aeration and temperature started 
Initial MC% and DM% monitoring of FYM heaps 

Blind compost treatments: bay 1=,B'/ bay 4='^ 
Compost windrowing and re-heaping up 

Composting finished, sampling for analyses 
Transport to Orchard Field, plastic covering 
Final MC%, DM% and BWt monitoring of Composts

3.5.2. Composting Experiment 2 (1994/95)
The 'B2 & C2' composts produced in the second controlled 
composting experiment were applied to the 1995 systems 
approach split-plot field trials. Table 3.6 shows the diary 
of activities of Composting Experiment 2.
Table 3.6. Composting Experiment 2 - diary of activities.

Date
14-16/11/94
17/11/94
18/11/94
21/11/94
22/11/94
11/01/95
10/03/95

13&14/03/95
16-20/03/95

____________________Activity____________________
FYM transport and compost bays preparation 
Compost Experiment 2 started in bays 2 & 3 

Monitoring of aeration and temperature started 
Blind compost treatments: bay 2='C', bay 3=’B' 
Initial MC% and DM% monitoring of FYM heaps 

Compost windrowing and re-heaping up 
Composting finished, sampling for analyses 
Transport to Orchard Field, plastic covering 
Final MC%, DM% and BWt monitoring of Composts

3.5.3. Composting Experiment 3 (Summer 1995)
Compost treatments 'B3 & C3' produced in the third and last 
controlled composting experiment were used only for the re
coded compost extract sprays 'X & Y' in the 1996 analytical
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approach glasshouse wheat factorial trials.
As there were windy summer rainstorms that partially soaked 
the material at the most exposed ends of the compost bays in 
three occasions, it was necessary to turn or windrow the 
compost heaps three times, as shown in the diary of 
activities of Composting Experiment 3 (Table 3.7).
Table 3.7. Composting Experiment 3 - diary of activities.

Date
06-08/05/95
09/05/95
10/05/95

12-15/05/95
16/05/95
30/05/95
20/06/95
04/07/95
09/08/95
10/08/95
11/07/95

________________  Activity__________________
FYM transport and compost bays preparation 
Compost Experiment 3 started in bays 1 & 4 

Monitoring of aeration and temperature started 
Initial MC% and DM% monitoring of FYM heaps 
Blind compost treatments: bay 2'C', bay 3'B' 

1st Compost windrowing and re-heaping up 
2nd Compost windrowing and re-heaping up 
3rd Compost windrowing and re-heaping up 

Composting finished, sampling for analyses 
Final MC%, DM% and BWt monitoring of Composts 
Sample storage at the Crop Labs' cold room

3.5.4. Compost Quality Data
As compost constitutes a sort of "living, though apneumonic" 
fertilizer, with fairly variable composition and properties, 
there was a need to characterize as exactly as possible the 
quality of the composts applied to the experiments, 
especially in terms of nutrient-element and moisture contents 
(MC%), and bulk weight (BWt) or apparent density. This was 
done through physico-chemical analyses of representative 
compost samples taken according to standard procedures 
described in section 3.7 (Kiehl, 1979) .
Tables 3.8 and 3.9 show data obtained from stratified or 
composite compost samples analysed at Wye College's 
Analytical Laboratory, following to the methods described in 
section 3.7. The consistency of the analytical results 
obtained, with almost identical NPK contents for the 'B & C' 
treatments shows that the controlled composting methods were 
successful in producing standardized compost, which was 
suitable for the experimental comparisons intended for the
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crop trials.
Table 3.8. NPK contents in mg/L and percentages of Dry Weights 
of Analytical Laboratory (n°) samples from Controlled Composting 
experiments in 3 replicates/years with 2 blind treatments, 
according to the codes: B = Organic control; and C = Biodynamic. 
*A = previously produced domestic waste compost used in 1993.
Code & Replicates NH a-N P K N P K
Lab n° (Years) (mg/L) (mg/L) (mg/L) % % %

A* = 325 0 45.60 21.40 55.11 1.43 0.67 1.72
B1 = 326 1 (1993-94) 61.90 20.00 110.76 1.93 0.63 3.46
Cl = 327 1 (1993-94) 60.00 21.80 116.72 1.88 0.68 3.65
B2 = 328 2 (1994-95) 75.90 27.10 249.34 2.37 0.85 7.79
C2 = 329 2 (1994-95) 75.20 22.90 249.34 2.35 0.72 7.79
B3 = 330 3 (1995) 85.20 28.65 156.47 2.66 0.90 4.89
C3 = 331 3 (1995) 86.95 29.30 153.49 2.72 0.92 4.80
Table 3.9. NPK % FWt contents of composts applied to experiments 
1-10. Compost experimentally produced with 2 treatments in 3 
replicates/years: B = Organic control; C = Biodynamic. *A = 
previously produced domestic waste compost used in 1993.
Treatment FWt DWt MC DM N P K

Code (g) (%)
A* 291.22 131.72 54.77 45.23 0.64 0.30 0.78
B1 349.82 106.51 69.55 30.45 0.59 0.19 1.05
Cl 385.34 123.68 67.90 32.10 0.60 0.22 1.17
B2 400 117.3 70.68 29.33 0.70 0.25 2.28
C2 400 115.7 71.08 28.93 0.68 0.21 2.25
B3 400 112.2 71.95 28.05 0.75 0.25 1.37
C3 400 113.8 71.55 28.45 0.77 0.26 1.36

Table 3.10. Additional analysis results (ADAS batch 00206226, 
12/04/94) from the 2 compost treatment samples taken from the 
Controlled Composting Experiment 1 (1993/94). As samples were 
analysed as "peat compost - extractable nutrients", results serve 
only as complementary reference for Table 3.8. *N data refers to 
NH4-N only, as no nitrates were found in water extracts, instead 
of total-AT in digested compost.______________
Sample PH C<3 CO 3 Conductivity O M *N P K Mg Fe S
code unit % pS. cm'1 % (mg • L'1)
B1 8.9 16.8 2080 40.3 50 145 3960 48 14.9 1150
Cl 8.7 21.7 2580 37.6 49 203 4932 72 21.7 1090

Complementary analyses of the two compost treatments ' B2 & 
C21 produced in 1994 and used in spray extracts, were
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obtained from sub-samples sent to the ADAS-MAFF (the 
Agricultural Development and Advisory Service of the British 
Ministry of Agriculture) laboratory in Wolverhampton. These 
were meant to provide the extractable or water-soluble 
elements and properties of the composts to be also used in 
field spray extracts, which data are shown in Table 3.10.
Compost application doses were corrected for 60 t.ha"1 with 
0.6% of total N and according to each compost's bulk weight, 
to calculate the required level height in the Wye Compost 
Applicator (Table 3.11). This is a precision compost spreader 
for homogeneous application in experimental plots, which was 
custom-built at Wye College's Agricultural Workshop by the 
Chief-Technician, Mr. Leonard Godden. Its main working 
element is a rolling track loader, which can be calibrated 
with compost layers of variable thickness, according to the 
required compost dose per square metre (Plates 3.5 & 3.6).
Table 3.11. Application doses (corrected for 60t.ha_1 with 0.6% 
total N) of compost experimentally produced with 2 treatments in 
3 replicates/years: B = Organic control; and C = Biodynamic. *A = 
previously produced domestic waste compost used in 1993. Soil 
layers refer to 24 m2 application passes and Applic. Layer refers 
to the 3.6 m2 load area of the Wye Compost Applicator. **Obs: in
potato plots 1994 a mixture of composts 'B&C' was applied and 
compared to a nii control.
Treatment Corrected BWt Soil Applic . Wheat Potato

Code Dose (0.6% N) Layer Layer Plots Plots
(year) (kg.m"2) ( kg. dm'3 ) (cm) (kg per plot)

A* (1993) 6.00 0.60 0.99 6.62 288.0 180.0
B1 (1994) 6.11 0.57 1.07 7.12 146.7 54.4**
Cl (1994) 5.98 0.60 0.99 6.61 143.6
B2 (1995) 5.18 0.63 0.82 5.45 248.4 155.3
C2 (1995) 5.30 0.64 0.82 5.48 254.2 158.9
B3 (1995/6) 4.82 0.62 used ionly for extract sprays in
C3(1995/6) 4.66 0.61 wheat glasshouse experiments

Compost 'A', the previously produced (from September 1992 to 
February 1993) domestic waste compost used in field trials 
1993, was applied with its original and slightly higher 0.64% 
N content, at the standard 60 t.ha'1 (6.00 kg.m"2) dose, to 
compensate for its considerable contents of highly lignified, 
woody materials, like twigs and wood-chips left by the usual 
shredding of the village garden waste and food mixture prior
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to composting. These lignified residues actually have a lower 
available N content than that indicated by its total-N 
analysis by the Kjeldahl method. Thus, a 6.67% extra N was 
allowed for in its application to 'B & C' plots in spring 
1993 (Dr. J. Lopez-Real, personal communication 1993/ Kiehl, 
1979).
Considering a maximum compost mineralization rate of 50% in 
the first year of its application (Kiehl, 1979), an average 
of 33% available mineralized nutrients from the total 
contents was calculated for the growing season periods, with 
especial reference to nitrogen. Thus, one third of the 360 
kg.ha"1 of N (0.6% of 60 t.ha"1) results in 120 kgN.ha'1 
available through the growing seasons, which is equivalent to 
the chemical fertilizer applications to both wheat and potato 
(125 and 100 kg.ha'1 of N, respectively) . This allows for 
reasonable margins of both organic matter turnover and crop 
uptake variation due to diverse climatic conditions between 
the different trials' years (Kiehl, 1979; Jenkinson et al., 
1987; Rodrigues, 1996; Raupp, 1995a).

3.6. Biodynamic and Allelopathic Preparations
The BD preparations for the first year (1993) trials were 
obtained from the BDAA (Bio-dynamic Agricultural Association 
of the UK) . From 1994 onwards, BD preparations made 
(according to procedures described in section 2.5.2 of 
Chapter 2) in collaboration with Mr. Alan Brockman at the 
Perry Court Biodynamic Farm (also produced for the BDAA), in 
the nearby region of Petham (Kent), were used.
Stinging nettles (Urtica dioica) were obtained from the 
College Farm, horsetails (Equisetum arvense) from the nearby 
lowlands of Naccolt (Wye) and commercially packed Kieselguhr 
(Diatomaceous Earth) came from the Biological Sciences 
Department stocks. As axenic experiments with BD preps in 
direct contact with plant roots, have shown optimal effects 
at different dilutions, indicating different modes of action, 
the usually recommended BD prep doses were adopted for all 
experiments, in order to work within the middle range of 
concentrations (Deffune 1990; Koepf et al., 1976 & 1996; 
Sattler & Wistinghausen, 1992). Preparations were all stored
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at 5°C in the cold room at Wye College's Crop Labs, with the 
exception of P501, which was kept in a glass jar exposed to 
daylight in a window sill (Koepf et al., 1996; Steiner, 
1974) .
Application procedures for the BD compost preparations P502 
to P507 have already been described in section 3.5. Field 
sprays were always dynamized for 15 minutes (or as otherwise 
stated) before their application, either undiluted or during 
their respective dilutions. This was done through repeated 
stirring in reverse alternated vortices, using wooden 
broomsticks inside 200 L, clean, second-hand oak barrels 
bought from a nearby cider farm in Chilham, Kent. The barrels 
were used to store and protect collected rain-water, usually 
topped up with clean water from the Crop Laboratories (Plate 
3.7) .
Glasshouse experiment sprays were always dynamized with 100 
(one hundred) sucussions or fast hits on a cushioned surface, 
inside the hand-sprayers in between serial dilutions, as 
detailed in Chapter 11.
P500, fermented cow manure, was dynamized or stir-diluted for 
one hour at the rate of 200 g per 60 L of clean water (3.3 
g.L'1) and sprayed at a volume of 17 ml.nf2, all done by the 
end of the afternoon (after 16 h).
The mixed "soil & seed" spray used in field trial 1993 was 
also dynamized for one hour (experiments 1 & 2) and combined:
• P500 (200 g per 60 L = 3.3 g.L-1 or 0.33%);
• the solid BD compost preparations P502 to P506 (4 g per 60 

L = 66.7 ppm or mg.L-1), previously soaked separately in 1 
L water each, overnight;

• and the liquid P507 (4 ml per 60 L).
This was done according to alternative BD indications and 
research (Rasmussen, 1959; Deffune 1990), resulting in a 
final dilution of 224 g per 60 L, or a final concentration of 
3.73 g.L'1 or 0.373%.
Silica P501, was dynamized for one hour in the dilution of 5 
g per 60 L of clean water (83 mg.l'1) and applied as a foliar 
spray in a volume between 5 and 138 ml.m'2, depending on the 
plants' size, as reported in the crop diary tables of each
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respective chapter.
Nettle water was made with 10 kg of Urtica dioica (planta 
tota, aerial parts) soaked or macerated in water for more 
than 15 days and renewed after a maximum of 90 days. It was 
then either used straight as a 10% extract (experiments 5, 6,
9 & 10) or diluted to the required concentrations of each 
trial (2% for experiments 1, 2, 7 & 8) . It was applied as a 
foliar spray in a volume between 15 and 150 ml.m“2, depending 
on plant development, but also through wetting the soil 
slightly around young plants, as reported in each chapter's 
diary tables.
Horsetail tea or decoction was made by boiling 200 g of 
Equisetum arvense {planta tota, aerial parts) in two litres 
of water (10 %, periodically topping-up the initial volume) 
in a 3 L glass beaker for 20 minutes. The concentrated tea 
was kept in dark bottles in a cold room at 5° C. For 
application it was stir-diluted for 10-15 minutes to 1% (2 L 
of stock in 20 L or 6/60 L) . Field volume varied between 5 
and 150 ml.irf2, depending on plant sizes (Raupp, 1985) . 
Kieselguhr (diatomaceous earth) was added in the proportion 
of 0.5% (100 g per 20 L or 300 g per 60 L) to the horsetail 
tea and equally stir-diluted and sprayed in the same volume. 
(Koepf et al., 1976 & 1996; Sattler & Wistinghausen, 1992).

3.7. Chemical-Analytical Methods and Sampling Procedures
Standard Chemical-Analytical methods and sampling procedures 
were used to assess the soils, the compositions of compost 
and spray treatments, using the facilities at .Wye College's 
Analytical Laboratory. The same applies for some analyses of 
wheat samples, which are specifically dealt with in section 
3.9.1.3. Both Ammonium-N and Nitrate-N, were measured by the 
continuous flow auto-analyser SFA-2 in all kinds of samples, 
which were submitted to specific extraction methods according 
to their nature (soils & compost; spray solutions and plant 
materials), as described in their respective sections that 
follow (MAFF/ADAS, 1986; Allen, 1989).
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Both soil and compost analyses were performed using 
stratified or composite, representative samples taken from a 
mixture of individual samples strategically taken from 
different sites of either plots or compost heaps, according 
to current agronomic procedures to minimize environmental 
variations (Kiehl, 1978 & 1979; Schroeder, 1984; Grimshaw, 
1989; Lampkin & Woodward, 1990).
Six representative compost samples were used to estimate 
compost bulk weight in 1 L beakers. Similar compost samples 
weighing 300-400 g were dried in a laboratory oven at 50° C 
to avoid N volatilization losses, for subsequent nutrient 
element analyses.
On the other hand, moist composite soil samples, from a 
mixture of three individual samplings strategically 
distributed within each plot or sampled area, were analysed 
within 12 hours of their collection, after being stored at 5° 
C, also to avoid N volatilization losses.
Both kinds of samples underwent the same extraction method 
using potassium chloride: fresh 20 g samples of known MC% 
were extracted in 50 ml of 2 M KC1 solution inside conical 
flasks and stirred for 2 hours in an automated laboratory 
shaker.
Afterwards they were submitted to the continuous flow auto
analyser SFA-2 for both ammonium-N and nitrate-N measurements 
through comparisons with five concentration standards for 
N03‘ (1, 2, 4, 6 & 8 mg.L'1) and four standards for NH4+ (1, 2, 
5 & 10 mg.L"1) (MAFF/ADAS, 1986).
For total NPK contents, the Kjeldahl method was used for 
digestion of organic matter and extraction of minerals: 160 
mg compost samples were digested in 50 ml of H2S04 plus H202 
(used as a catalyst) according to standard procedures 
recommended for the analysis of agricultural materials 
(MAFF/ADAS, 1986). Afterwards, sub-samples for NH4+ and P04" 
were taken to the continuous flow SFA-2 auto-analyser, while 
K sub-samples were analysed in the Atomic Absorption 
Spectrophotometer (Grimshaw, 1989).

3.7.1. Soil and Compost Sampling and Analyses
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Spray solutions were the only samples directly submitted to 
the continuous flow auto-analyser SFA-2 for both ammonium-N 
and nitrate-N measurements, without any necessary previous 
extraction. They were collected soon after their preparation 
during the same days of actual spraying procedures and kept 
overnight in a cold room at 5° C, until they were analysed. 
The sprays that were actually analysed as such, were P500-7 
(BD prep mix, described in section 3.3.1), nettle water, 
horsetail tea plus kieselguhr suspension mix, compost 
extracts and control sprays used for both wheat and potato 
trials in 1993 (see Table 3.12).
Three different classes of spray treatments were tested in 
different years or sets of experiments:
1. The 'classic' BD field sprays used in the systems approach 

experiments 1, 2, 7 & 8.
2. The concentrated nettle and compost extracts used in the 

analytical approach experiments 5 & 6.
3. The serially diluted sprays from both approaches or types 

of field trials in 1996's glasshouse experiments 9 & 10.

3.7.2.1. Field Sprays in 1993 & 1995 Systems Trials
In Field Trials 1993, the mimic Organic (B or C) spray's 
concentrations were calculated on the basis of the total N 
contents estimated from analyses of both the BD P500-7 mix 
and compost solutions reported in the literature (Koepf, 
1966; Koepf et al., 1996). The nitrogen contents of both BD 
and mimic sprays respectively applied to wheat and potato 
plots are shown in Table 3.12.
Analyses were performed with the old Analytical Lab's 
continuous flow auto-analyser, on the 21/05/1993 using 
refrigerated samples, taken from the actual sprays; except 
for Compost A, the total N content of which was analysed 
through the Kjeldahl method from dry samples (see Tables 3.8 
& 3.9). The unusually high nitrate contents found in both 
Comp. W and P500-7W and their sharp discrepancy with the N03 
contents found in the very same sprays applied to the potato 
trial (Comp. P and P500-7P) is attributed to an intrinsic 
problem with the old continuous flow auto-analyser, which
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began to malfunction on those very days and was replaced by a 
new continuous flow SFA-2 auto-analyser soon afterwards.
Table 3.12. Nitrate, Ammonium & total N Contents (ppm) of sprays 
respectively applied to soil, seeds and plants in 1993 field 
trials. W & P suffixes refer to wheat and potato trials,
respecuj-vtij.y.
Wheat seeds and plots' soil Potato seeds ,and plots ' soil

Spray n o 3 NH4 Total N Spray n o 3 NH4 Total N
Comp. W 4.61 1.45 6.06 Comp. P 0.98 1.99 2.97
P500-7W 5.42 1.90 7.32 P500-7P 2.60 0.36 2.96
H20 Ctrl (Same for both trials & uses) 0.20 0.27 0.47

Foliar■ Field sprays (same for both trials)

U. dioica 10% (undiluted nettle prep) 0.26 209.9 210.14

Compost A (1.43 % N) 2% suspension - - 286

E. arvense 2% + Diatomaceous Earth 5% 0.53 0.55 1.08

Black Tea (Tea sinensis) 2% 0.42 0.47 0.89

Thus the acceptable total N contents actually considered for 
the experiments are those shown in Table 3.12 for Comp. P and 
P500-7P samples (Ms. Sarah Brocklehurst, Head Technician of 
Wye College's Analytical Lab, personal communication 1993).
The same problem applies to the undiluted nettle water's 
extremely high ammonium content. The original sample had to 
be diluted 20 times to fit within the plotting limits of the 
old continuous flow auto-analyser.
For a reasonable indication of the true element contents of 
nettle water, one must refer to the data reported in Table 
2.7 of Chapter 2 (Peterson and Jensen, 1985). In the light of 
the general results obtained with nettle water sprays 
(Chapters 4, 5, 6, 7 & 11) and the availability of such
detailed source of data, no further analyses of nettle water 
were judged to be necessary, as its effects were clearly not 
due to its nutrient content.

3.7.2.2. Field Sprays in 1994's Trials
Both of 1994's partially randomised block split-plot
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experiments 5 & 6 used fiveconcentrated sprays (as compared 
to the usual BD preps in terms of nutrient contents) as the 
main-plot treatments, as follows:
• 10% water macerated solution of Urtica dioica;
• 10% suspensions of composts B and C (blind treated with & 

without BD preps);
• a nutrient solution spray using M&S salts (Murashige & 

Skoog, 1962) mimicking the concentration of the organic 
sprays (Table 3.13);

• a stirred water control (same used for the other sprays).
The composition of nettle water is shown in Tables 2.7 
(Chapter 2) and 3.12. The compositions' of Bl and Cl composts 
are shown in Tables 3.8, 3.9 and 3.10.
Table 3.13. Nutrient-element contents (ppm) of 'A+' mimic spray 
made from M&S salts (Murashige & Skoog, 1962) applied to both 
wheat and potato plants in 1994 field trials. Final available 
concentrations in the field spray were equivalent to the average 
present in 10% nettle water spray and compost extracts (see

M&S stock C M&S stock E Final SprayNutrients Compounds (50 ml. Lf1) (10 ml.L'1) (from stocks)
N (NH4) 2SO4 130 g.L'1 - 270 ppm
S — 135 ppm

Ca Ca-gluconate 480 g.L-1 - 600 ppm
Fe Fe-EDTA Standard M&S - 2.5 ppb
P K2HPO4 Standard M&S - 18 ppm
K KCl Standard M&S - 450 ppm
Mg MgS04 - Standard M&S 6 ppm
B H3BO3 - Standard M&S 70 pM
Mn St. M&S - Standard M&S 20 pM
Zn St. M&S - Standard M&S 26 pM
Cu St. M&S - Standard M&S 8 pM
Mo St. M&S - Standard M&S 0.9 pM
Co St. M&S - Standard M&S 0.01 pM
I St. M&S - Standard M&S 5 pM

Table 3.13 shows the nutrient-element contents of the 'A+'
mimic spray made from M&S salts (Murashige & Skoog, 1962)
applied to both wheat and potato plants in the 1994 field 
trials. Standard M&S refers to the current concentrations
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found in the usual formulation of the M&S plant culture media 
(George et al., 1987), while any changes in the standard M&S 
stocks are specifically reported.

3.7.2.3. Diluted Sprays in 1996's Glasshouse Trials
The composition of the serially diluted sprays used in 1996's 
glasshouse factorial experiments 9 & 10, can be deduced from 
the basic concentrations reported in Tables 3.8, 3.9, 3.10
and 3.12:
• Experiment 9 tested three silicon-based sprays (P501, 

kieselguhr & horsetail) and a water control, under five 
sequential dilutions (10%, 5%, 1%, 83 & 8.33 ppm).

• Experiment 10 tested four organic sprays (P500, blind
coded 1995 (B3 & C3) compost extracts 'X' & 'Y', and
nettle water) with a water control, under four sequential 
dilutions (10%, 5%, 1%, 0.33% & 0.03 %) .

3.8. Crop and Weed Biomass Evaluation
Crop and weed biomass evaluations were performed through 
sampling for Destructive Growth Analyses (DGAs) , adapted for 
each crop and trial. Samples were taken from randomly 
distributed areas in the central rows of each plot, which 
were defined by standard metal quadrats (Dr. Howard C. Lee 
and Prof. David Leaver, personal communications 1993 & 1994).
While three plant and weed DGAs where taken during strategic 
crop development stages (Zadocks et al., 1974) from all wheat 
field trials (experiments 1, 5 & 7), only one 'top-biomass' 
DGA was taken from the two green manure rotations 
(experiments 3 & 4) .
Regarding weed species population composition, an additional 
assessment was performed through the visual estimation of the 
average percentage of each weed species in three 0.25 m2 
quadrat samplings. This was repeated for comparisons in the 
1993 and 1995 wheat and potato trials.
In both the wheat and the potato trials of 1995 (experiments 
7 & 8) the percentages of each species in the weed population 
was calculated through the average of the three DGA grand 
means (GM) of the DWts in grams, which were given in the data
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summary of the statistical analyses for each individual 
species collected in the DGAs.
Only the last potato trial (experiment 8) was sampled for 
three plant and weed DGAs. Because of the small number of 
potato plants per unit area (3.2 to 3.5 plants per square 
metre) plant and weed evaluations were done through visual 
assessments in potato trials 1993 and 1994 (experiments 2 & 
6), to avoid distortion of final yields by the elimination of 
three plants per half-plot. In the 1995 potato trial though, 
both plant and weed DGA samples were taken from the inside 
border rows of each half-plot, so as not to influence the 
yield evaluation of the central rows.
This provided additional quantitative information to the 
visual assessments performed for all trials (specific details 
given in Chapters 5, 7 & 10), through the attribution of
scores '1 to 9' on vigour, growth form, canopy cover, blight 
(P. infestans) and weed incidence (Allen & Scott, 1980; Watt 
& Lee, 1992).
Only the DGA samples taken from the 1993 wheat trial 
(experiment 1) used a bigger quadrat of 0.25 m2 (square sides 
= 50 cm), which yielded an excessive amount of plant material 
for processing. Smaller quadrats of 0.0625 m2 (square sides = 
25 cm) provided enough material for the biomass and stand 
evaluations of the 1994 and 1995 wheat trials (experiments 5 
& 7) .
DGA parameters evaluated for each crop were:
• Wheat - three plant and weed DGAs for stand, plant (ears 

separately from stems & leaves) and weed biomass (FWt, DWt 
& DM%) and weed species composition only for wheat trial 
1995 (experiment 7).

• Potatoes - visual assessment of vigour, growth form, 
canopy cover, blight (P. infestans) and weed incidence for 
all trials; three plant and weed DGAs were taken only for 
the 1995 trial (experiment 8) using quadrats of 0.0625 m2, 
including number of tillers per potato plant and weed 
species classification.

• Green manure DGAs evaluated only the maximum biomass at 
the harvest stage, using sampling areas of 4 m2 (2 x 2 m) .
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While wheat, weed and potato samples were hand-cut with 
pruning scissors and knives, green manure DGAs were taken 
with a 'Taarup' forage harvester. Details are given in each 
respective trial chapter.
For DWt and DM% evaluation, samples were dried in force- 
ventilated ovens at 80° C for an average of 48 hours, until 
no further weight decreases were measurable.

3.8.1. Weed Control Methods
No chemical weed management was used in any of the trials, 
for a number of reasons (Parish, 1990) :
• firstly because herbicides would interfere with the 

allelopathic and biodynamic effects evaluated;
• secondly, the green manure rotations were also being 

evaluated for their allelopathic effects in both crops and 
weeds (Rice, 1995);

• and thirdly, in all trials but wheat 1995 (experiment 7, 
resulting from allelopathic interaction with the green 
manure rotation) there was an efficient vegetative control 
through competitive crop stands (Berry, 1994; Lee et al., 
1994).

Additionally, weeds were also regarded as good potential bio
indicators of differences between the systems compared 
overall (Pfeiffer, 1976). In the potato trials, an effective 
mechanical weed control was obtained by the usual ridging of 
the potato rows, carried out once per crop season, for the 
sake of tuber promotion (Lutman, 1992; Morrish & Lee, 1994; 
Berry & Wilkes, 1994). Weeds were identified by species 
(Latin and common names) though the use of botany and weed 
guide books with relevant application for the Southeast of 
gĵ g2_and (Williams et al., 1987; Chancellor, 1978; Schering 
Agriculture, 1986).

3.9. Yield Evaluations and Quality Analyses
Yields were evaluated through calibrated agricultural 
balances, both on a fresh weight (FWt) basis and on 
differentially relevant moisture content (MC) bases for each 
experimental crop species, as described in the sequence.

189



Wheat was harvested when average ear moisture contents/ 
estimated in the field with a calibrated 'Protimeter' 
electronic moisture meter, were under 20% MC, depending on 
the weather conditions. Fresh yields were directly obtained 
from the combine harvester's balance (Plate 4.3, Chapter 4). 
Grain samples were individually cleaned in an agricultural 
grain cleaner at the Crop Laboratories and cold-dried to 
values around 15% MC (again estimated with the 'Protimeter') 
in forced-ventilation ovens at 25°C and then stored in 
plastic bags at 5°C.
Two samples of 300g from each plot were weighed in a 
precision balance with one-tenth of a milligram accuracy and 
stored in air-tight plastic bags at 5°C. These two sets of 
samples were then transferred to new and re-numbered air
tight plastic bags by Dr. Peter Dodds, to fulfil the double
blind methodological requirements.
One set of the samples was used for calculations of grain 
moisture contents; the other was destined for the flour's 
baking quality evaluation through the Hagberg Falling Number 
method. Moisture content was determined after drying the 
grain in a vacuum oven at 105°C for 2 hours.
Wheat yields were corrected to a 14% MC, through the use of

100-MC%the formula I (HGCA, 1996): Y m = Y m »  100-i4 ~; where:
• Yew = fresh weight yield,
• MC% = original grain moisture content,
• Y m  = corrected yield for a 14% MC.

3.9.1.1. TGW, the Weight of a Thousand Grains
The weight of a thousand grains (TGW) was measured by using 
the automated 'Hunting Master-Count' grain counter and 
afterwards weighing the counted samples in a precision 
balance with one-hundredth of a milligram accuracy (Plates 
4.4 and 4.5, Chapter 4). TGW values were then expressed on 
the basis of a 14% MC, after the grain moisture contents were 
double checked at the moment of weighing with the 
'Protimeter' moisture meter (Plate 4.7, Chapter 4).

3.9.1. Wheat Yield and Quality Evaluation Methods
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3.9.1.2. HFN, the Perten-Hagberg Method for Baking Quality
Baking quality of wheat was measured through the Perten- 
Hagberg Falling Number (HFN) method for evaluating alpha- 
amylase activity, the basis of which was discussed in section
2.4.2.2 of Chapter 2 (Plates 3.8 and 4.6).
The method is based upon the rapid gelatinization of a 
suspension of flour or meal in a boiling waterbath and the 
subsequent time measurement of the liquefaction by a-amylase 
of the starch contained in the sample. Falling Number values 
bear a complex inverse relationship with the active amount of 
a-amylase present in the sample, which is known as the Perten 
Liquefaction Equation (Perten, 1964; Perten, 1967).
HFN results can be used to segregate grains into good quality 
for bread making and poorer grades for animal feed stuffs or 
controlled mixing. The interpretation of results for bread 
baking wheat follows the typical ranges shown in Table 3.14 
(Hagberg Falling Number Manual, circa 1988).
Table 3.14. HFN typical interpretation of results for baking 
wheat (modified from Hagberg Falling Number Manual, circa 1988).
Falling Number value Interpretation for bread baking

Below 150
High a-amylase activity; sprout 
damaged wheat. Breadcrumb is likely to 
be sticky.

250
Optimal a-amylase activity, excellent 
breadcrumb and grain quality.

200-300
Acceptable a-amylase activity range; 
unsprouted wheat. Breadcrumb is likely 
to be good.

300 plus
Low a-amylase activity; sound but 
enzymatically inactive wheat. 
Breadcrumb is likely to be dry and 
loaf volume reduced.

The equipment used includes the 'Falling Number Test 
Apparatus type 1400' and the 'Falling Number Laboratory Mill 
3100', shown in Plate 3.8. HFN standard procedures are 
described in the sequence.
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The HFN method uses flour samples of 300 g each milled on the 
'Falling Number Laboratory Mill 3100'. The wholemeal flour 
produced was stored in airtight plastic bags. Flour sub
samples of 200 g were dried in a vacuum oven at 105°C for 2 
hours for MC% determination - one of the most important 
factors influencing falling number values. Sub-samples for 
the HFN test were weighed in a precision balance with one- 
hundredth of a milligram accuracy.
The HFN method has been standardised for a sample weight of 7 
grams on a 15% moisture content basis. Thus, sub-sample 
weights were corrected in relation to the standard MC of 15% 
required for the test, through the use of tables included in 
the HFN manual (circa 1988). These correction tables were 
based on the linear regression formula II:

Wt = 0.101 MC% + 5.49; where:
Wt = flour sample's corrected weight,
MC% = actual flour sample's moisture content.

3 9 1.3. Grain Crude Protein and Mineral Contents
For the determination of both crude protein and mineral 
element contents in the wheat flour, the Kjeldahl acid 
oxidation method was also used to prepare samples for 
analyses: 160 mg of each dry wholemeal flour sample were 
digested in 50 ml H2SO„ + H202 solution according to standard 
recommended procedures for the analysis of plant materials 
(MAFF/ADAS, 1986; Allen, 1989).
Separate liquid sub-samples were analysed as follows: 
nitrates, ammonium and phosphorus (PO4 ) in the continuous 
flow auto-analyser SFA-2; potassium in the Flame Photometer 
410; calcium and sodium in the atomic absorption
spectrophotometer.
In the first year (1993, experiment 1) a full set of 
compositional parameters, including contents of crude 
protein, nitrates, ash, P, K, Ca and Na was analysed. From 
these parameters only N, P and K contents were selected to be 
further analysed in wheat trial 1995 (experiment 7), due to 
the significant differences obtained in 1993. In the 1994 
wheat trial, no mineral contents were analysed because the 
fertilizer- treatments were the same and also because there
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was a greater number (80) of plots. Details on the specific 
methods and calculations (e.g.; crude protein) used in each 
trial are given in their respective Chapters 4, 6 & 9.

3.9.2. Potato Evaluation Methods
Potatoes were harvested after more than 60% of the total 
number of plants in the trials were senescent. The remaining 
plant stems were mown down with a flail-mower the day before 
harvest. Harvest combined a mechanical potato digger to 
handpicking in separate thick paper harvest sacks, 
individually labelled by plot number. Only the two central 
rows of each half-plot was used for yield and quality 
evaluations. Potatoes samples were then brushed clean and 
individually weighed on a common agricultural balance with a 
tenth of gram accuracy (see Plates 5.6 & 5.7, Chapter 5).
With the exception of the samples from potato trial 1993 
(experiment 2), all samples from the other years’ trials 
(1994 - experiment 7 and 1995 - experiment 10) were 
transferred soon after harvest to new and re-numbered potato 
sacks by Dr. Peter Dodds before any cleaning or weighing, so 
that the evaluations could be performed double-blind.
Tuber quality was evaluated through parameters of recognized 
importance for both farmers and consumers, in the following 
order of procedures (Storey & Davies, 1992):
1. Sorting-out of pest or disease-damaged tubers and weighing 

them;
2 . Riddling-out 'chats’, i.e., tubers smaller than 40 mm 

diameter and weighing them separately from the 'ware' 
sized tubers (bigger than 40 mm);

3. Washing samples for direct hydrometer determination of DM% 
and calculation of dry weight yields of each of the above- 
mentioned quality categories;

4. Storage of all samples under monitored and partially 
controlled temperature conditions during six months 
between September and March of each year;

5. Sampling of tubers for tissue browning evaluation.
The facilities used for the winter storage and general 
evaluation of potato samples were part of a building that
belongs to Wye College's Poultry Unit. This included a room
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kindly provided by Dr. Ray Davis and the Biological Sciences 
Department, plus the use of balances, thermometers and 
temperature control devices (Plate 5.7, Chapter 5) . 
Temperature was monitored daily and maintained between 8 and 
15°C: the minimum (during winter months) was set by the 
heating control system thermostat and the maximum (spring) 
was controlled by a blow-in ventilation fan. These simple 
measures avoided both cold store damage and excessive 
sprouting, without departing too much from usual farm storage 
conditions (Burton et al., 1992).
After storage tissue browning evaluation was performed by 
separating representative sub-samples of five average sized 
tubers, cutting them into halves and measuring the percentage 
of darkened tissue in the cross-section area against an 
acetate transparency with a millimetered grid. For data 
analyses and presentation, the percentage browning was 
expressed in a zero to ten score scale where each unit 
represents ten per cent points (e.g.; 1 = 10%, 2,33 = 23.3%).
Tissue browning can be attributed to a combination of 
physiological factors and microbial diseases, which 
significantly influence percentages of marketable tubers. 
This percentage was estimated only for potato trial 1995 
(Hide & Lapwood, 1992; Samaras, 1977; Schulz & Kopke, 
1995a&b).

Chapter 3 - Notes:
1 Descartes in pp. 68-71 of the edited 1979 édition of his 
Discours de la Méthode, established the basic rules of the 
Scientific Method (Règles de la Méthode): "...ainsi, au lieu de 
ce gran nombre de préceptes dont la logique est composé, je 
crus que j'aurais assez des quatre suivants, pourvu que je 
prisse une ferme et constant résolution de ne manquer pas une 
seule fois à les observer. Le premier était de en recevoir 
jamais aucune chose pour vraie, que je en la conusse évidemment 
être telle: c'est-à-dire d'éviter soigneusement la 
précipitacion et la prévention; et de en comprendre rien de 
plus en mes jugements, que ce qui se présenterait si clairement 
et si distinctement à mon esprit, que je n'eusse aucune raison 
de le mettre en doute. Le second, de diviser chacune des 
difficultés que j'examinerais, en autant de parcelles qu'il se 
pourrait et qu'il serait requis pour les mieux résoudre. Le 
troisième, de conduire par ordre mes pensées, en commençant par
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les objets les plus simples et les plus aisés à connaître, pour 
monter peu à peu, comme par degrées, jusqu'à la connaissance 
des plus composés; et supposant même de l'ordre entre ceux qui 
ne se précédent point naturellement les uns que les autres. Et 
le dernier, de faire partout des dénombrements si entiers, et 
des revues si générales, que je fusse assuré de ne rien 
omettre", "...thus, instead of this great number of precepts by 
which Logic is composed, I believed that I would have enough of 
the following four, provided that I would take a firm and 
constant resolution not to fail a single time to observe them. 
The first was never to receive anything else for true, other 
than I would know to be evidently so: that is to say, to 
carefully avoid both precipitation and prevention; and not to 
comprehend anything else from my judgements, other than what 
should present itself so clearly and distinctively to my 
spirit, that I would not have any reason to doubt it. The 
second, to divide each of the difficulties (problems) that I 
would examine in as many parts as possible and required to 
better solve them. The third, to conduct my thoughts in order, 
beginning with the simpler and easier objects (subjects) to 
know (approach), to mount up little by little, as if by 
(ascending) degrees, towards the knowledge of the more complex; 
even supposing an order between those that do not precede each 
other naturally. And the last one, to make such complete 
enumerations and such general reviews everywhere, that I can 
assure myself of not omitting anything".
2 The nutrient contents of each mimic spray was calculated and 
corrected on the basis of their chemical analyses, shown in 
Tables 3.8 to 3.10 (for composts), 3.12 and 3.13 (for overall 
sprays). The colour of the silica sprays did not differ from 
the clear water control and the brownish nettle water resembled 
the compost extracts. Besides, the orange coloured knapsack 
sprayers masked any observation, while the white one was used 
only for the water control (Chapter 7, Plates 7.1 and 7.2). The 
smell was an important factor only for the quite smelly nettle 
water spray, so a simple dust protection mask was soaked in the 
nettle water spray to be used all through the applications 
(Chapter 5, Plate 5.2), making it impossible to distinguish any 
other odours.
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Plate 3.1. General view of Wye College's Controlled Composting 
Systems (CCS) unit, showing tractors with fore-end loader and 
"muck-spreader" used in the compost production experiments.

Plate 3.2. View of composting 
bay: blind-treated compost 
'B' replicate in 1994, with 
temperature probe and hand
monitoring thermometer.

Plate 3.3. Composting control 
panel with twin temperature 
probes and aeration timers 
for two parallel-composting 
bays.
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Plate 3.4. General rear view of Wye College's Controlled 
Composting Systems (CCS) unit, showing control panels and 
aeration fans for composting bays, plus safety leachate tanks.

Plate 3.5. Calibration of Wye College's Compost Applicator.

Plate 3
showing homogeneous compost layers on the treated plots

Applicator,
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Plate 3.7. View of wooden barrels used for spray dynamizations 
outside Wye College's Crop Laboratories.

plate 3.8. Hagberg Falling Number standard equipment at Wye 
College's Crop Laboratories.

Call mg Number S y s t e m  - the international standard m e t h o d  tor determination of alpha-amylase actrvrty

Plate 3.9. Detail of Hagberg Falling Number standard method 
poster, highlighting the 250 ideal score, at Wye College's Crop 
Laboratories.
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Chapter 4
Wheat Field Trial 1993 - Experiment 1

4.1. Introduction
The wheat field trial 1993 was the first experiment carried 
out as part as part of this overall study. It was one of 
the two (with potato 1993 - experiment 2) general systems 
approach trials, comparing the four basic cultivation 
systems - Nil Control, Agrochemical (positive control), 
Organic and Biodynamic; respectively coded 'A', 'A+', 'B'
and 'C' (the last two as blind codes), as an ensemble of 
combined techniques. Parameters evaluated were biomass and 
grain yield, TGW, HFN, grain mineral contents and Soil N.
The general Materials and Methods and methods used for both 
experiments 1 & 2 are reported in Chapter 3, while this 
trial's specific methodological details follow in the 
sequence.

4.2. Materials and Methods
As the first wheat trial, it served to screen general 
techniques and highlight which quality parameters would give 
the clear-cut significant differences that would be worth 
measuring in the subsequent wheat experiments. That is why 
it offers a general grain mineral contents analysis, 
including ash and some elements which were discarded as 
irrelevant parameters for the other wheat trials.
A MSc Sustainable Agriculture Wye College student, Pavel 
Simunek (1994), asked for the possibility of using the sub
samples produced in this trial for the data he intended to 
submit for his thesis on the effects of production systems 
on food quality with particular reference to wheat, under 
the supervision of Dr. A.M. Scofield. It was considered that 
the performing of analyses by a third completely independent 
person would be helpful for reinforcing the totally unbiased 
character of the double-blind methodology proposed for the 
quality evaluations. So, a great deal of the analytical work 
done on this trial's sub-samples was performed by Mr. 
gimunek, especially the analyses of mineral contents that 
were additional to the basic NPK contents.
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Sub-samples for quality analyses were randomly re-numbered 
by Dr. Peter Dodds and the analytical work was done under a 
double blind masking of both treatments and samples.

4.2.1. Field Trial Cropping Methods
Plots were marked in tandem, positioned in the north-east to 
south-west axis, as shown in Appendix 36. Four 
representative soil samples, one for each treatment system, 
were analysed for macronutrients (Table 4.1). They were 
obtained from a mixture of three random soil-auger sub
samples from each of the six replicate plots. The soil 
analyses highlighted no significant soil fertility 
differences between the treatment plots.
Table 4.1. Soil analysis results (ADAS batch 00162960, 15/03/93) 
from four soil samples (bulked field replicates) taken from the 
respective treatment plots in wheat field trial 1993.___________ _

Plots
(treats)

pH OM
%

N
%

P
( mq. L '1 )

K
( rag . L '1 )

Ca
( mg. L "1 )

Mg
( mq . L '1 )

A 8.3 3.2 0.24 35 222 3620 50
A+ 8.1 3.3 0.25 35 220 3600 51
B 8.2 3.3 0.24 34 219 3520 49
C 8.2 3.2 0.24 33 221 3530 50

The mature 5-month--old garden and food waste compost
labelled 'A', was made between September 1992 and February 
1993 from weekly processed materials through the Wye
Village collection. It was used after proper sifting in a 
mechanical sieve, in order to eliminate the remaining
pieces of wood, twigs and other lignified garden materials, 
which could not be decomposed during the composting process
and which would interfere with the actual amount of
available nutrients to be applied in the trials. The NPK 
contents of the compost are reported in Chapter 3, Tables 
3.8 and 3.9. Compost production (Plates 3.1 to 3.4) 
application form (Plates 3.5 & 3.6) and doses (Tables 3.11) 
were also described in Chapter 3, as well as the drilling 
(Plate 4.1) and spraying procedures (Plate 3.7). In all 
field trials, compost was always lightly incorporated into 
the soil with a rotary power harrow, after spreading with 
the Wye Compost Applicator, as shown in Plates 3.6 and 6.1.
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Table 4.2 shows Experiment l's diary of activities, giving 
the details of the lunar positions for the drilling and 
harvesting dates, although all relevant treatments were 
done under the same astronomical conditions and controlled 
using M. Thun's calendars (1993-1996), as it could be 
considered a matter of importance by researchers and 
practitioners of the BD method.
Table 4.2. Experiment 1 - Wheat 1993, diary of activities.

Date Activity
24-25/02/93
26/02/93

15-17/03/93
17/03/93
19/03/93
19/03/93
20/03/93

04/05/93
13/05/93
18/05/93
03/06/93
07/06/93
15/06/93
17/06/93
30/06/93
13/07/93
30/07/93
06/08/93
16/08/93
23/08/93
26/08/93

Plot demarcation 
Soil sampling 

Compost 'A' sifting
Soil tillage: disk plough & power harrow

Compost application to wheat plots
Soil and seed spraying with BD & Mimic preps

Wheat drilling - Spring Equinox 
(Waning Moon ascending in Waterman)

1st half of Nitram (A+) application - GS2 stage
1st Nettle prep spraying - two tiller stage
1st Soil sampling for Nitrate and Ammonium

2nd half of Nitram (A+) application - GS32 stage
1st P501 prep spraying - flag leaf opening
2nd Soil sampling for Nitrate and Ammonium
1st Horsetail + Kieselguhr prep spraying

1st wheat & weed DGA sampling
2nd Nettle prep spraying - initial milky-grain

2nd wheat & weed DGA sampling
2nd P501 prep spraying - grain filling & drying

3rd Soil sampling for Nitrate and Ammonium
3rd wheat & weed DGA sampling

Harvest, 2 PM (Waxing Moon ascending in Archer)

4.2.2. Stand and Biomass Evaluation Methods
Stand and biomass evaluations were done through three wheat 
and weed DGA samplings, taken on the dates shown in Table
4.2. Samples were stored at 5°C in the Crops Lab cold room
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immediately after collection and processed in blocks of 
replicates including all four treatments.
Wheat stems and leaves (samplings labelled PI to P3) were 
separated from ears (samplings labelled El to E3) and 
weighed in a precision balance with one-tenth of a
milligram accuracy, both before and after they were dried 
in the force-ventilated Crop Labs ovens at 80° C for an
average of 48 hours. General procedures were described in 
Chapter 3.

4.2.3. Yield and Quality Evaluation Methods
Wheat weights were corrected for a 14% MC for standard
yield comparisons and TGW, according to Formula I shown in 
Chapter 3 (HGCA, 1996). For the HFN test the sample weight 
was corrected to a standard weight of 7 grams at 15%
moisture content according to Formula II shown in Chapter 3 
and the tables included in the Hagberg Falling Number 
Manual (circa 1988).
Grain crude protein and mineral contents were determined in 
wholemeal flour samples previously digested through the 
Kjeldahl acid oxidation method, as described in Chapter 3. 
Filtered liquid sub-samples were run through the continuous 
flow auto-analyser SFA-2 for ammoniurn-N determination. Based 
on the assumption of a 16% total N in the composition of 
proteins, to indicate grain crude protein content, the total 
nitrogen content was multiplied by a constant (f = 6.25), 
and then expressed on a basis of 14% grain moisture. 
Phosphorus in the form of P04' was also determined on the 
continuous flow auto-analyser SFA-2. For the separate 
determination of other mineral contents, liquid sub-samples 
were either run through the Flame Photometer 410 for 
potassium, or the atomic absorption spectrophotometer for 
calcium and sodium (Allen, 1989).
Grain nitrate contents were determined by the hydrazine 
reduction method, in which wholemeal flour was extracted 
with an aqueous solution, filtered and NO3 was determined 
by means of an automated colorimetric procedure.
Ash contents were obtained by burning the grain at 550°C in 
a laboratory oven and weighing the remaining material.
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4.3. Results
Results are shown by category in their general
chronological order of evaluation in the respective 
following sections. Statistical significance is presented 
in terms of 'p' percentage probability values of the F- 
distribution according to the Fisher-Behrens test, applied 
to the analysis of variance (ANOVA) of contrasts of 
interest (Pearce, 1992; Mr. Alan Clewer and Dr. Trudy Watt, 
personal communication; Mead et al., 1993; Rothamsted 1999, 
http://www.res.bbsrc.ac.uk/stats/).
Due to a fertilizer spill which occurred in the 'A' control 
plot number 6 during the first Nitram application, samples 
from this plot were discarded for this year's (1993) 
results. Genstat 5 was programmed to consider it as a 
missing set of data, with no detriment to the overall 
experiment thanks to the remaining five 'A' Control 
replicates.
Data presentation in the colour figures at the end of each 
chapter follows a stable colour-code for each treatment, to 
facilitate their identification. The general colour codes 
for the main treatment systems compared throughout all the 
research work are:
• Brown - for the nil fertilizer Control system (A) or 

water spray treatments.
• Red - for the Agrochemical fertilizer positive control 

system (A+) or mimic nutrient spray treatments.
• Green - for the Organic system (B) , compost or mimic 

organic spray treatments.
• Blue - for the Biodynamic system (C), compost or true BD 

preparation spray treatments.
Additional colour-codes applicable to specific experiments 
will be given at the beginning of each Results section of 
each Chapter.

4.3.1. Destructive Growth Analyses
The raw data of the 1993 DGAs are shown in Appendix 1 and 
the relevant means used for statistical comparisons are 
presented in Figures 4.1 and 4.2.
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4.3.1.1. Stem and Leaf Dry Weights in DGAs PI to P3
While no significant differences were found between the 
treatment samples for the first stem & leaf DGA sampling 
(PI, 30/06/93), in P2 (30/07/93), the A+ Nitram treatment 
presented a significantly higher biomass dry weight in the 
contrast against the mean of the three other treatments 
[p(A+ Nitram vs. A,B,C)= 0.031*]. There were no significant 
differences though between the A+ Nitram positive control 
and either the Organic (Compost B) or Biodynamic (Compost 
C) treatments.
In P3 (23/08/93) on the other hand, the DWt biomass of the 
Biodynamic (C) as well as its mean with the Organic (B) 
treatment were significantly higher than the control [p(A 
vs. C) = 0.004**; p (A vs. B)= 0.036*; p (A vs. B,C) =
0.005**]. This caused the existence of an overall 
significant difference p(system)= 0.029*. These results are 
graphically illustrated in Figure 4.1.

4.3.1.2. Ear Dry Weights in DGAs El to E3
Similarly, no significant differences were found for the 
first ear DGA sampling (El) . For E2 there was an overall 
significant difference p(system)= 0.021*, which was
justified by the contrasts: p(Control A vs. B,C)= 0.044*, 
in which the Organic and BD treatment had higher ear DWt 
than the control; and p(A+ vs. A,B,C)= 0.012*, in which the 
Nitram had higher ear DWt than all the other treatments. In 
E3 the picture changed slightly, with the BD, Organic and 
Nitram treatments presenting close DWts, which were 
significantly higher than the control [p(Control A vs.

0.004**], causing an overall significant difference 
between systems, p(system)= 0.016*. These results are
illustrated in Figure 4.2.

4.3.1.3. Weed Dry Weights in DGAs W1 to W3
The weeds present in the plot samples were identified by 
species and quantified by visual assessment in percentages 
of the total weed population covering the quadrat area 
samples used for the three DGAs and expressed as a mean 
value of the three samplings, as follows:

204



• Stellaria media (chickweed) - 18 %
• Polygonum aviculare (knotgrass or knotweed) - 15 %
• Papaver rhoeas (corn poppy) - 14 %
• Rumex sp (dock) - 12 %
• Poa annua (meadow grass) - 10 %
• Chenopodium album (fat hen) - 8 %
• Cirsium arvense (creeping thistle) - 7 %
• Matricaria spp (mayweed) - 4 %
• Sinapis arvensis (charlock) - 4 %
• Brassica oleracea (oilseed rape) - 4 %
• Lamium purpureum (red dead nettle) - 2%
• Fumaria officinalis (fumitory) - 2%
• Anagalis arvensis (scarlet pimpernel) - 1%
These values were meant to be compared with an equivalent 
observation by the end of the three-year period of trials, 
including a weed-suppressing allelopathic rotation with 
green manures (1994) in the same plots, which will be shown 
in Chapter 9 (1995 wheat trial).
There were significant DWt differences only in the first 
weed sampling W1 [p(system) = 0.04 6*, p (A+ vs. A,B,C) = 
0.014*; p (A+ vs. C) = 0.045*], in which the A+ Nitram
System presented the highest weed dry biomass (17.0 g) , 
followed by Compost B (10.4 g) , Compost C (7.9 g) and 
finally the nil Control A (4.2 g), with an s.e.d. = 4.11.
For the other samplings (W2 & ' W3) no significant DWt
differences were found. Plate 4.2 shows an aspect of the 
trial by the time of the second DGA sampling showing the 
only heavy weed infestation site, with creeping thistles 
(Cirsium arvense) in one end of plots 12 (A) and 13 (B).

4.3.2. Yields and Soil Nitrogen
The raw 1993 yield and soil N data are shown in Appendix 2 
while the relevant means used for statistical comparisons 
are presented in Figures 4.3, 4.9 and 4.10.
Combine-harvesting with the 'Claas Compact 25' is 
illustrated in Plate 4.3. No significant differences were 
found in terms of mean figures of grain MC% at harvest 
time.
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Significant standardized 14% MC yield differences overall 
[P(system) = 0.002**] were found: the Nitram treatment 
produced the highest yields (mean of 4724 kg.ha"1) , 
followed by the Organic (4346 kg.ha'1) and BD (4320 kg.ha" 
1), which did not differ between themselves but were 
significantly higher [p(A vs. B,C)= 0.009**] than the nil 
control (3909 kg.ha'1) . These results are illustrated in 
Figure 4.3.
These results are well correlated with the Nitrate and 
Ammonium contents found in the three soil samplings 
collected during the growing season, plus the final soil 
sample taken in November 1995, when all field trials were 
over. Average nitrate contents in the Nitram treated plots 
were between 2 and 3 times higher than in the control, 
Organic and BD systems (p < 0.001***), which had received 
either no fertilizer or the same amount of total nitrogen 
as mature compost. The latter did not differ in N03 
contents at any of the sample collection dates and a 
levelling of this variate in all treatments had occurred by 
the time of the final sampling two year later on the 
15/11/95, as illustrated in Figure 4.9.
Soil ammonium was also higher in the Nitram plots for the 
first sampling date [p(A+ vs. A,B,C)= 0.002**], while there 
were no significant differences in the mid-season sampling 
and the BD plots had a higher NH4+ content in the last 
collection [p(A,A+,B vs. C)= 0.045*]. No significant 
differences were found by the time of the final sampling. 
These soil NH4+ results are illustrated in Figure 4.10.

4.3.3. Wheat Quality Evaluation
The raw 1993 TGW, HFN, crude protein and mineral contents
data are shown in Appendix 3 and Appendix 4, with coded 
data grouped by treatment. This offers an example of how 
the blind-coded data was analysed without breaking the 
codes. The relevant means used for statistical comparisons 
are presented in Figures 4.4 (TGW), 4.5 (HFN), 4.6 (crude 
protein), 4.7 (P contents), and 4.8 (Na contents).
TGW means present a sharp contrast with the yield results: 
the Nitram treatment greatly reduced it in relation to all
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other treatments [p(A+ vs. A,B,C)< 0.001***; p(system)=
0.007**], as shown in Figure 4.4.
The ideal (249.83, close to 250) mean HFN score was 
obtained by the BD treatment, which was the only 
significantly different from all the three others [p(A,A+,B 
vs. C) = 0.003**; p(A+ vs. C)= 0.003**; p (A+ vs. A,B,C) = 
0.042*; p(system)= 0.016*]. Here a significant difference 
[p(B vs. C)= 0.010*] between the Organic and the Biodynamic 
systems was found for the first time, as shown in Figure
4.5.
Crude protein % was significantly higher for the Nitram 
treatment in contrast with all the others [p(system)< 
0.001***; p (A+ vs. A,B,C) < 0.001***; p (A+ vs. B) <
0.001***; p (A+ vs. C) < 0.001***], while the Control also 
had a significantly lower crude protein % than the Organic 
and BD treatments [p(A vs. B,C)= 0.017*]. These results are 
illustrated in Figure 4.6.
Phosphorus contents (Figure 4.7) were significantly higher 
in the Organic than in the BD and Nitram samples [p(B vs. 
C)= 0.006**; p (A+ vs. B)= 0.039*; p(system)= 0.035*] and 
comparable only to the P contents in the control samples. 
The BD treatment induced the lowest mean P contents in 
grain samples [p(A,A+,B vs. C)= 0.029*].
While no significant differences were found in terms of K 
N03', Ca and Ash contents, the Na % (Figure 4.8) was the 
highest in the control samples and the lowest for the 
Nitram treatment [p(A vs. B,C)= 0.043*; p (A+ vs. A,B,C) =
0. 025*; p(system)= 0.036*].

4.4. Discussion
The chosen contrasts of interest refer to three fundamental 
comparisons for the objectives of this research, in order 
of importance (Pearce, 1992):
1. Between the Organic and Biodynamic systems, to check 

for significant influences of BD treatments.
II.Between the mean of Organic and Biodynamic versus the 

Agrochemical system, to check for their 
competitiveness.
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III.Between the mean of Organic and Biodynamic systems 
versus the Control [p(A vs. B,C], to check for their 
net yield and quality contributions.

Nevertheless, other individual [p(A+ vs. C) or p(A+ vs. B)] 
or specific comparisons were chosen to highlight relevant 
effects due to either BD or agrochemical treatments 
[p (A, A+, B vs. C) and p (A+ vs. A, B, C) ] .
The comments that follow are in the same order of the 
results presented above. Bold type serves to guide and 
cross-identify parameters discussed in the text.
The distribution of the residuals, as well as the plotting 
of residuals vs. fitted values, were reasonably normal for 
all parameters evaluated, showing that the significant 
differences identified are statistically consistent. This 
is illustrated by the "Histograms of r" and "r vs. f 
values" graphics at the end of the examples of Gens tat 5 
Statistical Output files, given in Appendices 33, 34 & 35.
The effects of biodynamic preparation treatments are 
probably more dependent on a right interaction with weather 
conditions than other agricultural techniques and 
practices, as shown by the subsequent trials (see General 
Discussion, Chapter 12). Thus, for a good interpretation of 
the results, it is essential to refer to the regional 
climatic conditions, especially during the summer of 1993, 
which was more or less typical of this part of England. 
Meteorological data for the three years of field trials are 
shown in Appendices 42 and 43. There was reasonably well 
distributed rainfall and there were few days during which 
temperatures reached or surpassed 25° C. By the end of 
August, when the wheat was harvested, the weather was 
overcast and drizzly. This contributed to the higher grain 
MC%, which would eventually lead to a seed sprouting and 
very low HFN values, if the grain were not dried down to 
around 15% MC by cold ventilation.
As was discussed in Chapter 2, sections 2.5.2.1 and
2 .5.2.3.1, the BD field sprays are divided in two groups, 
according to the polar effects they induce or mediate: 
while P500 and Nettle water are intended to promote

208



quantitative growth through water and nutrient absorption 
(the water and earth polarity) , P501 and Horsetail tea are 
expected to rather contain or regulate growth, enhancing 
qualitative aspects (the light and warmth polarity). For an 
average summer like this an average BD treatment balanced 
between two nettle water and two P501 spray applications 
was considered ideal to obtain milling quality wheat (Mr. 
Alan G. Brockman, personal communication 1993 and Brockman, 
1998) .
The significantly higher biomass dry weight in the stem & 
leaf P2 DGA contrast between the A+ Nitram and the mean of 
the three other treatments [p(A+ vs. A,B,C) = 0.031*] was 
due to the significantly lower biomass of the 'A' control 
samples (190.2 g) , although the BD mean was close to the 
borderline [A+ vs. C)= 0.072]. It is interesting to note 
the inversion of the situation in P3 DGA, where the lower 
relative DWt of the A+ samples can be attributed to the 
higher MC% of Nitram treated plants, which actually looked 
darker green before the drying-up cereal ripening process. 
So, the lowering of the final DWt of A+ plants (equivalent 
to B & C) can be directly attributed to the general lower 
DM% of plants treated with soluble N fertilizers 
(Wistinghausen 1973; Knorr, 1983; Meier-Ploeguer et al., 
1989), a feature which will also be observed in the potato 
experiments.
A similar situation was presented by the ear DGA samplings. 
The higher sample mean DWt from the Nitram treatment in E2 
decreased with the ripening water loss to a non-significant 
difference with the BD and Organic treatments in E3.
Weeds initially (Wl) benefited from the Nitram applications 
with a "jump start", which was later controlled by the 
crop's suppressive competition, down to non-significant 
differences. This shows a good wheat growth performance and 
indicates that the excess N from the Nitram applications is 
likely to increase weed infestation probabilities, 
requiring control measures in the following cropping 
seasons. These measures must be alternative to the use of 
herbicides, due to their possible interference in the more 
subtle biodynamic and allelopathic effects, which are the
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main objective of this work. Competitive green manures with 
both vegetatively suppressing and allomonic properties 
against weeds are the available alternative, offering an 
additional inference into allelopathic influences in 
agricultural systems and crop rotations.
Higher yields were consistent with soil nitrate levels 
under the different treatments, although the Nitram 
treatment did not increase yields in proportion to its soil 
nitrate content, which was 2 to 3 times higher than in the 
other treatments. Nitram treatment mean yields were only 
significantly higher at the 5 % level, while the increase 
provided by the compost treatments in relation to the nil 
control has a higher degree of significance [p(A vs. B,C)=
0 009**], with no detectable changes in soluble soil N. 
These significant differences between A vs. B&C show good 
productivity increase by the compost, considering the high 
natural soil fertility of the plots (Burnham, 1994).
Soil ammonium was also unexpectedly higher in At plots at 
the time of the first sampling (20/05/93), considering the 
high soil pH, which promoted its oxidation to nitrates with 
the passing of time. These higher soil N levels until after 
harvest time mean both a resource waste and probable 
groundwater pollution (Koepf, 1977).
Differential yield responses between Organic & BD 
treatments in the first year would be unexpected, taking 
into account the same compost used for both treatments. 
Otherwise, there was a reasonably rapid response to the 
organic manuring, considering that the spring wheat was 
sown only 11 clays after the compost application, which did 
not give the nutrients provided by the compost the chance 
to properly mineralize in the soil. Contrary to the belief 
that only winter crops can benefit from early applied 
organic fertilizers, the significantly higher yields of the 
organic and BD treatment systems in relation to the nil 
control and the non-significant differences between organic 
and BD versus the Nitram treatment in the final P3 and E3 
Dgas (quite remarkable, considering the differences in 
terms of soluble nitrate) show that spring wheat can 
effectively show yield benefits from good quality organic
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fertilizers, probably with the help of soil-microbial 
symbioses, including mycorrhiza, which can significantly 
improve not only N uptake, but also other important 
elements, like P, MN, Fe, Zn and Cu (Coleman, 1985; Ingham 
et al., 1986b; Mosse, 1986; Ryan et al., 1994; Dekkers, 
1995; Mader et al., 1995).
The greatly reduced TGW in the Nitram treatment in relation 
to all others presents a sharp contrast with the increased 
yield results of the compost applications, which did not 
decrease the mean weights of the individual grains. Soluble 
N fertilizer rather promotes a higher number of smaller 
grains to set, while compost only offers what the plant can 
get through either microbial associations (e.g.; 
mycorrhizal; Fries et al., 1992) or time (and also microbe) 
dependent N mineralization. This may well imply in higher 
quality for organic seed, in terms of general vigour and 
germination, which would be worth submitting to proper 
testing in specific seed reproduction experiments.
Significant differences between Organic & BD treatments 
already in the first year show that purely qualitative 
parameters are adequate to detect the more subtle effects. 
The superior or ideal HFN (see Plate 3.9) of the biodynamic 
flour means a well-balanced alpha-amylase activity, which 
corroborate the claims of higher biological value of BD 
produce. This shows that some additional regulating factor 
to the simple organic manuring had a decisive effect for 
the plants to rightly metabolise the N into functional 
enzymes or active proteins, the activity of which can be 
measured. It is worth noting that while all samples were 
within the acceptable HFN range (200-300, see Table 3.14), 
indicating good harvesting and storage procedures, the BD 
flour was the only one to significantly differ from all 
other treatments. Balanced gluten and amino acid contents 
are positively correlated with HFN, so it provides indirect 
information on general protein quality (Perten, 1964; 
Perten, 1967).
Although the one of the original papers on the application 
of the HFN method for evaluating alpha-amylase activity is 
very clear stating that; "Normally, bakery-type wheat flour
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has a falling number between 200 and 250. When the falling 
number lies below 150, there is a great danger that the 
breadcrumb will be sticky. When the falling number is 
greater than 350, bread volume is diminished and a dry 
crumb results/ unless the defect is balanced by the 
addition of malt" (Perten, 1964) . So, there is a clear 
indication that 250 effectively is the ideal score for the 
above-mentioned reasons and because it correlates with the 
best quality loaves, as shown in the method's poster (Plate 
3.9) .
Nevertheless, some technical literature indicates without 
either scientific basis or consideration for actual bread 
quality, that 250 is the '‘'minimum" HFN value (HGCA, 1993) .

point of view is rather biased for the benefit of 
middlemen, like industrial millers and big cereal dealers, 
which take advantage of buying very high HFN 'dead grain" 
that can be more easily stored for longer periods of time. 
For bread making, this 'dead flour" is just mixed with 
malted grain in the dough, to correct its defect. This 
prompts institutions and companies to offer quality awards 
to wheat growers who achieve the highest crude protein and 
HFN levels in their wheat crops, which are indeed more 
difficult to achieve and require higher N fertilizer 
applications (Farmers Weekly, 1995a). This is actually the 
only known manipulative way of increasing HFN values, as 
even grain heat treatment drying does not succeed in this 
before reaching 75-80°C, which severely damage endosperm 
proteins before inactivating alpha-amylase (Perten, 1967).
The highest P content in the organic grain can be related 
to the above-mentioned BD regulating factors, which may 
well be linked to silicon based preparations (P501, P502, 
P506 & horsetail tea + kieselguhr) and effects (Spiess, 
1978; Raupp & König, 1996). As was discussed in Chapter 2 
(Section 2.6.3), Si is known to interfere in P uptake and 
metabolism in contrasting ways, depending on the plant 
species (Kudinova, 1974; Miyake & Takahashi, 1985; El 
Behairy, 1994). This higher P content is negatively 
correlated with protein quality in terms of baking 
properties, which is consistent with the poorer HFN results
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of the Organic in relation to the BD treatment (Pomeranz, 
1971).
The respective highest and lowest Na contents in the 
control and Nitram treatment samples, with the Organic and 
BD treatments in the mid-range, are consistent with the 
yield levels, as lower yields will normally lead to higher 
sodium concentrations in tissues (Salisbury & Ross, 1992).
The higher Kjeldahl, total NH 4-N based crude protein 
content in "A+" does not necessarily mean true protein and 
calls for a specific method of analysis like the "True- 
Protein" determination method that using "Stutzer's 
reagent" (Tyler, 1950).
As there were no differences between treatments in terms of 
grain nitrate contents (as expected in dry tissues) this 
significantly higher total NH 4-N content in "A+" must 
express the presence of other non-protein N compounds, like 
purine bases and their breakdown product: urea (Salisbury & 
Ross, 1992). This could also mean free amino acids 
especially in the green plants, which are detrimental in 
terms of plant and human health (Chaboussou, 1980 & 1985) , 
although crude protein is an important premium-price 
determining factor, for the same commercial reasons above- 
described for the HFN values.
The significantly higher total NH4-N content in "A+" can 
also be correlated with the smaller grain size, in which 
the surface¡volume ratio is higher, thus causing the grain 
to have proportionally less starch and more bran, which 
contains the nitrogen compounds.
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Plate 4.1. The prec
all wheat trials.

11 'Hege 80' used in

Plate 4.2. Wheat plots in 1993, showing the only heavy weed 
infestation site, with creeping thistles (Cirsium arvense) in 
one end of plots 12 (treat. A, right hand side) and 13(B).

Plate 4.3. The 'Claas Compact 25' gr -Harvester with
in-built balance used in experimental plots.
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Plate 4.4. 'Hunting Master-Counter' equipment and precision 
balance used for TGW, MC% and HFN determinations.

Plate 4.5. Counting of wheat grains. Plate 4.6. HFN test.

e m |

plate 4.7. 'Protimeter' electronic grain moisture meter anc 
'lap-top' computer for direct feeding of data in spreadsheets.
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S.E.D.= 15.05(P2) S.E.D.= 16.66(P3)

Figure 4.1. Spring Wheat'93 DGAs: Stem and Leaf Biomass dry weight in three 
destructive plant sample sets (P1-3)  under four systems: A (nil), A+ (Ammonium 
Nitrate, 125 KgN/ha) , B & C = blind Organic & Biodynamic (60T/ha F Y M  
compost).

Figure 4.2. Spring Wheat 1993 DGAs: Ear dry weight in three destructive 
sample sets (E1-3) (Same trial as Fig. 4.1)
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Contraiti: p(X+ V» A,B,C>- o.ooi*** p(A rm B,C)- 0.009**

P(A+ va B)- 0.035* p(A+ va C). 0.036*

Systems
Figure 4.3. Spring Wheat'93 "Canon" - Yields per hectare of grain with 14% 
moisture content in blind RCB field trial, under four systems: A (nil), A+ 
(Ammonium Nitrate, 125 KgN/ha), B & C = blind Organic & Biodynamic (60T/ha 
FYM compost).

Contralt: p(A+ va A,B,C) < 0.001*** p (System)= 0.007**
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Figure 4.4. Spring Wheat'93 (variety Canon) - Mean Thousand Grain Weight
(TGW) comparing four treatment systems in double-blind RCB field trial (same
as Fig. 4.3).
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HTN score«: below 150 = sticky bread; between 200 fc 300 ■ acceptable; 300 plus = dry bread. 

Contrasts: p(A+ vs A,B,C) = 0.042*; p(B vs C)= 0.010*; p(A,A+,B vs C)= 0.003**
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267.5
273.0

p(System)= 0.016*

SID « 7.81

249.8
Ideal:250

Control(A) Nitram(A+) Organic(B)
Systems

Blodynamlc(C)

Figure 4.5. Baking quality of spring wheat'93 flour (variety Canon), using 
HFN (Hagberg Falling Number - the inverse of alpha-amylase activity) 
comparing four treatment systems in double-blind RCB field trial (same as 
Fig. 4.3).

Contrasts: p(A vs B,C)- 0.017*; p(A+ vs A,B,C)< 0.001***
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Figure 4.6. Spring Wheat'93 (variety Canon) - Crude Protein % contents
comparing four treatment systems in double-blind RCB field trial (same as
Fig. 4.3).

218



Contrasts: p(B vs C) = 0.006**1 p(A+ vs B) = 0.039

p(System)=0.035* SXD=0.011

Control(A) Nitram(A+) Organic(B) Biodynamic(C)
Systems

Figure 4.7. Spring Wheat'93 (variety Canon) - Mean Phosphorus % contents 
comparing four treatment systems in double-blind RCB field trial (same as 
Fig. 4.3).

Contrasts: p(Avs B,C)= 0.043*; p(A+vs A,B,C) = 0.025*; p(A+vs B,C)> 0.184 MS

p(System)=0.036*

Systems
Figure 4.8. Spring Wheat'93 (variety Canon) - Mean Sodium % contents
comparing four treatment systems in double-blind RCB field trial (same as
Fig. 4.3) S.E.D.= 0.000834.
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Figure 4.9. Soil Nitrate means in 24 plots under four soil treatments in 
medium term Wheat Trial: three sampling dates during cropping season 1993, 
plus one final sampling in 1995, at the end of the experiment (same as Fig. 
4.3) .

Contrasts:

1.40

1.20

20/05/93 16/06/93 16/08/93 15/11/95
s.a.d.- 0.0481 s.a.d.« 0.0344 S.a.d.« 0.0379 s.a.d.- 0.0418

□ Control (A)
□ Nitram(A+)
□ Organic (B)
□ Biodynamic(C)

Sampling Dates

Figure 4.10. Soil Ammonium means in 24 plots under four soil treatments in 
medium term Wheat Trial: three sampling dates in 1993, one final sampling in 
1995 at the end of the three year experiment (same as Fig. 4.3).
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Chapter 5
Potato Field Trial 1993 - Experiment 2

5.1. Introduction
The potato field trial 1993 was the second of the two (with 
wheat 1993 - experiment 1) general systems approach trials, 
comparing the four basic cultivation systems - Nil Control, 
Agrochemical (positive control), Organic and Biodynamic; 
respectively coded 'A', 'A+', 'B' and • C * (these last two
as blind codes), as an ensemble of combined techniques.
The general materials and methods used for both experiments 
1 & 2 are reported in Chapter 3, while this trial's
specific methodological details follow in the sequence.

5.2. Materials and Methods
As the first potato trial, it served to screen general 
techniques and to highlight the relevant quality 
parameters, which would give clear-cut significant 
differences and which would be worth measuring in 
subsequent potato trials.
Planting, manuring, cultivating, harvesting and storing 
procedures followed the most widely recommended techniques 
for the potato crop (both conventional and biodynamic), 
adapted to the regional conditions of South East England 
(Harris, 1992; Sattler & Wistinghausen, 1992).

5.2.1. Field Trial Cropping Methods
Four representative soil samples, one for each treatment 
system, taken using the same procedures described in 
Chapter 4, were analysed for macronutrients. The results 
showed no significant soil fertility differences between 
the treatment plots (Table 5.1).
Seed-tuber planting was done with the traditional English 
'potato-planter' shown in Plate 5.1, and satisfactory weed 
control was achieved through the mechanical ridging 
described in Chapter 3 (Witney & McRae, 1992; Lutman, 
1992). Plates 5.2 and 5.3 illustrate how weed incidence was 
notably higher in the uncultivated passageways between
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plots and comparatively lower in the same plots replanted 
in 1995 than in 1993.
Table 5.
15/03/93)
treatment

1. Soil analysis results (ADAS 
from 4 soil samples taken from 

plots in potato field trial 1993.
batch
the

00162960,
respective

Plots
(treats) PH OM

%
N

%

P(m g . Lf1) K

(m g . L ”1)
Ca

(m g . L ”1)
M g

(mg.L'1)

A 8.1 3.3 0.25 32 220 3520 51
A+ 8.1 3.3 0.24 32 226 3530 52
B 8.2 3.3 0.25 33 223 3580 50
C 8.2 3.1 0.23 33 220 3570 51

Table 5.2 shows the trial's diary of activities.
Table 5.2. Experiment 2 - Potato 1993, diary of activities. 

Date ___________ Activity______
26/02/93

15-17/03/93
26/03/93

01-02/04/93
02/04/93
04/04/93
06/04/93
15/05/93
20/05/93
21/05/93
07/06/93
15/06/93
17/06/93
30/06/93
12/07/93
02/08/93
06/08/93
16/08/93
24/09/93

Plot demarcation & Soil sampling
Compost 'A' sifting

Split-Plot re-marking & Soil tillage
Compost application & plot ridging

Soil & seed-tuber spraying (BD & Mimic preps)
Seed-tuber weighing and individual bagging

Potato planting & NPK application to 'A+' plots 
(Full Moon descending in Virgin)

Cultivation by 'earthing-up* potato ridges
1st Soil sampling for Nitrate and Ammonium

1st Nettle prep spraying - stem branching stage
1st P501 prep spraying - flower buds forming
2nd Soil sampling for Nitrate and Ammonium
1st Horsetail + Kieselguhr prep spraying

Potato and Weed Visual Assessment
2nd Nettle prep spraying - flowering stage

2nd Horsetail + Kieselguhr prep + MgS04 spraying
2nd P501 prep spraying - tuber formation
3rd Soil sampling for Nitrate and Ammonium

Harvest, 2 PM (Waxing Moon ascending in Archer)

The 667 kg.ha-1 of NPK 15-15-20 fertilizer application 
described in Chapter 3, Section 3.3.1.2, provided a mineral 
nutrition level which is compatible with the known 
requirements of the potato crop in a fertile Wantage grey
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rendzina soil (Table 5.1) like the one found in Orchard 
Field (Harris, 1992; MAFF/ADAS, 1988 & 1994; Burnham, 
1994).
Two potato varieties, Cara and Pentland Crown, were used in 
this first year not only to compare differential treatment 
responses but also to reduce the risk of losing data, 
should Pentland Crown be wiped out by Phytophthora 
infestans (Hide & Lapwood, 1992).
Seed-tubers were cut and weighed into equivalent bags 
containing twelve "potato seeds" for each row. The bags 
were labelled according to the treatments and planted under 
careful supervision in their respective plots (Plate 5.1). 
Soil and seed-tuber spraying with the BD prep mix and its 
mimic sprays, as described in Chapter 3, Section 3.3.1, was 
performed only for this potato trial, to compensate for the 
lack of previously treated BD compost.
To the second horsetail + kieselguhr preparation spray was 
added magnesium sulphate heptahydrate (MgS04 or Epson 
salts) as a source of magnesium, of which potato plants 
seemed to be deficient. A non-ionic wetter ('Hightrees', 
90% ethylene oxide condensate w/w) was also added at 15 ml 
per 100 L. The mimic spray consisted only of the Epson 
salts plus wetter solution.
The harvest was semi-mechanized, using a potato-digger plus 
handpicking, as shown in Plate 5.6.

5.2.2. Stand and Biomass Evaluation Methods
Visual assessments for all the potato trials were performed 
through attributing scores of '1 to 9' on vigour, growth 
form, canopy cover, blight (P. infestans) and weed 
incidence (Allen & Scott, 1980; Watt & Lee, 1992).
Besides the general colour codes used in the figures for 
the main treatment systems given in Chapter 4, Section 4.3, 
the colours "red" and "blue" were chosen to represent the 
two potato varieties compared in the split-plot design: 
Cara is represented by "red" and Pentland Crown by "blue" 
(Figures 5.1 and 5.7). The main colour codes apply only to

223



Figures 5.8 and 5.9, where the main treatment systems are 
compared.

5.2.3. Yield and Quality Evaluation Methods
As yields were measured both in fresh and dry weights, they 
were related to tuber quality, with especial reference to 
the dry matter contents (Storey & Davies, 1992). Ware sized 
tubers with no damage and storage browning constituted the 
final yield and quality parameter.
Tissue browning evaluation after 6 months of storage 
(described in Chapter 3, Section 3.9.2) was used as a 
straightforward measure of the physical, physiological and 
pathological condition of the potato tubers (Burton et al., 
1992; Hide & Lapwood, 1992).

5.3. Results
The results are described in the following sections, under 
the headings relating to the different parameters 
evaluated. The raw data are presented in Appendices 5 to 8.

5.3.1. Yields (t.ha"1)
Variety Cara produced more than Pentland Crown in terms of 
both FWt and DWt [p(variety) < 0.001***].
The mean fresh yield per ha of the NPK treated plots (34.46 
t) was significantly higher than the mean of all other 
treatments [p(A+ vs. A,B,C)= 0.026*; A= 29.57, B= 28.40 & 
C= 30.41]. The only significantly different individual FWt 
contrast for the means of the two varieties though, was 
between the NPK and the Organic treatments [p(A+ vs. B) = 
0.027*; system s.e.d.= 2.479], as shown in Figure 5.1.
The Cara variety under NPK treatments produced the only 
significantly higher FWt yield (39.37 t.ha'1, interaction 
s.e.d.= 2.954 t) in relation to the control (31.53 t.ha"1). 
The NPK treatment produced significantly higher yield than 
the organic [p(A+ vs. B)= 0.027*], while the BD and NPK 
treatments did not differ from each other in terms of FWt 
for both potato varieties. The only significant difference 
(interaction LSD = 1.317 t) found in terms of DWt yields
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was between the NPK (8.81 t.ha"1) and the organic system 
(7.39 t.ha"1) for the Cara variety [p(A+ vs. B= 0.052BL) for 
the means of two varieties]. There were no statistically 
significant differences in terms of DWt yields overall (see 
Figure 5.3).

5.3.2. Quality Parameters
Tubers produced with NPK had a much lower DM% than the ones 
from all other systems [p(system)= 0.006**; p(A+ vs. 
A,B,C) = 0.001***; p(A+ vs. B)= 0.007**; p (A+ vs. C) =
0.021*](Figure 5.2). Differences were also significant for 
the interactions between treatments and varieties [p(system 
x variety)= 0.046*; p (A+ vs. A,B,C x variety)= 0.008**; 
p(A+ vs. B x variety) = 0.013*; p (A+ vs. C x variety) =
0.016*], where the NPK treatment system induced a higher 
DM% in Cara than in Pentland Crown, contrary to all other 
systems. There were no DM% differences solely between the 
two varieties [p(variety)= 0.075NS].
The NPK treatment produced significantly more ware quality 
tubers than the Organic in terms of both FWt and DWt [p(A+ 
vs. B)= 0.018*; p (A+ vs. B)= 0.041*] (Figure 5.4). This 
reflected in the FWt contrast between the NPK system and 
the rest [p(A+NPK vs. A,B,C)= 0.043*], but not in terms of 
DWt [p(system)= 0.194; p(A+ vs. A,B,C)= 0.159]. There were 
no other significant ware FWt or DWt differences between 
the NPK, Nil control and BD treatments, either in the
simple comparisons between treatment means or considering 
their interactions with the varieties (FWt; p (A+ vs. C) =
0.245ns; p (A+ v s . C x  variety)= 0.491NS; DWt; p (A+ vs. C) =
0.500ns; p (A+ v s . C x  variety) = 0.272NS. Varieties did
differ in both FWt [p (variety) = 0.004**] and DWt
[p(variety)= 0.014*]. In terms of FWt of small "chat" 
tubers, the only significant difference found was between 
the two varieties [p(variety)= 0.001***], while there was a 
borderline difference [p(B vs. C)= 0.053BL] (Figure 5.5). 
This contrast has shown significant differences in terms of 
chat DWt [p(B vs. C)= 0.043*], with the BD producing a
lower amount of chats than the organic. The difference
between varieties was confirmed in terms of DWt 
[p(variety)= 0.001***].
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Plate 5.1. Supervised potato planting on the 6th April 1993.

Plate 5.2.
July 1993.

Stinging-nettle 2% preparation spraying 
View from the centre of the potato trial -

on the 12 th 
Plot 11.

Plate 5.3.
Note lower 
Plot 11.

Potatoes replanted in the very same plots in 1995. 
weed incidence. View from the centre of the trial -
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Plates

Plate

5 . 4  & 5 . 5 .  'Zeal' Potato Hydrometer in use and sample 
washing preparation for the DM% direct determination.
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Storage browning 'disease' scores 0-10 are equivalent to 0- 
100% (one score unit = 10%) of affected tuber cross-section 
area (data shown in Figure 5.6, Appendix 5; Genstat 
statistical output in Appendix 34). They were significantly 
higher in the nil Control as compared to the mean of 
Organic and BD treatment systems [p(A vs. B,C)= 0.032*]. 
The contrasts between the BD and the other systems also 
revealed either borderline or significant differences [p (A+ 
vs. C)= 0.052BL; p(A,A+,B vs. C)= 0.036*]. Pentland Crown 
suffered much higher browning than Cara [p(variety) < 
0 .0 0 1 ***] .
Pest damaged tubers were proportional to yields, so the nil 
Control presented both a much lower field damage incidence 
in relation to the other treatments and the opposite 
interaction with the varieties, as shown in Figure 5.7, in 
terms of DWt, FWt and percentage of damaged tubers. For the 
other three systems, Cara produced a higher amount of 
damaged tubers [p(variety)< 0.001***].
The most common cause of the field damage to potato tubers 
was found to be the attack of ground Lepidopteran larva, 
which were identified as "Cutworms" or Noctuidae 
caterpillars: Agrotis ipsilon or "Black Cutworm" and 
Agrotis munda or "Pink Cutworm" (Plates 5.8 & 5.9).

Plate 5.8. Agrotis ipsilon Plate 5.9. A g r o t i s  munda

The NOCTUIDAE include many pests of garden and crop plants 
and their caterpillars live in the soil near to the 
surface. They bite off young plants just above ground level 
at night, pulling them into their burrow or eat burrows 
into the potato tubers.

5.3.3. Soil N
Soil N sampling in the potato plots produced a similar 
picture to the one obtained from wheat plots. Figure 5.8 
shows that soil N03" levels were always significantly 
higher in the plots that received chemical fertilizer. The
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only significant difference in terms of soil NH4+ was a 
lower level for the NPK treatment in the second sampling 
(16/08/93, see Figure 5.9).

5.3.4. Visual Assessment
As described in Chapter 3, Section 3.8 and Chapter 4, 
Section 4.2.2, an additional assessment of weeds was 
performed through the visual estimation of the percentage 
of each weed species in 0.25 m2 quadrat samples, which was 
repeated for comparison in the 1995 potato trial. The weeds 
present in three plot samples were identified by species 
and visually quantified in terms of % of each weed species 
in relation to all weeds found in the samples, as follows:
Papaver rhoeas (corn poppy) - 22 %
Stellaria media (chickweed) - 17 %
Polygonum aviculare (knotgrass or knotweed) - 14 %
Sinapis arvensis (charlock) - 12 %
Rumex sp (dock) - 10 %
Poa annua (meadow grass) - 8 %
Chenopodium album (fat hen) - 7 %
Lamium purpureum (red dead nettle) - 4 %
Matricaria spp (mayweed) - 4 %
Cirsium arvense (creeping thistle) - 2 %
These species composition data was intended only for 
comparison with a similar weed evaluation in the final 1995 
potato trial, using the same plots.
The visual assessment scores indicated a significantly 
higher weed incidence in the NPK treated plots than in the 
Organic ones [p(A+ vs. B)= 0.036*]. No other differences 
were found either between treatment systems or half-plot 
varieties (data and statistical output in Appendix 34).
Vigour evaluation showed overall differences [p(system)= 
0.006**], favouring the NPK treated plants [p(A+ vs. 
A,B,C)< 0.001***; p (A+ vs. B)= 0.002**; p(A+ vs. C) =
0.011*]. Cara plants also looked bigger and more vigorous 
than Pentland Crown [p(variety)< 0.001***](Appendix 34).
In terms of form, NPK treated plants looked more upright 
than the rest [p(A+ vs. A,B,C)= 0.033*], while Cara also
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grew taller than Pentland Crown [p(variety)< 0.001***]. 
Interactions also offered significant differences in the 
contrasts of scores 1-9: p(system x variety)= 0.049*; p(B 
vs. C x variety) = 0.032*; p (A+ vs. C x variety)= 0.009**; 
p(A,A+,B vs. C x variety)= 0.010* (Appendix 34).
Ground cover scores were higher only for variety Cara 
[p(variety)< 0.001***], which also showed significantly 
less leaf infection by P. infestans [p(variety)< 0.001***].

5.4. Discussion
The histograms of the residuals were very close to normal 
distributions for most parameters with the exception for 
the weed visual assessment, the W03" and NH/ soil contents, 
which understandably produced skewed histograms due to the 
small number and nature of observations. Therefore most 
results are statistically reliable.
The higher fresh yields of the Cara variety under the NPK 
treatment in relation to the BD system were not significant 
in terms of dry weight, a result that is explained by the 
lower DM% of tubers produced with NPK. Pentland Crown 
produced a much lower DM% of tubers under the NPK 
treatment. This means lower starch and general nutritional 
quality (Wistinghausen, 1973; Storey & Davies, 1992; Schulz 
& Kopke, 1995a). The BD and Organic treatments only reduced 
DM% in variety Cara, which normally produces more watery, 
lower quality tubers than Pentland. This is a reason to use 
preferably high DM% varieties like Pentland Crown in 
quality assessment trials. It also highlights the 
importance for organic research, of using traditional or 
adapted cultivars and varieties of crops, which were 
originally selected for both quantitative and qualitative 
traits, instead of the one-sided commercial varieties bred 
exclusively for agrochemical input dependent high yields 
(Altieri, 1995; Koepf, 1993; Koepf et al., 1996).
Similarly to what was observed in the systems approach 
wheat plots (Chapter 4, Figures 4.9 & 4.10), the much 
higher nitrate levels in the NPK treated plots (Figure 5.9) 
were not proportionally reflected in the potato yields, 
posing a potential groundwater pollution threat (Koepf,
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1977) . The presence of significant amounts of soil ammonium 
was unexpectedly high, considering the high soil pH, which 
promotes its rapid oxidation to nitrates. The lower soil 
NHt* levels in A+ plots in the second sampling (Figure 
5.10) mean that the conversion of the chemical ammonium in 
the fertilizer to nitrate and its uptake by potato plants 
at the time was faster than the soil biological activity 
that produced NHA+ from the mineralization of organic 
sources in the other treatment's plots.
It is important to note the consistency between the results 
obtained here and in the systems approach wheat plots, 
regarding the significant yield increases caused by compost 
manuring, without any difference in the remaining soil 
soluble N in comparison to the control plots. Contrary to 
what was observed in the 1993 wheat trial, there was no 
yield response of the potatoes to the compost application. 
This could be due to the less efficient potato uptake of 
organically bound nutrient elements, in relation to 
cereals, which can benefit faster from organic manures due 
to their more effective soil-microbial associations, 
including mycorrhiza (Coleman, 1985; Ingham et al., 1986b; 
Mosse, 1986; Ryan et al., 1994; Dekkers, 1995; Mader et 
al., 1995). Potatoes on the other hand, and the Solanaceae 
in general, usually benefit from organic fertilizers with 
higher available nutrient element contents, like fresh 
manure and FYM compost (Koepf et al., 1976; Sattler & 
Wistinghausen, 1992), in contrast to the food and garden 
waste compost used in this trial, which furthermore still 
had a high proportion of lignified material and lower NPK 
contents than the composts produced in the subsequent years 
(Tables 3.8 and 3.9, Chapter 3). These results have led to 
further experimental observations of the response of 
potatoes to organic manures, using both fresher and richer 
FYM composts and a green manure mulch.
Less storage browning due to diseases and physiological 
senescence means better storability and tuber quality 
conservation in the Organic and especially the BD treatment 
in relation to both controls (Schulz & Kópke, 1995a&b). 
with an interaction LSD5% = 1.552 (Figure 5.6), the only
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individually significant treatment differences found were 
between the BD and the two controls (nil and NPK) . These 
results can be attributed to three complementary causes:
i. Biological suppression of diseases: the compost

applications could have effectively suppressed diseases 
not only in the field, but also extending the 
protection to stored tubers, through both reducing the 
inocullum potential of pathogens (Weltzien, 1990;
Hoitink et al., 1993 & 1995) and eliciting systemic
resistance (Küc, 1987; Cooke, 1996; Sticher et al., 
1997).

ii. Allelo-dynamic stimulation of keeping qualities and 
storability, through the regulating (Raupp and König, 
1996) and synergistic effects of both the BD compost 
preparations and field sprays (cowhorn-manure P500 and 
cowhorn-silica P501) balancing the nutrient metabolism 
and resistance in plant tissues (Samaras, 1977;
Steiner, 1974; Weyman-Kaczmarkowa et al., 1992).

iii. Through the better nutritional state of potato tuber 
cells, implicit in the former two proposed processes, 
as the nil fertilizer control offered the highest 
tissue browning scores (repeated in the two subsequent 
years of potato trials), which weight in the means was 
responsible for the significant differences found in 
the contrasts (Harris, 1992; Storey & Davies, 1992) .

It is interesting to note that Cara showed a significantly 
higher resistance to storage browning, with almost no 
response to the different treatments, although it was only 
under the BD that it suffered no browning whatsoever. The 
reasons why Cara was much less sensitive to the treatments 
are linked to both its horizontal resistance to diseases 
and its higher water contents, which override the treatment 
effects. Pentland Crown being both a higher quality (DM%) 
and a disease susceptible variety, offers clearer cut 
differences.
Furthermore, some traditional varieties may become disease 
susceptible due to a lack of beneficial biological 
interactions to which they are adapted, when submitted to 
purely agrochemical methods, which suppress the necessary
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adaptive metabolic elicitation processes (Altieri, 1995; 
Koepf, 1993; Koepf et al., 1996, Sticher et al., 1997). 
These processes are the most likely responsible factors for 
Pentland Crown's good performance in relation to late 
blight, as well as for its clearer-cut responses to the 
treatments.
The higher amount of "chats" in the Organic than in the BD 
treatment, point once more to a sort of regulatory effect 
of the BD treatments, which counteracts the tendency for 
continued new tuber formation (Ginger, 1988; Ginger & 
Aspinall, 1987; Ginger & Webber, 1990, Mackay & Morrice, 
1990) prompted by higher organic matter provided by the 
compost applications (see Tables 3.10 & 3.11 in Chapter 3) 
or other organic fertilizers, which are know to increase 
the moisture content of the soil (Waksman, 1936; Kononova, 
1966; Kiehl, 1978 & 1979).
No differences, other than between varieties, were detected 
in terms of field damage by Phytophthora infestans or other 
disease. The better storability of the Organic and BD 
samples can be attributed to the above-mentioned adaptive 
metabolic elicitation processes leading to biological and 
allelopathic disease suppression and senescence delaying 
mechanisms (Howard, 1940b; Hoitink et al., 1995).
To ascertain which treatments or preparations were 
responsible for differences observed and to which extent 
the effects were due to a synergistic interaction between 
different treatments, further split-plot experiments were 
designed for the following years' trials, focusing on 
individual BD spray treatments and comparing them to mimic 
sprays of equivalent nutrient element contents.
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Contrasts t P<A* re A . l . C ) .  0.026* p(h* re B). 0.027* p ( k* re C) ■ 0.124**

«••ns narked with th« eaae letters (a,b,c,d) 
do not differ elgnifioently et the 5% !•▼•!

Control(A ) ■?*(*♦) Organ i c (B ) Blodyntaio(C )
fly s tarns

Figure 5.1. Potato'93 - Yield means. Split plot RCB field trial with two 
varieties (Cara & Pentland Crown) and four systems: A = nil, A+ = NPK (670 
Kg/ha of 15-15-20), B & C = blind Organic & Biodynamic (60 T/ha of compost).

*** Standard errors of differences of means and LSDs 5%***
Table

rep.
system variety system.variety 

12 24 6
s.e.d. 2.479 1.136 2.954
l.s.d. 5.285 2.369 6.065
d.f. 15 20 26.71
when comparing 
s.e.d. = 2.272

means wi th the same level(s) 
l.s.d. = 4

of system (20 
.739

p(A+ re a , 1,0-0.001*** p(A+ re A,B,C)x Variety - 0.000**

p(Byetea x  Variety}- 0.046* p(Syetea)- 0.006** p(Variety)- O.OT 3m

Figure 5.2. Potato '93 - Dry matter contents (same experiment as Fig. 5.1)

*** Standard errors of differences of means and LSDs 5%***
Table 
rep. 
s.e.d. 
l.s.d. 
d.f.

system
12

0.401
0.856

15

variety
24

0.224
0.467

20

system.variety 
6

0.511 
1.043 
30.58

Except when comparing means with the same level(s) of system (20 d.f.) 
s.e.d. = 0.448 l.s.d. = 0.934
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Contrastsi p ( a ♦ a,a,c)-o.o»>" P( a)-o.032“

C o n t r o l  U )  H P K U  + ) O r o a n l c  (B) B i o d y n a m i c  (C)

Systems

Figure 5.3. Potato'93 - Dry Weight Yield means (same experiment as Fig. 5.1).

*** Standard errors of differences of means and LSDs 5%***
Table 
rep. 
s.e.d. 
1.s.d. 
d.f.

system
12

0.497
1.060

15

variety
24

0.292
0.609

20

system.variety 
6

0.646
1.317
31.55

Except when comparing means with 
s.e.d. = 0.584

the same level(s) of system 
l.s.d. = 1.218

(20 d.f.)

Contrasts t
Trash Vti p(A* vr A,1 , 0 -  0.043*« p (A» n  ■)- 0.010*« p(A* va C ) - 0.343**

Dry St « p (A ♦ vs A,B,C)- 0.138**» p(A4 va ■)- 0.041*» p(A* va C)- 0.30**

«
H

31.40

Control(A) NPK(A+) Organic(B ) Biodynaaic(C )

p (Variaty)« 
rat- 0.004** 
oat- 0.014*

□ Cara
□Pantland Crown

p(Oystaa)If,
for both rat a oat

Systems

Figure 5.4. Potato'93 Ware - Fresh and Dry Weights of Ware quality tubers 
contents (same experiment as Fig. 5.1).

*** Standard errors of differences of means and LSDs 5%***
Table system variety system

variety
rep. 12 24 6
FWt s.e.d. 2.230 1.300 2.891
FWt l.s.d. 4.754 2.713 5.893
d.f. 15 20 31.43
DWt s.e.d. 0.469 0.318 0.649
DWt l.s.d. 0.999 0.663 1.320
d.f. 15 20 33.82

Except when comparing means with the same level(s) of system (20 d.f.): 
FWt s.e.d.= 2.601 DWt s.e.d.= 0.636
FWt 1.s.d.= 5.425 DWt l.s.d.= 1.326
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Contrastas p(B va C)- 0.043»; p(A va B,C)- 0.659"; p(A* va A,B,C)- 0.774"

Control(A) NPK(A + ) Organic(B) Biodynamio(C)
System«

Figure 5.5. Potato'93 Chats - Mean dry yield of tubers smaller than 40 
mm of diameter (chats)(same experiment as Fig. 5.1).

*** Standard errors of differences of means and LSDs 5%***
Table system variety system.variety
rep. 12 24 6
s.e.d. 0.0385 0.0277 0.0549

Except when comparing means with the same level(s) of system 
s.e.d.= 0.0554

Contrastai p (l v ■ B,C)- 0.033*» p ( l * , A , B  va C ) - 0 . 0 3 6 *» p ( &♦ vs C ) - 0.032“

p(Yarlaty)< 0.001***

□ Cara
□Fantland Crown

Figure 5.6. Potato'93 Storage Tissue Browning scores after a six month 
storage period in blind split-plot field trial. Scores 0-10 are equivalent to 
0-100% (one score unit = 10%) of affected tuber cross-section area (same 
experiment as Fig. 5.1).

*** Standard errors of differences of means and LSDs 5%***
Table
rep.s.e.d.
l.s.d.

system
12

0.592
1.261

variety
24

0.339
0.706

system.variety 
6

0.761
1.552

Except when comparing means with 
s.e.d. = 0.677

the same level(s) of 
l.s.d. = 1.412

system
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Contrasts t rwp(A ▼» 8,C).▼mriaty- 0.018«; DWp(A 1,C).▼ariaty - 0.016*; %p(A vs lfC).varisty ■ 0.010'

Figure 5.7. Potato 1993 Pest Damage: Fresh & Dry weights and 
Percentage of damaged tubers in blind split-plot field trial comparing 
NPK, Organic and Biodynamic systems (same experiment as Fig. 5.1).

*** Standard errors and least significant differences of means ***

Table 

rep.

s.e.d.(FWt) 
l.s.d.(FWt)
s.e.d.(DWt) 
l.s.d.(DWt)

s.e.d.(%) 
l.s.d.(*)

Except when comparing

s.e.d.(FWt)= 1.407; 
l.s.d.(FWt)= 2.935;

system variety
12 24

1.122 0.704
2.392 1.467
0.2494 0.1557
0.5316 0.3248
3.108 1.929
6.625 4.023

means with the same

s.e.d.(DWt)= 0.3115 
l.s.d.(DWt)= 0.6497

system.variety 

6
1.500
3.053
0.3327
0.6772
4.135
8.418

ivel(s) of system:

s.e.d.(%)= 3.857 
l.s.d.(%)= 8.046
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Contrast* t
May 4 Juna'93: p ( A * va A,B,C)< 0.001***; Auguat'93i p(A+ va A,B,C)* 0.004*

Hovanbar'95: p(A+ va A,B,C)* 0.019*

OS3

□ Control (A)
□ NPK(A+)
□ Organic (B)
□ Biodynamic (C)

20/05/93 16/06/93 16/08/93 15/11/95
■.a.d.B 0.385 a.a.d.- 0.641 ■•a.d.a 0.0684 *.a.d.- 0.454

Soil Sampling dates
Figure 5.8. Soil Nitrate means in 24 plots under four soil treatments in 
medium term Potato Trial: three sampling dates during potato cultivation in 
1993, one after potato harvest in 1995, at the end of the whole experiment 
(same as Fig. 5.1).

20/05/93 16/06/93 16/08/93 15/11/95
a.a.d.- 0.0569 a.a.d.- 0.02140 a.a.d.- 0.0407

Soil Sampling Dates
a.a.d.- 0.01912

Figure 5.9. Soil Ammonium means in 24 plots under four soil treatments in 
medium term Potato Trial: three sampling dates during potato cultivation in 
1993, one after potato harvest in 1995, at the end of the whole experiment 
(same as Fig. 5.1).
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Chapter 6
Wheat Field Trial 1994 - Experiment 5

6.1. Introduction
This experiment was set up as a partially randomised block 
split-plot experiment using five sprays (A, A+, B&C compost 
extracts and nettle water; 10% w/v) versus the same four 
soil treatments replicated in four blocks, totalling 80 
plots. Although a RCB design would be preferable, the 
homogeneous nature of the area in the centre of Orchard 
Field, the need to avoid spray drift and to simplify
spraying procedures, and the large number of plots led to 
this experimental design (Plate 6.1).

6.2. Materials and Methods
In the second year (1994), while the Systems Approach plots 
were under green manure rotation, two additional field 
trials using wheat and potatoes were set in split-plots 
between different soil treatments to test the effects of 
five foliar sprays, as detailed in Chapter 3, sections
3.4.1 and 3.7.2.2:
• 10% water macerated solution of Urtica dioica;
• 10% suspensions of composts B and C (blind treated with

and without BD preps);
• a nutrient solution spray using Murashige & Skoog (1962) 

salts mimicking the concentration of the organic sprays, 
and

• a control using the same stirred water of the others.
Additionally to these sprays, only P500 was used in 'C' 
plots after the compost application, with the same above- 
mentioned mimic soil sprays applied to the other treatment 
plots. All spray treatments were diluted and applied after 
17:00 h to both this experiment (5) and the parallel potato 
field trial 1994 (experiment 6), according to favourable 
time indications of the experimental BD astronomic calendar 
(Thun et al., 1994).
Chemical analyses of plot soil (Section 3.4.1, Table 3.2), 
composts (Section 3.5.4, Tables 3.7, 3.8, 3.9 & 3.10) and
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sprays (Section 3.7.2, Tables 3.11 & 3.12), as well as the 
application doses of the treatments were provided in 
Chapter 3. For details on the nutrient element contents of 
nettle water refer to the data reported in Table 2.7 of 
Chapter 2, (Peterson and Jensen, 1985).
Table 6.1 shows the trial's diary of activities.

Table 6.1. Experiment 5 - Wheat 1994, diary of activities.
Date

07/03/94
17/03/94
18/03/94
25/03/94
26/03/94
29/03/94

09/05/94
23/05/94
16/06/94
28/06/94
23/07/94
28/07/94
02/08/94
27/08/94
29/08/94

__________________ Activity ____________
Plot demarcation 
Soil sampling

Soil tillage (disk plough + power harrow)
Compost application to wheat plots

P500 x Mimic soil sprays
Wheat drilling - Spring Equinox (full Moon 

descending in Scales)
1st half of Nitram (A+) application - GS2 stage 

1st spray treatments - two tiller stage 
2nd half of Nitram (A+) application - GS32 stage 

1st wheat & weed DGA sampling 
2nd spray treatments - initial milky-grain 

2nd wheat & weed DGA sampling 
3rd spray treatments - grain filling & drying 

3rd wheat & weed DGA sampling 
Harvest, 6 PM (Waning Moon ascending in Bull)

6.3. Results
Raw data are shown in Appendices 9 to 11. Results of the 
statistical analyses of each parameter follow.
Besides the general colour codes representing the main 
treatment systems in the figures, as described in Chapter 
4, section 4.3; the colour "violet" was chosen to represent 
the nettle water or Urtica dioica spray in Figures 6.11, 
6.12 and 6.15. It is useful to remember that the spray 
treatments were labelled as; Organic = compost Extract B, 
BD = compost Extract C, nettle water = Urtica.
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6.3.1. Destructive Growth Analysis
Plate 6.2 shows the wheat plots in the time between DGAs 1 
and 2. Results are illustrated in Figures 6.1 to 6.16, 
showing different interactions between sprays and soil 
treatments, with the respective levels of significance and 
the possibility of graphic comparison between the slopes of 
the different lines representing the treatments, either 
inside individual charts or between them.
No significant differences were found in the first stem and 
leaf DGA sampling PI. In P2, the nettle spray significantly 
increased [p(ExtrB,ExtrC vs. Urtica)= 0.017*; 
p (H20,Mimic,ExtrB,ExtrC vs. Urtica)= 0.015*] stem and leaf 
biomass (Urtica = 39.3g) in relation to the means of other 
treatments (Figure 6.11). In fact, the two significantly 
lower values (LSD5%= 8.15) were from the Mimic (29g) and 
organic extract B (28.6g), caused the contrast differences 
between Urtica and the means of the other sprays.
Sampling P3 offered similar results, but only in the 
interaction between the nettle spray and the manures 
(especially the BD compost), which are illustrated in 
Figure 6.9 {p[(ExtrB,ExtrC vs. Urtica) x manure]= 0.024*; 
p [ (H20,Mimic,ExtrB,ExtrC vs. Urtica) x manure]= 0.013*}.
Ear DGA sampling El offered no general significant 
differences between either sprays or manures (Figures 6.12 
& 6.14). In E2 the contrast between the soil nil control 
and either the Nitram or the BD treatments was significant 
[p(A vs. A+, C)< 0.05*] only in the interaction with the 
nettle spray (Figure 6.10). Also in E2, the straightforward 
contrast between nettle and the other 4 sprays (Figure 
6.12) was in the borderline of significance 
[p (H20,Mimic,ExtrB,ExtrC vs. Urtica)= 0.058BL].
E3 only presented a significant difference in the final ear 
DWt contrast (Figure 6.14) between either the BD &/or the 
Nitram soil treatments and the nil 'A' control [p (A vs. 
A+,C)< 0.05*].
The weed sampling W1 displayed an initial rampant growth of 
weeds (Figures 6.15 & 6.16) prompted first by the Nitram 
application and followed by composts' C and B [p(manure)=
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0.003**; p(A vs. B, C) = 0.015*; p (A+ vs. A,B,C)= 0.004**]. 
The nutrient solution Mimic spray also significantly 
benefited initial weed DWt [p(Mimic vs.
ExtrB,ExtrC, Urtica)= 0.009**; p(Mimic vs. ExtrB)= 0.047*; 
p(Mimic vs. ExtrC)= 0.023*]. The following two weed 
samplings (W2 & W3) did not present any significant
difference, as happened before in wheat 1993.
No significant differences were found in terms of wheat 
population stand in any of the DGA samplings.

6.3.2. Yields & Quality:
Manuring systems were the main factor influencing yields 
[p(manure)< 0.001***; Figure 6.17 and Table 6.2], with 
Nitram being responsible for the most significant [p(A+ vs. 
A,B,C)< 0.001***] mean increases, followed by compost
applications [p (A vs. B,C)< 0.001***] and the interactions 
between compost applications and sprays in relation to the 
nil fertilizer control [p(A vs. B,C x spray)= 0.057BL].

Table 6.2. Wheat'94 Yield (14% MC) - Statistical Data.
***** Tables of means *****

Grand mean 4127.
spray H20 Mimic ExtrB ExtrC Urtica4145 4252. 4297. 4231. 3711.

manure Nil Nitram CompB CompC
3574. 4653. 4089. 4193.

spray manure Nil Nitram CompB CompC
h2o 3622. 4658. 4099. 4199.Mimic 3549. 4789. 4265. 4405.ExtrB 3513. 4875. 4362. 4440.ExtrC 3731. 4898 . 4141. 4154.Urt 3452. 4047. 3577. 3767.

*** Standard errors of differences of means and LSD (5% level)***
Table spray manure spraymanurerep. 16 20 4s.e.d. 157.3 89.1 233.5
l.s.d. 342.7 179.4 471.2
d.f. 12 45 42.02Except when comparing means with the same level(s) of sprays.e.d.= 199.2; l.s.d.= 401.2; d.f.= 45

***** stratum standard errors and coefficients of variation *****
Stratum d.f. s.e. cv%reps 3 320.6 7.8reps.spray 12 222.5 5.4reps.spray. ♦Units* 45 281.7 6.8
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Plate 6.3 shows the wheat plots prepared for harvest after 
trimming-out the discarded border-rows. Yields (corrected 
to 14%MC) were reduced by the nettle spray and its 
interactions (p(ExtrB,ExtrC vs. Urtica x manure)= 0.055BL; 
p[ (h 20,Mimic,ExtrB,ExtrC vs. Urtica) x manure]= 0.052BL}, 
resulting in significant differences overall [p(spray)=
0.017*] and for some contrasts of interest 
[p(H20,Mimic, ExtrB,ExtrC vs. Urtica) = 0.001***;
p(ExtrB,ExtrC vs. Urtica) = 0.002**; Figure 6.17].
TGW (14%MC) was also negatively affected by the nettle 
spray (Table 6.3 and Figure 6.18). A significant TGW 
reduction was caused by nettle water in contrast with the 
other sprays [p(spray) = 0.008**; p (ExtrB,ExtrC vs.
Urtica)< 0.001***; ’ p (H20,Mimic,ExtrB,ExtrC vs. Urtica) =
0.001***]. The Organic compost extract B induced the 
highest TGW values, the only which were significantly 
higher than the water control [p(H20 vs. ExtrB)= 0.053BL].

Table 6.3. Wheat' 94 Thousand Grain Weight - Statistical Data
***** Tables of means *****

Grand mean 36.251
spray H20 Mimic 

36.052 36.597
ExtrB
36.911

ExtrC
36.526

Urt
35.172

manure Nil Nitram CompB CompC 
35.875 36.428 36.333 36.369

spray manure Nil Nitram CompB CompC
h2o 35.358 36.387 36.250 36.212

Mimic 36.492 36.775 36.555 36.565
ExtrB 36.400 37.175 36.925 37.145
ExtrC 36.270 36.860 36.475 36.497
Urt 34.857 34.942 35.462 35.425

"*** standard errors of differences of means and LSD (5% level)***
spray manure 4
0.5634 
1.1413 37.35

Table spray manure

rep. 16 20
s.e.d. 0.4009 0.2045
l.s.d. 0.8734 0.4118
d.f. 12 45

L A t c p w  ------  ------- ----  ---- - . . .s.e.d. = 0.4572; l.s.d. = 0.9208; d.f. = 45 
***** stratum standard errors and coefficients of variation *****

Stratum
reps
reps.spray

d.f. s.e. cv%
3 0.3102 0.9
12 0.5669 1.6

♦Units* 45 0.6466 1.8
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Both Nitram and compost applications significantly 
increased TGW in relation to the control (LSD = 0.4118 for 
manure means), as shown in the contrast between the nil 
fertilizer control and the Organic and BD composts 
[p(manure)= 0.037*/ p (A vs. B,C) = 0.010**]. There were no 
significant differences in terms of TGW between Nitram and 
compost applications (Table 6.3 and Figure 6.18).
The nettle spray also influenced HFN, inducing the lowest 
mean value (HFN = 259.87; p(ExtrB,ExtrC vs. Urtica)= 
0.027*). The mimic spray HFN mean was significantly lower 
than that of organic extract B [p(Mimic vs. ExtrB)= 0.044*] 
and had significantly different interactions with the 
manure treatments {p[(Mimic vs. ExtrB, ExtrC, Urtica) x 
manure]= 0.042*}. The interaction between mimic spray and 
BD compost reached the closest score (251.8) to the ideal 
HFN value (Table 6.4 and Figure 6.19). Histogram 6.1 shows 
the "close to normal" distribution of the residual values 
from the statistical analysis.

Table 6.4. Wheat'94 Hagberg Falling Number - Statistical Data.★ * * ★ ★ Tables of means *****
Grand mean 265.81

spray H20 Mimic ExtrB ExtrC Urt264.69 261.37 273.37 269.75 259.87
manure Nil Nitram CompB CompC2 67.55 263.95 266.65 265 .10

spray manure Nil Nitram CompB CompC
h2o 270.50 264.25 260.25 263.75Mimic 264.50 262.50 266.75 251.75ExtrB 273.25 270.00 273.00 277.25ExtrC 264.75 268.50 273.25 272.50Urt 264.75 254.50 260.00 260.25

*** Standard errors of differences of means and LSD (5% level)***
Table spray manure spraymanurerep. 16 20 4s.e.d. 5.344 2.540 7.2631.s.d. 11.643 5.115 14.754d.f. 12 45 34.37Except when comparing means with the same level(s) of sprays.e.d. = 5.679; 1.s.d. « 11.439; d.f. = 45

***** stratum standard errors and coefficients of variation *****
Stratum d.f. s. e. cv%reps 3 3.120 1.2reps.spray 12 7.557 2.8reps.spray. ♦Units* 45 8.032 3.0
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-  -12 2 * *

-12 -  -8 6  * * * * * *

-8 - -4 11 ***********
-4 - 0 22 **********************
0 - 4 20 ********************
4 - 8 10 **********
8 - 12 ? *******
12 - 16 2 **
16 - 0

Histogram 6.1. Distribution of the residuals from the 
statistical analysis of HFN data in wheat'94. Scale: 1 asterisk represents 1 unit.
Two moisture content variables were analysed: at harvest 
(Hmc%) and grain storage (Gmc%) after forced aeration cold 
drying (Figure 6.20), to compare the treatment effects on 
the intrinsic grain moisture retention capacity, which was 
a most important factor for TGW and HFN tests.
For the Hmc% there was an overall difference between the 
spray treatment means [p(spray)= 0.007**], which is
especially due to the higher general MC% of the nettle 
spray treatment samples p (H20,Mimic,ExtrB,ExtrC vs. 
Urtica)= 0.002**/ p(ExtrB,ExtrC vs. Urtica)< 0.001***]. The 
mimic nutrient solution spray also promoted a higher Hmc% 
as compared to the Organic treatment [p(Mimic vs. ExtrB)= 
0.024*]. Manuring systems also showed significant Hmc% 
differences overall [p(manure)< 0.001***]. Both the mean of 
the compost treatments caused a significant Hmc% increase 
as compared to the control [p(A vs. B,C)= 0.007**] and the 
Nitram fertilizer increased it in relation to all other 
soil treatments [p(A+ vs. A,B,C)< 0.001***].
The Gmc% was also affected by the nettle spray, which 
significantly increased it in relation to the other 
treatments [p(H20, Mimic, ExtrB,ExtrC vs. Urtica)= 0.049*; 
p(ExtrB,ExtrC vs. Urtica)= 0.026*].

6.4. Discussion
Because of the complexity of the multiple interactions 
between the five sprays and four fertilizers (manures), it 
is useful to mention at the start of this discussion, the 
overall main effects that could be detected in this 
experiment:
a) The stimulating effect of the nettle (Urtica dioica) spray 

on general vegetative growth and higher tissue moisture 
contents.
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b) The inhibiting effect of the nettle (Urtica dioica) spray 
on grain yield and general quality (TGW & HFN).

c) The contrasting effects of the Biodynamic compost 'C' 
fertilizer in the interactions with the field sprays.

d) The biomass (of both wheat and weeds) and yield increases 
obtained with the agrochemical positive controls - the 
ammonium nitrate fertilizer and the mimic nutrient 
solution spray.

As mentioned in Chapter 4 in relation to wheat trial 1993, 
it is important to refer to the climatic conditions during 
the summer of 1994, which was significantly drier and 
hotter than 1993's for a good interpretation of these 
results. These meteorological data are shown in Appendices 
42 and 43. Thus, with considerably more light and warmth 
than average for an English summer, the complete absence of 
any silicon based BD spray (e.g.; P501, Horsetail tea) was 
not considered detrimental for a biodynamic farmer, 
although the crop would not be able to reach top quality 
levels (Mr. Alan G. Brockman, personal communication 1993 & 
1994; Brockman, 1998).
In relation to both stem & leaf and ear DGAs, it is 
interesting to compare the graphic contrast of the 
different interactions of the BD compost with the water 
control and nettle sprays, shown in Figures 6.1 and 6.9. 
The normal DWt increase that can be seen in all charts 
(Figures 6.1 to 6.14) between samples P2 and P3 was 
completely altered only in the interaction between the BD 
compost and nettle spray {p[(B vs. C) x Urtica spray]< 
0.05*}, in which the blue BD line was 'flattened', even 
showing a slight DWt decrease between PI and P2 (Figure 
6.9). This can be attributed to the regulating or 
normalising effect of the BD preps (Sattler & 
Wistinghausen, 1992; Raupp & Kdnig, 1996) on biomass 
yields. The biomass DWt decreases observed only in the BD 
compost interaction with the nettle spray can be explained 
as the result of excessively one-sided "earthly and watery 
forces", i.e., excessive dynamic stimulation for the plant 
to uptake water and nutrients, "too much of a good thing", 
so to say, which led to lower DWts. On the other hand,
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further support for this interpretation is given by the 
clearly contrasting slope of the BD compost line (Figure 
6.10) in relation to the others and the fact that the 
organic compost did not interact with the nettle spray to 
the point of offering a significant ear DWt difference from 
the control, like the Nitram and BD treatments. This is 
consistent with the stem & leaf biomass development (Figure 
6.9).
A similar picture was shown by the contrasting response of 
the nil control to the nettle spray (Figure 6.9 & 6.10) . 
Both biomass and ear DWt markedly decreased in P2 and E2, 
to recover to non-significantly different levels from the 
other soil treatments (except the BD in P3) in the third 
sampling (P3 and E3). This can be explained a compensatory 
allelopathic effect, probably due to the patulin (an 
allelochemical, which will be dealt with in more detail 
later in this discussion) contained in the nettle spray 
that predominantly affects younger plants, which recovered 
growth afterwards, regaining DWts (Rice, 1986 ; Sattler & 
Wistinghausen, 1992).
In the comparison between manures (Figures 6.13 & 6.14), 
although there were significant differences for E3 only 
between the nil control and either the BD compost &/or the 
Nitram applications (Figure 6.14), which indicate that the 
organic untreated compost was lacking the capacity to make 
it nutrient elements, especially N, as effective for the 
plants as the soluble fertilizer, like it was achieved by 
the BD compost. This further justifies the consideration of 
dynamic regulatory effects as responsible for the 
differences between organic and BD treatments.
It is worth noting that the Nitram, the BD compost and the 
mimic nutrient solution spray significantly benefited 
initial weed growth (weed sampling Wl) also in this trial, 
as it was observed in wheat 1993 (experiment 1), for weeds 
take advantage of readily available soluble nutrients. This 
also indicates that the BD compost contained a stimulatory 
factor that was absent from the organic compost, although 
the latter also increased weed biomass in relation to the 
control. The rampant initial weed growth was controlled in
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later stages by the effective competition posed by the 
growing wheat plants, which is evidence of good population 
stands.
The lower yield results of the nettle spray can be 
explained by the higher vegetative growth and grain 
moisture content promoted by this treatment. More 
vegetative growth generally can delay seed formation 
(Terman, 1979; Kent & Evers, 1994; Salisbury & Ross, 1992) 
and the correction of the MC to 14% revealed the lower 
yields. This was reflected in the TGW and the HFN as well, 
for the higher grain MC% promotes alpha-amylase activity, 
lowering the HFN mean values (Perten, 1964; Perten, 1967; 
Svensson, 1981; Grain Quality Guide, 1986).
So, although a 10% nettle water spray contains nutrient 
.elements that can effectively promote plant growth, its 
unilateral application (without P501 and Horsetail tea) can 
promote excessive vegetative vigour to the detriment of 
cereal yield and quality. Furthermore, the fungus 
Pénicillium urticae, which lives in nettle fibre and is 
present in decomposing cereal straw, is a known producer of 
patulin, a potent marasmine and antibiotic, which can 
significantly reduce the growth of several monocots and 
microbes (Rice, 1984). Hormesis is very likely to be 
involved in these phenomena and it would be interesting to 
screen the patulin content of nettle water and its possible 
allelopathic effects in both the usual BD dilutions and in 
different concentrations: lower, safer and more economic or 
higher, like the one tested in this experiment.
Thus, the effects of the concentrated nettle spray seem to 
be only partially due to its nutrient-element contents, for 
which we must refer to the analytical data reported in 
Table 2.7 of Chapter 2 (Peterson and Jensén, 1985).
Similarly to what was observed in wheat trial 1993 
(Experiment 1), the closest HFN value to the ideal 250 
score (Figure 6.19), was obtained with the BD compost (HFN 
= 251.8), this time in its significant interaction (p = 
0.042*) with the mimic nutrient solution spray. On the 
other hand, the second best HFN score was obtained by the
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interaction between nettle spray and the ammonium nitrate 
fertilizer (254.5).
These results are consistent to each other, for while both 
N fertilizer applications and the nettle water spray are 
known to counteract water shortages (which happened in 
1994, as shown in Appendices 42 & 43) for crops, the BD 
compost preparations often play a regulating or 
"normalising" role, depending on yield levels (Spiess, 
1978; Raupp & Konig, 1996) .
So, with the mimic spray providing a supplementary wide 
range of available nutrient-elements, the BD compost 
promoted their well-balanced absorption and metabolism. On 
the other hand, the rather complete composition of the 
nettle water also complemented the ammonium nitrate growth 
promoting effects, by a sort of dual allelopathic and 
nutritional regulation. This is especially relevant 
considering that whereas the Orchard Field's soil is 
fertile, its high pH can cause trace element deficiencies 
(e.g.; Fe, Zn, Cu & Mo). As nettle water is rich in these 
elements and probably contains the necessary chelating or 
transporting ligands, like the siderophores in the case of 
iron, it can successfully supplement the N provision with 
the essential microelements for a well-balanced development 
and protein synthesis (Salisbury & Ross, 1992) .
The higher moisture contents at both harvest and in the 
stored grain induced by nettle water, mimic spray and 
ammonium nitrate treatments indicate that their treated 
plants were absorbing more of the soil solution than the 
rest and/or had a lower evapo-transpiration rate (Salisbury 
& Ross, 1992).
The significant Hmc% increase from both the mean of the 
compost treatments and especially the Nitram, as compared 
to the control is easily explained, on one hand by the 
higher soil field capacity promoted by the compost organic 
matter, and on the other because nitrogen, especially from 
soluble fertilizers, is known to delay maturation by 
extending the plants' active vegetation period (Terman, 
1979; Salisbury & Ross, 1992). The significant increase of 
Gmc% by the nettle spray in relation to the other
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treatments indicates that the changes in moiture contents 
were not limited to the mere water uptake by vegetating 
plants, but was effectively incorporated into the endosperm 
cells and starch in a way that even artificial drying could 
not significantly change (Terman, 1979; Salisbury & Ross, 
1992) So, these are reasonable explanations for the 
phenomena observed.
Last but not least, it is interesting to compare the lower 
average grain moisture contents of wheat'94 (Appendices 2 
and 10, Figure 6.20) compared to- wheat'93, due to the 
sunnier and drier weather conditions (Appendices 42 & 43) 
despite the lack of the silica sprays and the three nettle 
water applications in the 1994 trial.
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Plate 6.1. Southeast facing view of wheat trial 1994 (Experiment 
5) , with 'The Crown' and the North Downs in the background, 
showing field plots randomly treated with compost: plots 9(A), 
10(C), 11(A+) and 12(B) in the central foreground.

plate 6.2. Same view of Experiment 5 on the 11/07/94 after DGA 
1, showing darker green plants in plots 10(C) and 11(A+) in 
relation to the control 9(A, on the LHS).
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P3 Contrasts: p[(B va C) .Spray] = 0.058*L| p(Nil vs C or X+) ,H,0 spray < 0.05*

00 o o Obs.: Compare with Figure 6.9 ^
!

70.0 P3 LSD5,.= 19.39

H20/Control(A) 
H20/Nitram(A<-) 
H20/0rganic(B) 
H20/Biodynamic(C)

0.0
28/06 (PI)

-----------1----------------------
28/07 (P2)

----------- 1
27/08 (P3)

Pi s.e.d.a 16.0 P2 s.e.d.= 8.69 P3 s.e.d.a 9.63

Sampling Dates
Figure 6.1. Spring Wheat'94 DGAs - Plant stems and leaves (Pl-3) dry weights 
under H20 Control Spray in 3 sampling dates. Blind split-plot RCB Field Trial 
with 4 blocks, 5 sprays (H20, Mimic, blind Organic & Biodynamic 10% compost 
extracts, Urtica dioica 10% extract) and 4 soil treatments (Nil, Nitram, Organic 
and Biodynamic Composts). Samples of 0.0625 m2.

Sampling Dates

Figure 6.2. Spring Wheat'94 DGAs - Ear (El-3) dry weights under H20 Control Spray
in 3 sampling dates. Blind split-plot RCB Field Trial with 4 blocks, 5 sprays and
4 soil treatments (same as Fig.6.1). Samples of 0.0625 m2.
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70.0

60.0

P3 LSDs%- 19.39

- Mimic/Control (JL) 
Mimi o / Ni t ram ( JL+ ) 
Mimic/Organic(B) 
-Mimic/Biodynamic (C)

0.0
28/06 (PI)

-----------1--------------------
28/07 (P2)

----------- 1
27/08 (P3)

PI s.e.d.= 14.0 P2 s.e.d.s 8.49 P3 s.e.d.- 9.63

Sampling Dates

Figure 6.3. Spring Wheat'94 DGAs - Plant stems and leaves (Pl-3) dry weights 
under complete nutrient solution Mimic Spray. Blind split-plot RCB Field Trial 
with 4 blocks, 5 sprays and 4 soil treatments (same as Fig.6.1). Samples of 
0.0625 m2.

80.0 -,

70.0

60.0

50.0

40.0

30.0

20.0

10.0

NS differences for all Contrasts

Sampling Dates
Figure 6.4. Spring Wheat'94 DGAs - Ear (El-3) dry weights under complete nutrient
solution Mimic Spray. Blind split-plot RCB Field Trial with 4 blocks, 5 sprays
and 4 soil treatments (same as Fig.6.1). Samples of 0.0625 m2.
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80.0

70.0

P3: p [(A vs C).spray B]< 0.05*

P3 LSDsv* 19.39

-SprayB/Control(A) 
SprayB/Nltram(A+) 
SprayB/Organic(B)
-SprayB/Blodynamic(C)

0.0
28/06 (PI)

----------- 1-------------------
28/07 (P2)

----------- 1
27/08 (P3)

PI a.e.d.a 14.0 P2 a.e.d.a 8.49 P3 a.e.d.a 9.63

Sampling Oates
Figure 6.5. Spring Wheat’94 DGAs - Plant stems and leaves (Pl-3) dry weights 
under Organic Compost 10% Extract Spray. Blind split-plot RCB Field Trial with 4 
blocks, 5 sprays and 4 soil treatments (same as Fig.6.1). Samples of 0.0625 m2.

70.0

10.0

B3 LSt>5%= 18.82

■e— SprayB/Control (A) 
a— SprayB/Nltram(A+)
■ir- SprayB/Organic (B)
■*-SprayB/Biodynamic(C )

0 . 0  - 
28/06 (HI)

----------- 1------------------
28/07 (B2)

----------- 1

27/08 (B3)
B1 a.e.d.a 4.25 B2 a . e.d.a 8.62 B3 a.a.d.a 9.35

Sampling Dates
Figure 6.6. Spring Wheat'94 DGAs - Ear (El-3) dry weights under Organic Compost
10% Extract Spray in 3 sampling dates. Blind split-plot RCB Field Trial with 4
blocks, 5 sprays and 4 soil treatments (same as Fig.6.1). Samples of 0.0625 m
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Sampling Dates
Figure 6.7. Spring Wheat'94 D G A s  - Plant stems and leaves (Pl-3) dry weights 
under Biodynamic Compost 10% Extract Spray. Blind split-plot RCB Field Trial with 
4 blocks, 5 sprays and 4 soil treatments (same as Fig.6.1). Samples of 0.0625 m2.

80.0

70.0

NS differences for all Contrasts

1 0 . 0

-SprayC/Cantrol(A) 
SprayC/Nltram(l+) 
SprayC/Organic(B) 
SprayC/Biodynamic(C)

0.0
28/06 (ID

----------- 1------------------
28/07 (12)

----------- 1
27/08 (13)

El s.e.d.= 4.25 12 s.e.d.s 8.62 E3 s.e.d.s 9.35

Sampling Dates
Figure 6.8. Spring Wheat'94 DGAs - Ear (El-3) dry weights under Biodynamic
Compost 10% Extract Spray. Blind split-plot RCB Field Trial with 4 blocks, 5
sprays and 4 soil treatments (same as Fig.6.1). Samples of 0.0625 m2.
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P3 Interaction Contrasts: p[(nrtica v m  The Rest).Manure]s 0.013*j 
p[(Extracts B,C v m  Ortica)-Manure]» 0.024*

28/06 (PI)
PI s.e.d.= 14.0

28/07 (P2)
P2 s.e.d.= 8.49

27/08 (P3)
P3 s.e .d.= 9.63

Sampling Dates
Figure 6.9. Spring Wheat'94 DGAs - Plant stems and leaves (Pl-3) dry weights 
under Urtica dioica 10% Extract Spray. Blind split-plot RCB Field Trial with 4 
blocks, 5 sprays and 4 soil treatments (same as Fig.6.1). Samples of 0.0625 m2.

10.0 -

0.0 - 
28/06 (HI)

----------- 1--------------
28/07 (E2)

---------1
27/08 (S3)

SI e.e.d.a 4.25 S2 a.e.d.a 8.62 S3 s.e.d.B 9.35

Sampling Dates
Figure 6.10. Spring Wheat'94 DGAs - Ear (El-3) dry weights under Urtica dioica
10% Extract Spray. Blind split-plot RCB Field Trial with 4 blocks, 5 sprays and
4 soil treatments (same as Fig.6.1). Samples of 0.0625 m2.

256



Fl s.e.d.= 8.61 P2 a.e.d.= 3.74

P3 LSr>5%= 12.05

Sprays■

-Water
Mimic
-KxtractB
-Extracte
-Urtica

P3 a.e.d.s 5.53
Sampling Datas

Figure 6.11. Spring Wheat'94 Plant DGAs - Comparison between Sprays. Stems and 
leaves (Pl-3) dry weight means. Blind split-plot RCB Field Trial with 4 blocks, 5 
sprays and 4 soil treatments (same as Fig.6.1). Samples of 0.0625 m2.

Contrast: B2 p (Urtica vs The Reat)= 0.058*L

Sampling Dates
Figure 6.12. Spring Wheat'94 Ear DGAs - Comparison between Sprays. Ear (El-3) dry
weight means. Blind split-plot RCB Field Trial with 4 blocks, 5 sprays and 4
soil treatments (same as Fig.6.1). Samples of 0.0625 m2.
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70.0 n

P3 LSD = 8.67

Manures I

-Control (A) 
Nitram(A+)
-Organic(B) 
Blodynamlc{C )

0 . 0   ̂
28/06 (PI)

------------------- 1--------------------------------
28/07 (P2)

------------------ 1
27/08 (P3)

PI s.s.d.z 6.26 P2 s.o.d.= 3.80 P3 s.a.d.« 4.31

Sampling Dates

Figure 6.13. Spring Wheat'94 Plant DGAs - Comparison between Manures. Stems and 
leaves (Pl-3) dry weight means. Blind split-plot RCB Field Trial with 4 blocks, 
5 sprays and 4 soil treatments (same as Fig.6.1). Samples of 0.0625 m2.

Contrasts: K2 p(Nltram vs A,B,C)= 0.06" K3 p(A vm A+,C)< 0.03*

Sampling Dates
Figure 6.14. Spring Wheat'94 Ear DGAs - Comparison between Manures. Ear (El-3)
dry weight means. Blind split-plot RCB Field Trial with 4 blocks, 5 sprays and 4
soil treatments (same as Fig.6.1). Samples of 0.0625 m2.
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18.00
17.92

Wl l.e.d.s 2.798 W2 s.e.d.= 2.760 W3 a.e.d.M 3.334
Sampling Dates

Figure 6.15. Spring Wheat'94 Weed DGAs' Comparison between Sprays - Weed Biomass 
(Wl-3) dry weight means. Blind split-plot RCB Field Trial with 4 blocks, 5 
sprays and 4 soil treatments (same as Fig.6.1). Samples of 0.0625 m2.

Contrastai
Wl p(Kanura) - 0.003**» p(A -rm B,C) - 0.015*» p(A* va A,B, C)- 0.008*

Kanur«ai

11.19 Control (A)
10.05 •- Hi tram ( A+ )

-A- Organic (B)
7.60 Biodynamic (C)

6.01
5.73

Wl LSDst- 5.172 W2 LSD5X- 4.10 W3 LSD5\- 4.501
0 . 0 0  - 

28/06 («1)
Wl a.e.d.- 2.568

28/07 (W2)
W2 a.e.d.- 2.035 
Sampling Dates

H
37/08 (W3)

W3 a.a.d.- 2.235

Figure 6.16. Spring Wheat'94 Weed DGAs' Comparison between Manures - Weed Biomass
(Wl-3) dry weight means. Blind split-plot RCB Field Trial with 4 blocks, 5
sprays and 4 soil treatments (same as Fig.6.1). Samples of 0.0625 m2.
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Contrasts: p(Spray) - 0.017* p(Manure) < 0.001***

Sprays : p(Kztre B,C v» U r t i c a ) - 0.002**; p ( U r t i c a  ve The Rest) - 0.001***

Manures: p (A x a  B,C ) < 0.001***; p (At x a  A,B, C) < 0.001***

Matar Mimic ExtractB Extracte Ortica

Manures 
e.e.d.- 89.1
L8D- 179.4

Sprayi
l.«.d.- 157.3 
LSD- 342.7

M&nureai

□Control (A)
□ Mitran (A+)
□ Organic (B)
□ Biodynaaic (C)

Interactions 
e.e.d.- 233.5
LSD- 471.2

Maans inside 
each Sprayt 
s.e.d.- 199.2 
LSD- 401.2

Sprays
Figure 6.17. Spring Wheat'94 Yield means (14% grain moisture content) in blind 
split-plot RCB Field Trial with 4 blocks, 5 sprays and 4 soil treatments (same as 
Fig.6.1).

Contrasta: p(Spray) - 0.008** p (Matar x a  Katr. B) - 0.053*1,

p(Bztra B,C n  U r t i c a ) < 0.001***; p(Urtica r a  Th. Bast) - 0.001***

p(Manure) - 0.037* p(A ve B,C) - 0.010**

37.17 37.143Í.93

35.4635.42

lunur. u u u  i 
B.a.d.- 0.2045
LSD- 0.4118

Spray naans: 
a...d.- 0.4009

LSD- 0.8734

Manures:
□ Control (A)
□ Nitraa (At)
□ Organic (B)
□ Biodynamic (C)

Int.ractions : 
S.a.d.- 0.5634

LSD- 1.1413

Naans InaId. aach
Spray:

a...d.- 0.4572
LSD- 0.9208

Water Mimic KxtractB Extracte Urtica

Sprays
Figure 6.18. Spring Wheat'94 Thousand Grain Weight means (14% grain moisture
content)in blind split-plot RCB Field Trial with 4 blocks, 5 sprays and 4 soil
treatments (same as Fig.6.1).
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Contrastai
Sprays - p(Extracts B,C vs Urtica) = 0.027*; p(Mimic va Extr. B) = 0.044*; 

Interactions - p[(Mimic vs Extrs.B,C,Urt.).Manure] = 0.042*

Spray maan*: Intaractiona:
s.e.d.- 5.34« e.e.d.a 7.263
LSD- 11.643 LSD- 14.754

m

Haans InaIda
aach Sprayi

s.a.d.- 5.679
LSD- 11.439

ETN Scorasi 200 - 
300

Ideal a 250

Manures:
□Control (A)
□ Nitram (A*)
□ Organic <B)
□ Biodynamic (C)

Sprays

Figure 6.19. Spring Wheat'94 - Hagberg Falling Number means (15% grain moisture 
content corrections)in blind split-plot RCB Field Trial with 4 blocks, 5 sprays and 
4 soil treatments (same as Fig.6.1).

Contrasts: Harvaat: p(Spray)» 0.007**; p(Extract* B,C vs Urtica)< 0.001***; p{Mimic va Zxtr. B)■ 0.034*; 
p(Urtica va Tha rast)« 0.002**; p(Masura)< 0.001***; p(A vs B,C)« 0.007**; p(A+ va A,B,C)< 0.001***

Stora: p(Extract* B,C va Urtic*)< 0.026*; p(Urtlc* va Tha Raat)« 0.049*

Mimic MxtractB SxtractC Urtica
Sprays

□ Control (A)
□ Nitram ( A+)
□ Organic (B)
□ Biodynamic (C)

Figure 6.20. Spring Wheat'94 - Grain Moisture Content means at both harvest and 
after standard cold drying and storage in blind split-plot RCB Field Trial with 4 
blocks, 5 sprays and 4 soil treatments (same as Fig.6.1).
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Chapter 7
Potato Field Trial 1994 - Experiment 6

7.1. Introduction
This experiment was set up as a partially Randomised Block 
split-plot experiment using five sprays (A, A+, B&C compost 
extracts and Nettle Water; 10% w/v) versus the two soil 
treatments (with and without compost) replicated in six 
blocks, totalling 60 plots. It was a parallel experiment to 
the wheat trial'94 (experiment 5) and although a RCB design 
would have been preferable, the homogeneous nature of the 
area in the centre of Orchard Field, the need to avoid 
spray drift and to simplify spraying procedures, and the 
large number of plots led to this experimental design.

7.2. Materials and Methods
In the second year (1994), while the Systems Approach plots 
were under the green manure stage of their crop rotation, 
an additional potato field trial was set up in split-plots 
between two different soil treatments to test the effects 
of five foliar sprays (Plates 7.1 & 7.2), as described in 
Chapter 3, sections 3.4.1 and 3.7.2.2:
• 10% water macerated solution of Urtica dioica;
• 10% suspensions of composts B and C (blind treated with 

and without BD preps);
• a nutrient solution spray using Murashige & Skoog (1962) 

salts mimicking the concentration of the organic sprays, 
and

• a control using the same stirred water of the others.
In addition to these sprays, only P500 was used in 'C' 
plots after the compost application, with the same above- 
mentioned mimic soil sprays applied to their other 
respective plots. All spray treatments were diluted and 
applied after 17:00 h to both this experiment 6 and the 
parallel wheat field trial 1994 (experiment 5), according 
to favourable time indications of the experimental BD 
astronomical calendar (Thun et al., 1994).
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Chemical analyses of plot soil (Section 3.4.1, Table 3.2), 
composts (Section 3.5.4, Tables 3.7, 3.8, 3.9 & 3.10) and 
sprays (Section 3.7.2, Tables 3.11 & 3.12), as well as the 
application doses of the treatments were provided in 
Chapter 3. For details on the nutrient element contents of 
nettle water refer to the data reported in Table 2.7 of 
Chapter 2 (Peterson and Jensen, 1985).
The mixed compost soil treatment consisted of a 50% mix of 
the BD and Organic control composts, also intended to 
reduce the number of plots to a manageable size, providing 
the essential inferences about the effects of a quality FYM 
compost on potatoes, which could not be obtained from the 
former systems approach trial (Experiment 5).
Table 7.1 shows the trial's diary of activities.

Table 7.1. Experiment 6 - Potato 1994, diary of activities.
Date

08/03/94
17/03/94
31/03/94
19/04/94
20/04/94

20/04/94

23/05/94
23/05/94
08/07/94
23/07/94
02/08/94

05/10/94

__________________ Activity__________________
Plot demarcation 
Soil sampling

Soil tillage (disk plough + power harrow)
Compost application & plot ridging

Potato planting (9-11 AM) & NPK applied to 
'A+' plots (Waxing Moon descending in Crab)

P500 x Mimic soil sprays (17 h)
(Waxing Moon descending in Lion)

Cultivation by 'earthing-up' potato ridges
1st spray treatments - stem branching stage

Potato and Weed Visual Assessment
2nd spray treatments - initial flowering stage
3rd spray treatments (17:30 h) - initial tuber

formation
Harvest (New Moon descending in Virgin)

Only variety Pentland Crown was used in this trial for its 
better tuber DM% and general quality, and also to increase 
the probabilities to obtain possible differences due to 
Phytophthora infestans, which did not cause any losses in 
the previous season's trial.
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7.3. Results
Besides the general colour codes representing the main 
treatment systems in the Figures, as described in Chapter 
4, section 4.3; two additional shades of green are used in 
this chapter: "olive green" represents the no-manure 
control and "dark green" represents the mixed compost 
treatment in Figures 7.1 to 7.6.
Raw data are shown in Appendices 12 to 14. Results of the 
statistical analyses of each parameter follow. It is useful 
to remember that the spray treatments were labelled as: 
Organic = compost Extract B, BD = compost Extract C, nettle 
water = Urtica.

7.3.1. Yield and Quality
Sprays had no significant influence on yields (Figure 7.1). 
Otherwise, the two manuring treatments produced 
significantly different yields in terms of both fresh and 
dry weights [p(manure)< 0.001***]. Compost application 
produced respectively FWt yield = 27.85 t.ha'1 and DWt 
yield = 6.098 t.ha-1, while the nil control yielded a FWt = 
22.75 t.ha-1 and a DWt = 5.384 t.ha-1.
There were significant DM% differences (Figure 7.2) between 
the mimic nutrient solution, which produced the highest 
percentages, and the mean of the three other spray 
treatments [p(Mimic vs. Organic,BD, Urtica) = 0.005**], and 
also in the individual spray contrasts against Organic and 
BD compost extracts [p(Mimic vs. Organic)= 0.011*; p(Mimic 
vs. BD) = 0.016*], which prompted an overall borderline 
significant difference for sprays [p(spray)= 0.057BL]. 
There were no significant differences between the other 
spray treatments.
There was also a very significant contrast between the nil 
control and the compost application, which decreased the 
DM% [p(manure)< 0.001***].
Table 7.2 Shows the statistical data for potato'94 dry 
matter contents, with the three types of means, SEDs and 
LSDs for individual comparisons. Significantly different
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values are highlighted in bold and marked with different 
letters for identification.
Table 7.2. Potato' 94 Dry Matter Contents - Statistical Data.

***** Tables of means *****
Grand mean 22.75

spray H20 Mimic ExtrB ExtrC Urt23.02 23.54a 22.30b 22.38b 22.53b
manure Nil Compost

23 65 21.85spray manure Nil CompostH20 24.03 22.00Mimic 24.38a 22.70cExtrB 22.95b 21.65ExtrC 23.22 21.53Urt 23.68 21.37d
*** Standard errors of differences of means ***

Table spray manure spray
manurerep. 12 30 6s.e.d. 0.445 0.291 0.640d.f. 20 25 44.72Except when comparing means with the same level(s) ofspray 0.650d.f. 25

*** Least significant differences of means (5% level) ***
Table spray manure spray

manurerep. 12 30 6l.s.d. 0.929 0.599 1.289d.f. 20 25 44.72Except when comparing means with the same level(s) ofspray 1.339d.f. 25

Histogram 7.1 shows the close to normal distribution of the 
residuals from the DM% data.

- -1.5 1 *
-1.5 - -1.0 3 ***
-1.0 - -0.5 13 *************
-0.5 - 0.0 13 *************
0.0 - 0.5 13 *************
0.5 - 1.0 13 *************
1.0 - 1.5 3 ***
1.5 - 1 *

Histogram 7.1. Distribution of the residuals from the 
statistical analysis of DM% data in potato trial'94. Scale: 1 
asterisk represents 1 unit.
Ware yields due to compost were also significantly higher 
than the control's in terms of both fresh and dry weights 
[p(manure)< 0.001***]. No differences between spray 
treatments or interactions were found (Figure 7.3).
There was a significant increase in terms of FWt yield of 
small tubers (chats) for the compost application
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[p(manure)= 0.004**]. The mimic spray also induced higher 
chat FWt (Figure 7.4) than the organic compost spray 
[p(Mimic vs. Organic)= 0.045*]. The DWt of chats showed 
significant differences in the contrasts between the mimic 
spray and the mean of the three others [p (Mimic vs. 
Organic,BD,Urtica) = 0.030*]; and the individual comparison 
between mimic and organic spray [p(Mimic vs. Organic)= 
0.011*] .
Pest damage was proportionally higher in the higher 
yielding compost treated plots, but only in terms of fresh 
weight [p(manure)= 0.025*]. There were no differences in 
terms of percentages of pest damaged tubers.

7.3.2. Storage Quality
The net yields after storage were considered as the total 
amount of ware plus chat tubers, which were significantly 
higher for the compost treatment in terms of both FWt and 
DWt [p(manure)< 0.001***].
The tuber storage browning scores (each unit = 10% tuber 
cross-section area) showed significant differences for the 
following contrasts (Figure 7.5):
• The compost application significantly decreased storage 

browning [p(manure)= 0.044*].
• The mimic spray induced more storage browning losses 

than the other sprays [p(Mimic vs. Organic ,BD , Urtica)= 
0.038*; p(Mimic vs. BD)= 0.054BL].

Nevertheless, there were no significant differences for the 
comparisons of DWts per ha of tubers lost by storage 
browning, which were estimated by multiplying the 
percentage of tubers with any browning (in the five tuber 
samples) by the mean yields of each treatment. The same 
apples for the net yield of stored tubers after the
subtraction of these non-marketable ones. Plate 7.4
illustrates the storage browning evaluation procedures, by 
giving scores to individual tubers through a 1:10
equivalence to the percentage of darkened tissue against 
the background of a millimetered grid acetate transparency, 
as explained in Chapter 3, Section 3.9.2.
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7.3.3. Visual Assessment
The visual assessment scores offered significant 
differences in the following parameters (Figure 7.6):
• Vigour was better in the compost treated plants 

[p(manure)= 0.040*].
• Growth form was more erect in the compost treated plants 

[p(manure)= 0.003**]
• Canopy cover was denser for the compost treatment and 

the for BD extract as compared to the mimic spray 
[p(manure) = 0.022*; p(Mimic vs. BD)= 0.008**; p(spray) =
0.053bl] .

Blight incidence showed no significant differences. Plate 
7.3 illustrates the healthy appearance of the plants in 
August, after the last spray applications.

7.4. Discussion
The absence of significant yield differences between the 
spray treatments served to show that the soil of the plots 
was as homogeneous as shown by the soil analyses (Table
3.3, Chapter 3). The significantly higher yields obtained 
with the compost treatment served to clarify the question 
of the lack of yield response to fertilizers in potato 
trial 1993 (experiment 2) . As a predominantly vegetative 
crop, potatoes do respond well to good quality organic
fertilizers. This year's FYM compost was certainly richer 
and more appropriate than 1993's garden & food waste 
compost.
It is interesting to note how the potatoes, in contrast to 
the wheat in Experiment 5, did not respond to the nettle 
water (Urtica spray) treatment; rather responding with
significant DM% differences to the mimic nutrient solution 
and the BD sprays.
Although there were significant DM% differences between the 
mimic nutrient solution and the mean of the three other
spray treatments [p(Mimic vs. Organic,BD, Urtica)= 0.005**], 
in the individual comparisons of spray x manure
interactions there were no significant differences between 
the mimic spray and the BD compost extract.

261



There were in fact only two significantly different 
interaction results in the comparison against the mimic 
spray: 1) the Organic compost extract spray induced lower 
DM% in the nil manure control and 2) the nettle spray 
offered lower DM% in the soil compost treatment (Table 7.2 
and Figure 7.2). This indirectly represents a better 
performance of the BD extract treated plots in relation to 
the organic and nettle sprays.
The lower DM% of the compost soil treatment in relation to 
the nil manure control confirms the fact that higher yields 
are in general inversely proportional to dry matter 
contents (Storey & Davies, 1992). The drier and hotter 
weather conditions in 1994, as compared to the previous 
year (see Appendices 42 & 43), exacerbated the DM% 
differences between the nil control and the compost 
treatment (Figure 7.2).
Higher fresh and dry weights of ware yields due to compost 
application follow the same explanation given for the total 
yields. FWt of chats can also be explained along these same 
lines. The response to the mimic spray in terms of 
significantly higher DWt of chats shows that continued 
nutrient availability can perpetuate vegetative growth.
The visual assessment scores confirmed the yield and 
quality data, showing the effectiveness of' the same 
treatments observed in other parameters.
Although the mimic spray induced significantly higher 
storage browning (due to both physiological senescence and 
diseases) scores than the other three sprays (i.e.; 
excluding the water control), these differences did not 
affect the final net yield of marketable stored tubers. 
Nevertheless, as there were no significant yield 
differences between sprays, these results can be attributed 
to an allelopathic and non-nutritional effect of both the 
nettle and the compost sprays which not even the complete 
M&S complete nutrient solution of the mimic spray could 
match.
The significant decrease of storage browning in tubers from 
the compost treatment in relation to the nil control was
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consistent with the results of the 1993 potato trial, in 
which the nil control treatment 'A', produced the highest 
tissue browning % area scores. This can be explained by 
both a higher resistance of compost treated tubers and 
because potatoes grown without any fertilizer are more 
likely to develop physiological deficiencies during 
storage. Otherwise, the significantly higher browning 
scores in 1994 than in the 1993 and 1995 trials suggests 
that the predominantly nutritive nature of the sprays used 
in this trial, i.e., chiefly stimulating water + nutrient 
absorption (the 'water & earth pole') by potato plants was 
responsible for this increase in the tuber storage 
browning, which resulted from the 1994 potato trial.
If confirmed, this kind of results would provide 
considerable evidence that BD sprays are not only 
effective, but must also be carefully applied, in order to 
avoid detrimental effects.
This led to the question whether the traditional BD silicon 
based sprays; especially P501 and horsetail, used in the 
1993 trial were not the main responsible factors for the 
different and more consistent results then obtained. This 
hypothesis was later tested in the 1995 potato trial 
(Experiment 10).
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plate 7.1. Five partially coded sprays prepared for application 
to the 1994 potato trial (experiment 6) : blind B and C compost 
extracts, nettle water (U), mimic solution (A+) and control (A).

Plate 7.2. Field sprays just before the second application to 
experiment 6 on the 23/07/94.
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Plate 7.3. View of the potato trial on the 02/08/94 after the 3rd 
spray application.

Plate 7.4. Sample of five potato tubers from Experiment 6, after 
evaluation of tissue browning through estimation of the % 
darkened tissues against a millimetered grid acetate 
transparency, shown in the background.
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Contrasts: p(Manura)< 0.001***(for both r&DWt)

BControl 
■ Compost

Sprays

Figure 7.1. Potato 1994 (Var. Pentland Crown) Fresh & Dry Yields. Split-plot 
RCB Field Trial with 6 blocks, 5 sprays (H2O, Mimic, blind Organic & Biodynamic 
10% compost extracts, Urtica dioica 10% extract) and 2 soil treatments {Nil, 
Compost). Manure SEDs: FWt=0.649; DWt= 0.1883.

p(Manure)< 0.001*** p (Spray ) < 0.057*1-

pdfimic vs Org, BD, Urtica ) - 0.005**1
p(Mimic vs Orff)- 0.011*» p(Mimic vs BD)- 0.016*

□Control
■Compost

Figure 7.2. Potato 1994 (Var. Pentland Crown) Dry Matter Contents. Split-plot 
RCB Field Trial with 6 blocks, 5 sprays and 2 manures (same as Figure 7.1). 
SEDs: Manure=0.291; Spray=0.445.
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Contrasts: p(Kanure)< 0.001***(for both rtDWt)

25 n

w
H

■Control
■Compost

rwt uwt rwt Dwt 
Mimic Organic

Sprays

Figure 7.3. Potato 1994 - Ware Quality tuber fresh & dry yields. Split-plot RCB 
Field Trial with 6 blocks, 5 sprays and 2 soil treatments (same as Figure 7.1). 
Manure SEDs: Fwt=0.534; Dwt=0.1521.

p(Manurs)= 0.004**(for FWt) p(Mimic vs Org,BO,I7rt )■ 0.030*(for rwt)
p(Mimic vs Org)= 0.015*(FWt); p(Mimic vs Org)a 0.011*(DWt)

H
X

H,0 Mimic Organic BD ortica

□ Control 
■  ConQ>oat

Sprays
Figure 7.4. Potato 1994 - "Chat" tubers (<40 mm) fresh & dry yields. Split-plot 
RCB Field Trial with 6 blocks, 5 sprays and 2 soil treatments (same as Figure 
7.1. Manure SEDs: Fwt= 0.1952; DWt= 0.0488. Spray SEDs: Fwt= 0.3435; DWt= 0.0822.
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Contrasts: p(Manure)= 0.044* p(Mimic va Org,BD,Urt )= 0.038*

Sprays
Figure 7.5. Potato 1994 Stored Tubers Tissue Browning Scores (each score unit = 
10%) of tuber cross-section area after 6 months. Split-plot RCB Field Trial 
with 6 blocks, 5 sprays and 2 soil treatments (same as Figure 7.1). SEDs: 
Manure = 0.226; Spray=0.325; Interaction = 0.484; within the Same Spray =
0.506.

Contrasts: p(Manure)" 0.003**(Growth Form); p(Manure)- 0.022*(Canopy Cover)

p(Spray)- 0.053*L(Canopy) ; p(Mimic vs BD) - 0.008** (Canopy)

HjO Klmic Organic BD Ortica

Sprays

Figure 7.6. Potato'94 Field Visual Assessment Scores for Growth Form & Canopy 
Cover of plants. Split-plot RCB Field Trial with 6 blocks, 5 sprays and 2 
manures (same as Figure 7.1). Growth Form SED: Manure= 0.1801; Canopy Cover 
SEDs: Manure= 0.274; Spray= 0.480.
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CHAPTER 8
Green Manure Rotations 1993/94 

Experiments 3 & 4

8.1. Introduction
Studies on rotations with green manures in both the wheat 
and potato systems-approach field plots were made in the 
intermediate year of 1994. Although the two experiments were 
conducted in parallel and under the same methodology/ for a 
proper distinction, the rotation trial in the wheat plots 
was designated Experiment 3, while the rotation in the 
potato plots was labelled Experiment 4.
The green manure species; rye (Secale cereale) and winter- 
vetch (Vicia sativa), were chosen for their good biomass 
production and efficient weed suppression properties, 
through both vegetative competition and allelopathic effects 
(Monegat, 1981; Rice, 1984 & 1995). The suitability for
rotations with wheat and potatoes was carefully checked 
against the background of experienced recommendations 
adopted by the Ministry of Agriculture and Fisheries during 
the hard times of World War II (Sanders, 1944), but almost 
forgotten today for the sake of monoculture and agrochemical 
applications. Green manure rotations were then considered by 
distinguished lecturers and agricultural researchers as part 
of "a well-knit plan formulated from the outset" for the 
farm, which according to them, 'must be ever regarded as one 
organic whole" (Sanders, 1944).

8.2. Materials and Methods
A mixture of rye (Secale cereale) and winter-vetch (Vicia 
sativa) was used, to take advantage of the good association 
of an erect cereal plus a climbing legume, which 
significantly enhances their individual biomass production 
and their suppressing properties against weeds (Monegat, 
1981; Woodward & Burge, circa 1982; Atallah & Lopez-Real 
1991; Rice, 1984 & 1995).
Winter-vetch or 'tares" (as it is called by British farmers) 
is well-known as a most useful species among forage legumes
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for its lush growth and adaptability, good N fixation rates, 
high competitiveness with weeds (due to its climbing growth 
habits) and good complementary association with forage 
cereals like oats and rye. While cereals are richer in fibre 
and provide longer-lasting straw for mulch (or energetic 
animal foodstuff), vetch is protein-richer, decomposing 
faster and providing more readily available nutrients to the 
soil-plant system (Kiehl, 1979; Monegat, 1981; Moreira, 
1989; Atallah & Lopez-Real 1991; Mwaja et al., 1995).
Rye is well known for the remarkable allelopathic properties 
of both living plants and its residues. The choice of forage 
rye for the rotation and mulch took into account not only 
its resistant lignified straw for mulch and its 
effectiveness against weeds, but also its most likely 
phytotoxic effects on the wheat. This could be compared to 
the response of potatoes and provide valuable data, in case 
the BD preparations did not yield significant differences 
(Mwaja et al., 1995; Bottenberg et al., 1997).
So, the green manure rotation was considered and implemented 
because: (i) it is an essential aspect of Organic Farming, 
but also; (ii) to avoid complete reliance on biodynamic 
treatments.
The green manure mix was sown in early autumn (beginning of 
October) and cut-off or mown-down as mulch in early summer 
(beginning of July) for maximum biomass, while the rye grain 
was still in the milky-stage and the vetch is in full flower 
(Woodward & Burge, circa 1982).
The rye-vetch cover was removed from the control plots "A* 
and 'A+' with a 'Taarup' forage harvester in midsummer 1994 
(07-10/07/94). In contrast, in the Organic and Biodynamic 
('B' & 'C') plots the cover was flail-mown (Plates 8.2 & 
8.3) and left in situ as mulch in readiness for re-planting 
with wheat and potatoes in their same respective plots the 
following spring of 1995.
The rye plus vetch seed mix calculations and sowing rates 
were made on the weight basis of a mixture consisting of 10 
g of rye, plus 8 g of vetch seeds, totalling 18 g.m-2. The 
seeds were weighed into 48 (plus extra 12) paper bags of 432
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g, one for each drill pass of 24 m2, using the same Hege 80 
precision drill.
The trials' diary of activities is shown in Table 8.1.
Table 8.1. Green Manure rotation experiments 3 and 4 - diary of 
activities.

Date Activity
14/10/93 Plot re-marking
15/10/93 Soil tillage (disk-ploughing & power-harrowing)
21/10/93 Rye + Vetch mix drilling
23/06/94 Biomass sampling from Experiment 3
24/06/94 Biomass sampling from Experiment 4
05/07/94 Mowing down of rye+vetch mulch in 'B & C'

plots
07-10/07/94 Chopping away rye+vetch from 'A & A+' plots 

with "Taarup" forage harvester

8.3. Results
The rye plus vetch mix produced lush growth and completely 
out-competed weeds during the growing season, as shown in 
Plate 8.1.
The 4 m2 biomass samples from each plot were collected with 
the ’Taarup" forage harvester (Plate 8.4) and weighed in the 
field with a mechanical balance mounted on a tripod (Plate 
8.5) .
The colour codes used in Figures 8.1 to 8.3 refer to the 
distinction between the green manure biomass from the 
original wheat plots (yellow) and potato plots (green). 
Labels indicate the different treatments and comparisons.
Green manure biomass (t.ha-1) data are shown in Appendices 15 
and 16. Slight differences with values shown in Tables 8.2 
and 8.3 are due to Genstat's modes of estimation of means 
and missing values in the latter.

8.3.1. Biomass in Wheat Plots
Although there were no significant differences regarding the 
original treatment systems, the rye plus vetch mix produced 
much less biomass in the wheat plots (Grand means: FWt =

277



29.74; DWt = 8.18), as compared to the results obtained in 
the potato plots (Grand mean: FWt = 47.4; DWt = 10.35).
Table 8.2 shows the means calculated by the Genstat 5 
statistical package.

Table 8.2. Biomass (t.ha*1) of Green Manure 1994 Rotation in 
Wheat Plots (Experiment 3) .
T reat. 
Variate A A+ B C d.f

(m. s)
SED LSD5% s. e. CV%

FWt 29.16 28.67 30.97 30.25 14(1) 2.419 5.189 4.190 14.1
DM % 27.25 28.79 27.47 27.34 14 (1) 1.083 2.322 1.875 6.8
DWt 7.87 8.16 8.47 8.25 14(1) 0.709 1.520 1.227 15.0

8.3.2. Biomass in Potato Plots
There were significant biomass differences between the 
original treatment (i.e., originally applied to the 1993 
potato trial) plots, with higher FWt & DWt yields produced 
by organic and BD plots.
In terms of FWt (Figure 8.1), there was an overall 
significant difference [p(system)= 0.002**] resulting from 
the several significant contrasts: p (A vs. B,C)< 0.001***; 
p(A+ vs. B) = 0.013*; p (A+ vs. C)= 0.028*; p (A vs. B)<
0.001***; p(A vs. C)= 0.002**.
Table 8.3 shows the means calculated by the Genstat 5 
statistical package.

Table 8.3. Biomass (t.ha*1) Green Manure 1994 Rotation in Potato 
Plots (Experiment 4).____________________________________________
T reat. 
Variate A A+ B C d.f

(m. s)
SED LSD5% s .e. CV%

FWt 40.1 44.2 53.2 52.0 15 3.17 6.77 5.50 11.6
DM % 22.08 23.03 22.90 19.83 15 1.390 2.963 2.408 11.0
DWt 8.84 10.14 12.14 10.30 15 0.932 1.987 1.615 15.6

In terms of DM% (Figure 8.2) there were significant 
differences between BD plots, which had a lower DM content 
than the Organic [p(B vs. C)= 0.043*] and the NPK previously 
treated (1993) plots [p(A+ vs. C)= 0.036*].
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The results of dry weight (Figure 8.3) comparisons also 
offered significant differences: p(system)= 0.023*; p (A vs. 
B,C)= 0.010*; p(A+ vs. B)= 0.048*; p (A vs. B)= 0.003**. 
There were no significant DWt differences between Organic 
and BD plots [p(B vs. C)= 0.067NS].

8.4. Discussion
The green manure FWt biomass after wheat was only 62.74 % of 
the rye + vetch biomass after potatoes, or 79.03 % in terms 
of dry weight. This can be attributed to the negative 
allelopathic effect of the wheat stubble on the general 
development of the rye, which contributed with the greatest 
percentage of the biomass of the green manure mix, for no 
differences were observed in seed germination, emergence and 
the percentage of rye plants in relation to the vetch.
Both the koline-allomones naturally present in the wheat 
straw and stubble like the phenolic compounds - p-coumaric, 
p-hydroxybenzoic and ferulic acids and their mixture, and 
the production of patulin by the fungus Penicillium urticae, 
can be responsible for such allelochemical inhibition (Rice, 
1984; Inderjit & Mallik, 1997).
Furthermore, the simple rotation with a crop from a 
different family like potatoes (Solanaceae) , which does not 
extract the same elements from the soil as cereals, could 
well benefit the development of rye (Inderjit & del Moral, 
1997) . Although no chemical analyses of the rye and vetch 
tissues were performed, the plants did not show any nutrient 
deficiency symptoms.
The fact that the soil analyses from both wheat and potato 
systems-approach plots presented very similar nutrient- 
element contents and overall chemical and physical 
properties allows a cross-comparison between the different 
sites inside Orchard Field. In both sites the rye + vetch 
mix was equally efficient in suppressing the weeds, but 
there was a remarkable predominance of rye over vetch in the 
potato plots (Plate 8.1), while the vetch biomass was so 
predominant in the wheat plots that it actually climbed all 
over and lodged the rye plants (Plate 8.2).
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Thus we can conclude with a safe margin of probability that 
the green manure growth performance differences were due to 
specific allelopathic interactions with the preceding crops.
The higher fresh and dry biomass weights obtained with the 
residual treatment effects of compost application on the 
potato plots were probably overrun or masked by the above- 
mentioned phytotoxic effects, considering the good general 
response of cereal-vetch mixtures to plant density and N 
availability (Moreira, 1989; Mwaja et al., 1995; Stirzaker & 
Bunn, 1996).
These results highlighted the importance of green manure 
rotations for a vegetative control of weeds and for the 
study of allelopathic interactions in agricultural systems. 
It also offered the opportunity to verify the effects and 
interactions of the green manure mulches with the subsequent 
wheat and potatoes re-planted on the same plots in 1995.
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Plate 8.1. Green manure mix of rye (Secale cereale) and vetch 
(Vicia sativa) in the potato rotation trial (Experiment 4) in 
mid-June 1994, days before biomass sampling.

Plate 8.2. Mulching of the green manure mix of rye (S . cereale) 
and vetch (V . sativa) in the wheat rotation plots B & C 
(Experiment 3), on the 07/07/94. Biomass from plots A & A+ was 
later removed.

Plate
Flail

8.3. General view of the green manure mulching 
Mower in Experiment 3 (07/07/94).

with a
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Plate 8.4. Biomass samplings of green manure mix of rye (Secale 
cereale) and vetch (Vicia sativa) in the wheat rotation trial 
(Experiment 3) with a 'Taarup' forage harvester on the 26/06/94.

Plate 8.5. Weighing of green manure biomass samples in 
Experiment 3, on the 26/06/94. Later the biomass was either 
mulched with a flail mower (Plates 8.2 & 8.3) in organic and BD 
plots (B & C) , or removed with the 'Taarup' forage harvester 
from control plots A and A+.
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Potatoi p(System)- 0.002**# p(A re B,C)< 0.001***» 
p (A+ rs B)< 0.013*» p(A+ vs C ) < 0.028*

Wheat piotai
p - NS for all contrasta

s.e.d.- 3.17 LSD**- 6.77 s.e.d.- 2.419

□ Potato plots
□ Wheat plots

Control (X) NPK/Hitram(A+) Organic (B) Biodynamic (C)

Systems

Figure 8.1. Fresh Biomass of Rye+Vetch in Green Manure Rotations 1994 with 
Potato and Wheat. Residual effects from previous year's treatment systems: 
A=Control, A+ = NPK (670 Kg/ha of 15-15-20 for potatoes; 125 Kg/ha NH4NO3 for 
wheat plots); B & C = blind Organic & Biodynamic (60T/ha of compost).

I

Control(A) WPK/Nitram(A+) Organic(B) Biodynamic (C)

Systems

Figure 8.2. Dry Matter contents of Rye+Vetch in Green Manure Rotations 1994 
(Same as Fig.8.1).
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8.e.d.= 0.932

» 0.023*» p(A va B,C)< 0.010*» p(A va B). 0.003**» 
0.048*» p (A va C). 0.14"» p(B va C)« 0.067"

Wheat Piota: p « NS 
for all contraata

LSDs%= 1.987 a . a . d . .  0.709

10.30

g

□Potato pioti 
□Wheat piota

Control(A) NPK/Nitraxn ( A+ ) Organic(B) Biodynamic(C)
Systems

Figure 8.3. Dry Biomass of Rye+Vetch Green Manure Rotations 1994 (Same as 
Fig.8.1).
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CHAPTER 9
Wheat Field Trial 1995 - Experiment 7

9.1. Introduction
In the third year of the systems approach series of trials 
(i.e.f the year after the 1994 green manure rotation) the 
wheat'93 plots were re-drilled with wheat under the same 
split-plot RCB designs as the parallel potato study. The 
main-plot treatments remained the four standard soil 
treatments (A, A+, B & C) used in the field trials of 1993, 
while the half-plots were blind treated with and without 
cowhorn-silica P501 (see Appendices 40 & 41).
This experiment served primarily to investigate the influence 
of P501 in the quality differences obtained from both crops 
on the first year (1993) . A secondary aim was to evaluate 
P501's interaction with the four different soil treatment 
systems and with P500 (the cowhorn-manure BD soil spray) . 
Additional inferences were made on the differential responses 
between wheat and potatoes to the green manure rotations, and 
the possible cumulative effects of main-plot treatment (A, 
A+, B & C) systems.
9.2. Materials and Methods
The general methods are the same used for wheat trial 1993 
(experiment 1) . In this trial, besides the specifically 
tested P501 and its blind water control, the only other 
sprays applied were the soil P500 and its blind mimic 
controls, following the same procedures and doses described 
in Chapter 3.
The same original plots respective to each treatment were 
easily recognised thanks to the mulch remains in the Organic 
and BD plots (B & C). Half-plots were carefully re-demarcated 
by the end of winter 1994/95, as shown in Plate 9.1.
Compost specifically produced for this year's field trials 
(Table 3.5, 3.7 & 3.8; Chapter 3, Sections 3.5.2 & 3.5.4) was 
applied with the Compost Applicator, as described in Chapter 
3, Section 3.5.4, according to doses shown in Table 3.10. 
Compost was always lightly incorporated into the soil with a 
rotary power harrow.

285



Due to a very poor initial germination and stand of wheat 
seedlings, a re-drilling was considered necessary. The 
problem was initially attributed to the dry end of winter and 
beginning of spring, as well as an apparently serious damage 
to seedlings by birds, especially rooks (Corvus frugilegus). 
For this last reason it was decided to protect the trial with 
a big net, as shown in Plate 9.3.
Table 9.1. shows the trial's diary of activities.

Table 9.1. Experiment 7 - Wheat 1995, diary of activities.
Date

06/03/95
07/03/95
22/03/95

23/03/95
11/04/95

12/04/95
04/05/95
17/05/95
17/05/95
17/05/95
16/06/95
25/07/95
08/08/95
11/08/95
14/08/95
18/08/95
15/11/95

___________________Acti vi ty__________ ________
Plot re-demarcation

Soil tillage (disk plough + power harrow)
Compost application and power harrowing 

incorporation to wheat plots
Wheat drilling and rolling - 'Spring Equinox' 

(Waning Moon ascending in Archer)
Wheat re-drilling, rolling and netting for 

protection (Waxing Moon descending in Archer)
P500 and its blind mimic control soil sprays

1st P501 prep spraying - first leaves
1st half of Nitram (A+) application - GS2 stage
Rolling cultivation for weeding & tillering
2nd P501 prep spraying - initial tillering

2nd half of Nitram (A+) application - GS32 stage
1st wheat & weed DGA sampling
2nd wheat & weed DGA sampling

3rd P501 prep spraying - grain filling & drying
3rd wheat & weed DGA sampling

Harvest, 2 PM (Waxing Moon ascending in Archer)
Final soil sampling for nitrate and ammonium

Due to the re-drilling and the hot and dry summer of 1995 
(see Appendices 42 & 43) the growth cycle of wheat plants was 
initially delayed and then significantly shortened in the 
ripening phase. This meant that the DGAs, especially the last 
two, had to be taken much closer to each other, in order to 
obtain the DGA one after the flowering stage and DGA 3 at the 
grain ripening stage, to allow for representative ear DWts.
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9.3. Results
The raw data for all evaluated parameters are shown in 
Appendices 17 to 20 and the relevant means used for 
statistical comparisons are presented in Figures 9.1 to 
9.14. In both field trials of 1995 (experiments 7 & 8), the 
weed DGAs were weighed separately per species,' the most 
important of which are shown in Appendix 18, for this 
experiment's data.
The additional colour-codes used in this chapter and also in 
Chapter 10 (experiment 8, potato'95) for distinction between 
true and mimic spray treatment results in the figures are: 
'blue' for the real BD treatment and 'brown' for the control, 
while the ’main-plot treatment systems are labelled as 
standard through all chapters in the figures.

9.3.1. Destructive Growth Analyses
For the stem & leaf DGA samplings P1-P3, there was a clear 
graphic contrast between the interactions of the four
'manures' with the two sprays, shown in the comparison 
between Figures 9.1 & 9.2. In the first stem & leaf DGA
sampling PI, the "Nitram x P501" treatment produced a 
significantly higher initial DWt (Figure 9.2) in comparison 
with all the other soil treatments {p[(A+ vs. A,B,C) x
spray]= 0.024*; p[(A+ vs. C) x spray]= 0.016*}.
In sampling P2, there are several significant differences in 
the contrasts between manure treatments (Figures 9.1 & 9.3), 
where basically the organic and BD mulched treatments 
presented lower vegetative biomass than the controls: 
p (manure) = 0.004**; p (A+ vs. A,B,C)= 0.002**; p (A vs. B,C) = 
0.024*; p(A+ vs. B)= 0.003**; p(A+ vs. C)= 0.001***; p(A,A+,B 
vs. C) = 0.015*. There was a reasonably good distribution of
the residual values of P2, shown on Histogram 9.1.

- -10 2 **
-10 - -5 4 ****
-5 - 0 18 ******************
0 - 5 18 ******************
5 - 10 4 ****

10 - 15 2 **
15 - 0

Histogram 9.1. Distribution of the residual values of wheat'95 
stem & leaf DGA P2. Scale: 1 asterisk represents 1 unit.
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There were no significant differences in the contrasts for 
the third stem & leaf DGA P3.
In the first ear DGA El, there were also significantly 
different interactions between sprays and manures. The same 
picture of the stem and leaf development was repeated 
(Figures 9.4 & 9.6), with the Organic and BD mulched
treatments presenting significantly lower ear DWt than the 
controls: p [(A+ vs. A,B,C) x spray]= 0.041*; p [(A+ vs. C) x 
spray]= 0.013*; p[(A,A+,B vs. C) x spray]= 0.034*. For E2, 
there were also several significant contrasts (Figures 9.4, 
9.5 & 9.6) both between manures and the interactions manure x 
spray, still with the Organic and BD mulched treatments 
presenting lower ear DWts than the controls: p(manure)= 
0.004**; p(A+ vs. A,B,C)< 0.001***; p (A+ vs. B)= 0.002**; 
p[(A+ vs. B) x spray]= 0.035*; p (A+ vs. C)< 0.001***; 
p (A,A+,B vs. C)= 0.019*. There were no significant
differences in the contrasts between treatments in the last 
ear DGA sampling E3.

9.3.2. Stands and Weed Species
The stands of wheat plants were significantly lower in the 
organic and BD mulched treatments (Figure 9.8) and their 
interactions with the sprays in several contrasts of 
interest, in all three DGAs. The following contrasts were 
significant for SI: p(manure)= 0.002**; p(A+ vs. A,B,C)=
0.019*; p (A vs. B,C)= 0.001***; p (manure x spray) = 0.057BL; 
p [ (A vs. B,C) x spray] = 0.036*; p (A+ vs. B)= 0.003**; p (A+ 
vs. C)= 0.008**; p[(A+ vs. C) x spray]= 0.023*; p(A,A+,B vs. 
C) = 0.035*; P [(A,A+,B vs. C) x spray]= 0.042*.
For stand sampling stand sampling S2, the significant 
contrasts were: p(manure)< 0.001***; p (A+ vs. A,B,C) =
0.007**; p(A vs. B,C)< 0.001***; p(A+ vs. B)= 0.002**; p (A+
vs. C)< 0.001***; p(A,A+,B vs. C) = 0.003**.
Stand S3 also offered significant differences in the response 
to the soil treatment systems [p(manure)= 0.001***; p(A+ vs. 
A,B,C)= 0.006**; p (A vs. B,C)= 0.001***; p (A+ vs. B) =
0.003**; p(A+ vs. C) = 0.001***; p(A,A+,B vs. C)= 0.004**], 
were the organic and BD mulch treated plots presented 
markedly lower plant population densities. The poorer stands
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(Plate 9.6, Figure 9.8, Appendix 17) and development under 
the organic and BD mulched treatments also resulted in 
significantly lower numbers of ears per sample (average p < 
0.05; p(manure)< 0.001***) and per plant (p < 0.05), which 
reflected lower effective tillering of the wheat plants.
Histogram 9.2 shows an example of good distribution of the 
residual values of S2.

- -8 3 ***
-8 - -4 8 ********
-4 - 0 13 *************
0 - 4 13 *************
4 - 8 8 ********
8 - 12 3 * * *

12 - 0
Histogram 9.2. Distribution of the residual values of wheat'95 
stand sampling S2. Scale: 1 asterisk represents 1 unit.
In the general weed DGAs measuring the dry weight biomass in 
grams of all the weeds species found in the plots (Figure
9.7, Appendix 17), there were significant differences between 
the main-plot soil treatments only in the second DGA sampling 
W2: p(manure)= 0.050*; p (A vs. B,C)= 0.013*; p(A,A+,B vs. C) = 
0.025*. However the only two individual means that were 
significantly different from each other (Manure LSD5% = 9.74 
g), thus influencing the selected contrasts, were the nil 
fertilizer control (6.1 g) and the BD (20.4 g).
The statistical analysis of a great number of different weed 
species would require a non-parametric statistical approach 
that would hardly yield any significant information to 
interpret treatment differences. So, the specialised 
statistical advice was to show comparative tables of means 
with the individual contrasts of interest for the 
experimental design and research objectives (Pearce, 1992; 
Dr. Trudy Watt and Mr. Alan Clewer, personal communication 
1995). The comparisons between treatment systems for 
individual weed species taken in the DGA samples offered some 
significant differences, which are presented below in the 
form of both DWt (g) means and specific contrasts of interest 
(Table 9.2, Appendix 18).

I
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Table 9.2. Mean biomass dry weights (g) of weed species in wheat 
trial'95 that offered at least one significant contrast between 
the soil treatment systems (A= control, A+= NPK, B= organic, C= 
BD) and their interactions with the silica P501 and the water 
control sprays. Different letter indexes (a, b, c, d) indicate
significantly different values.

Weed species,
DGA No. & Contrasts

Treatment DWt (g) means Statistical
differences

A A+ B C SED LSD5*
S t e l l a r i a  m e d i a  1 1.10a 2.Olab 4.51b 3. lOab 1.246 2.657

S . m e d i a  1 contrasts: p(A vs. B,C) = 0.024*; p(A vs. B) < 0.024* 
S t e l l a r i a  m e d i a  2 0.47a 1.25ab 3.58bc 4.36c 1.110 2.367

S . m e d i a  2 contrasts: p(manure) = 0.009**; p(A vs. B,C) = 0.002**; 
p(A+ vs. B) = 0.053bl; p(A+ vs. C)= 0.013*; p(A,A+,B vs. C)= 0.012*

S t e l l a r i a  m e d i a  3 0.17a 0.44ab 1.74c 1.32bc 0.594 1.267
S . m e d i a  3 contrasts:: p(A vs. B,,C) = 0.019*; p(At vs. B)= 0.045*
A t r i p l e x  p a t u l a  1 2.98ab 7.67b 1.95ab 0.20a 3.221 6.865

A . p a t u l a  1 contrs.: p (A+ vs. A, B,C)= 0.039*; p(A+ vs. C) = 0. 035*
C h e n o p o d i u m  a l b u m  1 0.9a 6.0ab 2.0a 16.8b 5.35 11.41
C h . a l b u m  1 contrs. : p(manure) 

p (A, A+, B vs
= 0.037*; p (B vs. C) 

:. C) = 0.006**
- 0.014 ★ •r

P . a v i c u l a r e  2 x water 0.70 0.26a 2.20 0.60 0.899 1.828
P . a v i c u l a r e  2 x P501 0.41 0.55 0.81 2.21b

P o l y g o n u m  
p [ (B vs. C) x spray]

a v i c u l a r e  2 interaction contrasts:
= 0.025*; p [(A,A+,B vs. C) x spray] = 0 . 053bl

C i r s i u m  a r v e n s e  2 0.98b O.llab 0.24ab 0.05a 0.411 0.876
C . a r v e n s e 2 contrast : p(A vs. B,C) = 0.033-*■

C i r s i u m  a r v e n s e  3 3.21 0.92 0.52 0.31 1.409 3.004
C . a r v e n s e 3 contrast : p (A vs. B, C ) = 0.037 *

P a p a v e r  r h o e a s  2 0.78ab 0.63ab 0.17a 2.20b 0.768 1.638
P . r h o e a s  2 contrasts : p (B vs. C )= 0.018*; p(A,A+,B vs . C ) = 0 .017*

V e r o n i c a  p e r s i c a  2 0.10a 0.16b 0.71bc 0.91c 0.262 0.559
V . p e r s i c a  2 x water 
V . p e r s i c a  2 x P501

0.05a
0.15a

0.13a 0.75a 
0.19a 0.67a

1.78b
0.04a

0.419 0.850

V.persica 2 contrasts: p(manure)= 0.017*; p(A vs. B,C) = 0.007**; p(A+ 
vs. C) = 0.012*; p(A,A+,B vs. C) = 0.016*; plus the interactions:

p(manure x spray)= 0.029*; p[(B vs. C) x spray]= 0.019*; p[(A+ vs. C) x 
spray]= 0.012*; p[(A,A+,B vs. C) x spray]= 0.003**;

V e r o n i c a  p e r s i c a  3 0.13a 0.22ab 0.53b 0.45ab 0.181 0.387
V . p e r s i c a  3 contrasts: p(A vs. B,C) = 0.038*

S e c a l e  c e r e a l e  3 l.OOab 0.74a 5.20b 2.23ab 1.998 4.258
S e c a i e c e r e a l e  3 contrasts: p (A+ vs. B) = 0.041*

Otherwise, the separate weed DGAs by species indicated a
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significant change in the weed species population composition 
in terms of the percentages of the quadrat sample area 
occupied by the most dominant species in the three DGAs 
(Table 9.3, Appendix 18).
Table 9.3. Comparative predominant species in terms of % quadrat 
sample area of total weed population stands between the visual 
assessment in the 1993 wheat trial and the assessment through the
average grana meciiis

Weed species in 1993 % Weed species in 1995 GM
(g) %

Stellaria media 
(chickweed) 18 Chenopodium album 

(fat hen) 3.3 20

Polygonum aviculare 
(knotweed) 15 Atriplex patula 

(orache) 3.1 19

Papaver rhoeas 
(corn poppy) 14 Stellaria media 

(chickweed) 2.0 13

Rumex sp 
(docks) 12 Secale cereale 

(rye) 1.8 11.2

Poa annua 
(meadow grass) 10 Sonchus arvensis 

(perennial sowthistle) 1.6 10

Chenopodium album 
(fat hen) 8 Papaver rhoeas 

(corn poppy) 1.1 7

Cirsium arvense 
(creeping thistle) 7 Cirsium arvense 

(creeping thistle) 0.9 5.6

Matricaria spp 
(mayweed) 4 Polygonum aviculare 

(knotweed) 0.8 5

Sinapis arvensis 
(charlock) 4 Poa annua 

(meadow grass) 0.5 3

Brassica oleracea 
(oilseed rape) 3 Elymus repens 

(couchgrass) 0.4 2.5

Lamium purpureum 
(red dead nettle) 2 Veronica persica 

(speedwell) 0.3 1.9

Fumaria officinalis 
(fumitory) 2 Convulvulus arvensis 

(field bindweed) 0.2 1.2

Anagalis arvensis 
(scarlet pimpernel) 1 Lamium purpureum 

(red dead nettle) 0.1 0.6

The comparison between the 1993 and the 1995 wheat trials in 
terms of means of the weed DWts obtained from the DGAs showed 
a significant increase in the weed infestation in the BD 
treated plots (code C) after the green manure rotation and 
mulch, while the other treatments remained in the same level 
of weed biomass production (Table 9.4).
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Table 9.4. Comparative means per treatment and per year of the 
weed DWts obtained from the 1993 and 1995 wheat trials' DGAs.

DGA
Number

Treatment DWt (g) Means per Year
Control Nitram Organic BD SEDs
93 95 93 95 93 95 93 95 93 95

1 4.2 17.8 17.0 20.2 10.4 17.8 7.9 23.0 4.11 7.01
2 13.9 6.1 15.1 13.0 18.5 14.1 7.6 20.4 9.27 4.57
3 17.1 10.8 22.3 20.5 32.7 19.9 10.7 28.1 14.42 8.69

Total 35.2 34.7 54.4 53.7 61.6 51.8 26.2 71.5 - -
Average 11.7 11.6 18.1 17.9 20.5 17.3 8.7 23.8 - -

9.3.3. Grain Yields and Moisture Contents
Yields (kg.ha-1, corrected for 14% MC) were consequently and 
significantly lower for the Organic and BD mulched treatments 
(Figure 9.9): p(manure)= 0.001***; p(A vs. B,C) = 0.028*; p (A+ 
vs. A, B, C) < 0.001***; p (A+ vs. B)< 0.001***; p (A+ vs. C)< 
0.001***; p(A,At,B vs. C)= 0.009**.
The grain moisture contents at harvest time (Hmc%) were 
significantly higher for the Organic and BD mulched 
treatments (Figure 9.10): p(manure)= 0.009**; p (A vs. B,C) = 
0.005**; p(A+ vs. A, B, C) = 0.042*; p (A+ vs. B)= 0.036*; p (A+ 
vs. C )= 0.006**; p(A, A+,B vs. C)= 0.008**.
The stored grain (dried by cold ventilation) moisture 
contents (Gmc%) maintained a higher MC% only for the Organic 
samples in the contrast p(A+ vs. B)= 0.038*, with the Nitram 
treatment (Figure 9.10).

9.3.4. Grain Quality
TGW values of wheat 1995 were the lowest of the three years 
of trials and the only significantly higher values were 
obtained from the nil fertilizer control (Figure 9.11): 
p(manure)= 0.042*; p (A vs. B,C)= 0.008**; p(A vs. A+B,C)< 
0.05*.
HFN mean values on the other hand, were the highest of the 
three years, with significant interaction contrasts in which 
the BD soil treatment was the only to increase HFN in 
response to the P501 application (Figure 9.12): p[(B vs. C) x 
spray]= 0.031*; p[(A+ vs. C) x spray]= 0.023*; p[(A,A+,B vs. 
C)spray]= 0.009**.

292



The total grain nitrogen (mg.L-1) concentration significantly 
differed (Figure 9.13), being highest for the Nitram 
treatment, followed by the BD, but also being lower in the 
control samples than in the compost treatments, according to 
the contrasts: p(manure)< 0.001***; p (A+ vs. A, B,C)<
0.001***; p(A+ vs. B)< 0.001***; p(A+ vs. C)< 0.001***; p(B 
vs. C)= 0.006**; p (A vs. B,C)< 0.001***.
The total grain phosphorus concentration (mg.L-1)
significantly differed (Figure 9.14), being higher for the BD 
and Organic treatments in relation to the Nitram treatment 
and the control, according to the contrasts: p(manure)= 
0.022*; p (A vs. B,C)= 0.008**; p(A+ vs. B)= 0.032*; p (A+ vs.
C)= 0.021*; p(A,A+,B vs. C)= 0.040*.
The total grain potassium concentration (mg.L-1)
significantly differed (Figure 9.14), being also higher for 
the BD and the organic treatments in relation to the Nitram 
treatment and the control, according to the contrasts: 
p (A, A+, B vs. C)= 0.004**; p(manure)= 0.002**; p (A vs. B,C) = 
0.002**; p(A+ vs. A,B,C) = 0.015*; p (A+ vs. B)= 0.010*; p (A+ 
vs. C)= 0.002**.

9.4. Discussion
The summer drought negatively affected the wheat in all the 
treatments inducing the lowest biomass and grain yields of 
all the three years of wheat field trials.
Considering the two compost applications (60 t.ha-1, in 
1993 and 1995) plus the green manure mulch (30 t.ha-1, in 
1994), to 2, 660 t.ha-1 soil (at a 20 cm depth, with a bulk 
density of 1.33 kg.L-1) , it can be estimated that in three 
years a total of 139.9 t of decomposed organic matter 
(discounting a 5% per year rate of mineralization, i.e., 
51.44 t compost' 93 + 28.5 t mulch + 60 t compost'95),
corresponded to an average increase of 5.26% on soil 
organic matter. Yet, despite this significantly higher 
organic matter content, and therefore higher water
retention potential in the organic and BD plots, the wheat 
development and yield in these plots was greatly reduced in 
relation to the nil and positive controls.
The initial hypothesis that birds were responsible for the
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poor wheat seedling stands (Plate 9.6, Figure 9.8, Appendix 
17) and actual low rates of plant establishment, was 
discarded on the basis that birds would have randomly 
affected all treatment plots and were excluded by the netting 
(Plate 9.3). By eliminating the other possible or potentially 
responsible factors for the poor wheat stands, the well-known 
allomonic effects of rye against other cereals are the only 
alternative cause left to consider.
Due to both material and time constraints and the agronomic 
scope of this research, it was not possible to perform 
quantitative analyses of allelochemicals in the soil plus 
organic residues, through methods like thin layer 
chromatography (TLC) or high-pressure liquid chromatography 
(HPLC). However, the frequent occurrence and effectiveness of 
these kolines in rye residues is so widely reported in the 
literature (Rice, 1984 & 1995; Mwaja et al., 1995; 
Bottenberg et al., 1997), that it is justifiably safe to 
attribute them the observed results.
Thus, the most reasonable and scientific explanation for the 
observed biomass and grain yield reductions in the organic 
and BD treatment plots was actually the inhibition of both 
germination and development by phenolic compounds. These 
consist of a complex range of allelochemicals, like cyclic 
hydroxamic, phenylacetic, 4-phenylbutyric, benzoic, 
cinnamic, p-coumaric and ferulic acids, and some specific 
allomones (e.g.; kolines and marasmines like patulin). They 
are known to be present in active concentrations on the rye 
straw and are especially detrimental to sensitive crops and 
other cereals like wheat (Rice, 1984; Bottenberg et al., 
1997). The resulting much lower plant density stands 
(Figure 9.8) were responsible for the significantly lower 
yields. Furthermore the incorporation of the remaining rye 
straw (which was still covering the soil) and of volunteer 
rye seedlings (later identified in the DGAs, as shown in 
Table 9.2 and Appendix 18) in the soil tillage before 
drilling the wheat in early March, probably enhanced the 
effect of the allelochemicals present with some even more 
potent kolines: the benzoxazinones, 2,4-dihydroxy-l,4 (2H)- 
benzoxazin-3-one (DIBOA) and its decomposition product,
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2 (3H)-benzoxazolinone (BOA), which result from the 
hydrolysis of glycosides in rye tissues, and 2,2'-oxo- 
1,1'-azobenzene (AZOB) , produced by micro-organisms in the 
presence of rye residues. All these compounds highly 
inhibit germination, shoot and root elongation at 
concentrations as low as between 0.5 and 1 g of rye 
residues per 150 g of soil, i.e, 0.33 to 0.66 % (Mwaja et 
al., 1995).
The wheat DGAs show this significantly lower vegetative 
biomass of the organic and BD mulched treatments in relation 
to the controls A and A+, illustrated in Figures 9.1 to 9.4 
by the graphic contrast between the lines representing 
interactions of the four 'manures' with the two sprays. It is 
interesting to note in Figure 9.2 how the interaction with 
P501 had a sort of "normalising" effect on the lines, 
"flattening into insignificance" the significant differences 
observed in the second sampling P2 under the water control 
spray (Figure 9.1). Similar contrasts were seen in Figure 6.9 
(Chapter 6, 1994 wheat trial, experiment 5) , regarding the 
interactions of BD compost with the nettle spray (Spiess, 
1978; Raupp & Konig, 1996).
Thus a properly chosen green manure species for rotation, 
e.g., using exclusively with a legume like vetch (V. sativa), 
would have avoided allomonic inhibition and benefited the 
wheat plants (Wickramasinghe, 1991).
The changes in the weed population composition (Table 9.3, 
Appendix 18, and Plates 9.4, 9.5 & 9.6), between the initial 
1993 visual assessment and the DGA evaluation in percentages 
of species per sample indicate a significant allomonic 
influence of the green manure rotation on the weed species.
There was a remarkable interaction between the green manure 
rotation and mulch with the organic and BD treated plots: 
wheat plants were more affected in terms of lower yields and 
there were higher weed total and average DWts, both in 
relation to the other treatments and the previous 1993 wheat 
trial (Table 9.4).
The above-discussed allomonic inhibition of the wheat by the 
rye mulch can be considered responsible for the higher weed
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growth rates under the organic and BD treatments, because of 
the reduced competition offered by the wheat plants. 
Nevertheless, the significantly higher weed biomass in the BD 
treatment plots indicates a further stimulation of growth by 
the BD preparations (Table 9.4, Plate 9.7).
The significant weed DGA differences between the treatments 
show an inverse correlation with the stand, development and 
yield of the wheat. Although some species were more abundant 
in the A &/or A+ plots (e.g.; Atriplex patula, Cirsium 
arvense), the absolute majority was in the BD (Table 9.4, 
Plate 9.7), but also in the organic plots, especially Secale 
cereale, which by inhibiting the wheat, made it much less 
competitive against other weeds (Table 9.2, Appendix 18).
These general conclusions about the response of the weed 
population to the green manure rotation and the treatment 
systems are reasonable in the context of both the (1993 & 
1995) wheat and the potato trials, to which the information 
contained in this chapter will be compared in Chapter 10. 
However, the involvement of so many weed species and their 
specific agroecological and allelopathic interrelationships 
certainly requires a specifically planned set of experiments 
comparing the evolution of the weed populations under 
different rotation systems interacting with organic, BD and 
conventional agricultural methods.
The allomonic influences of the rye rotation on the wheat, 
plus the higher weed competition were exacerbated by the hot 
and dry summer (Appendices 42 & 43) and the consequent water 
shortages, which can concentrate the effects of 
allelochemicals in the soil, resulting in reduced yields and 
quality for the wheat. Although the analytical confirmation 
of the presence of active allelochemicals would be required 
for a certain judgement, the literature offers plenty of 
information on assays using field samples and proving these 
effects (Rice, 1984 & 1995; Mwaja et al., 1995; Inderjit & 
Mallik, 1997; Bottenberg et al., 1997).
The excessive amount of weed remains mixed with the grain 
harvested from the organic and BD plots was responsible for 
the higher MC% of these treatment samples. Nevertheless, 
these higher moisture conditions did not lower the HFN values
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of either the BD or the organic flour samples. This confirms 
Perten's (1967) conclusion that the falling number, i.e., the 
alpha-amylase activity cannot be directly influenced by grain 
moisture, but is rather a consequence of the actual 
germination capability of the seeds, which mobilises the 
starch into soluble sugars.
The negative allelopathic effects of the rye residues 
magnified by the drought also interfered with the grain 
quality that was the worst of all the wheat field experiments 
carried over the three-year period: respectively the lowest 
TGW and the highest overall mean HFN values. Together, these 
features indicate a low quality, enzymatically inactive 
grain, with less stored energy and consequently less general 
vigour of the seed (Perten 1964 & 1967; Terman, 1979). It is 
interesting to note, that even considering the relative 
drought in 1995, the mean HFN values of all treatments only 
managed to reach a level as high as the Nitram treatment in 
1993 (compare Figures 9.12 and 4.5). It was only the 
interaction between certain sprays and soil treatments that 
could effectively lower the HFN values closer to the ideal 
250 score.
While the P501 spray interacted with the control, Nitram and 
organic soil treatments by lowering the HFN values, it raised 
the HFN in the BD treatment. This significantly contrasting 
opposite HFN result in relation to the other soil treatments 
can only be attributed to a distinctly sensitive condition of 
the plants that received the BD compost preparations. 
Furthermore, in an excessively dry and hot year like this, 
the P501 and silicon sprays in general are not required and 
if repeatedly applied under these conditions, can be 
detrimental (Spiess, 1979; Koepf, 1993; Koepf et al., 1996). 
That is what happened with the three spray applications made 
in this experiment: the grain that was already lacking water 
and vitality became even "deader" with the P501 stress, 
reflecting this in the lower alpha-amylase activity.
The higher total grain nitrogen content for the Nitram 
treatment is consistent with the fertilizer used, still 
reflecting in the highest HFN, as N fertilizer applications 
are known to increase crude protein while decreasing the
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alpha-amylase activity (Perten 1964 & 1967; Terman, 1979).
The higher total grain phosphorus and potassium 
concentrations of the BD and organic treatment samples are 
also consistent with the supply of these nutrients by the 
composts (see Tables 3.8 & 3.9, Section 3.5.4, Chapter 3).
The results of this 1995 wheat trial in general show the BD 
treatment once more as the "odd one out", evoking in the 
plants a sort of magnified sensitivity to either favourable 
or unfavourable conditions. This sensitivity understandably 
also applied to the weeds, which in the absence of 
significant competition by the wheat, grew more rampantly 
than under the other treatment systems. Other examples of 
this were the ideal HFN in wheat'93, the only significantly 
lower tissue browning score in potato'93, the contrasting 
response to the nettle spray in wheat'94, the contrasting 
interaction with the silica-P501 in this trial and the 
negative response to the P501 spray in the 1995 potato trial, 
which will be discussed in Chapter 10. Again, this supports 
the hypothesis of a sensitising or normalising effect of the 
BD preps, especially in the interaction between compost 
preparations, field spray and climatic conditions (Spiess, 
1979; Raupp & Konig, 1996).
Last but not least, it is interesting to note that whereas 
the influence of the rye in the rotation and mulch was 
negative for the wheat and for the expression of the 
cumulative effects of the BD and organic systems, it has 
provided additional evidence of the serious field effects of 
allelopathic interactions, to the already voluminous 
literature in terms of laboratory assays (Rice, 1984 & 1995; 
Mwaja et al.r 1995; Inderjit & Mallik, 1997; Bottenberg et 
al., 1997). This sort of results was expected from the outset 
of the experimental planning of the green manure rotations 
(Chapter 8; Section 8.2). They became more valuable in the 
comparison with the differential response of the potato crop 
to the same rotation and mulch, which will be dealt with in 
the following chapter.
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Plate 9.1. Experiment 7 - re-marking of the 1995 wheat 
the very same treatment positions of the previous years.

plots in

Plate 9
General

.2.
view of the trial, facing the Southwest.

7.
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Plate 9.4. Comparative aspect of the same field in 1993 
(Experiment 1), showing double-plots 1 (RHS) and 2, showing a 
much higher stand than the 1995 wheat trial.

.. .
Plate 9.5. General west-facing view of the 1995 spring wheat 
trial (Experiment 7), in the middle of a winter wheat crop in 
Orchard Field.

Plate 9.6. Poor stand of wheat'95 in plot 41, attributed to 
allelopathic effects of rye (Secale cereale) in the green manure 
rotation and mulch.
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P2 Manure Contrasts: p(A+ va A,B,c>- 0.002**/ 
p (A v b  B,C)- 0.024* (>ee detail* in Pig.9.3)

Figure 9.1. Wheat'95 Plant DGAs under H20 Control Spray - Stem & leaf (Pi-j) dry 
weight means in 3 sampling dates. Blind split-plot RCB Field Trial with 6 
blocks, 4 manures (Nil, Nitram, Organic and Biodynamic Composts plus Rye+Vetch 
Mulch) and 2 sprays (Silica-P501 and H20 Control). Samples of 0.0625 m2.

PI a.a.d.- 7.<8

PI LSD - 13.69

PI Interaction Contrastai 
p [ ( A+ vs A,B,C) .Spray] - 0.024*> 

pt(A+ va C).Spray]> 0.016*; 
p C(A+ va B).P501 spray]< 0.05; 
p[(A+ va B).Spray]« 0.060“

—•— Control(X) /P301 
— Hit ram ( A-f ) /P301 
—dr— Organic (B) /FS01 
—M— Blodynaalc(C)/P301

Sampling Dates

Figure 9.2. Wheat'95 Plant DGAs under Silica-P501 Spray - Stem & leaf (P1-3) dry
weight means in 3 sampling dates. Blind split-plot RCB Field Trial with 6
blocks, 4 manures and 2 sprays (Same as Fig. 9.1). Samples of 0.0625 m2.
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-9- Control (A ) 

Bitraa(A+)
-A- Organic (B)
-Mb- Blodynamic (C)

F i g u r e  9 . 3 .  Wheat'95 Plant DGAs - Comparison between Manures. Stem & leaf (P1-3) 
dry weight means in 3 sampling dates. Blind split-plot RCB Field Trial with 6 
blocks, 4 manures & 2 sprays (Same as Fig. 9.1). Samples of 0.0625 m2.

E2 Contratte p(Manure)= 0.004**; p(A va A+)<0.05* 
p(A+ V »  B)= 0.002**; p(A+ v$ C)< 0.001***, p(A,A+,B va C)< 0.019*

E2 a.a.d.- 3.58

E2 LSD -  7.64

-  Control(A) 

Nltr»m (A+) 

Organ lc(B)
- Bkxlynamlc(C)

Sampling Dates

Figure 9.4. Wheat'95 Ear DGAs - Comparison between Manures. Ear (P1-3) dry weight
means in 3 sampling dates. Blind split-plot RCB Field Trial with 6 blocks, 4
soil treatments and 2 sprays (Same as Fig. 9.1). Samples of 0.0625 m2.
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E2 Interaction Contrastai p ( A+ va A,B,C)< 0.001***; 12 s.e.d.- 4.75
see details in ria.9.6

E2 LSD - 9.67

-Control(A)/H20 
■itraa(A+)/H20 
Organic(B)/H20 

- Biodynamic(C)/H20

10 - 
23/07 (El) 08/08 (E2)

Sampling Dates

I

14/0a (E3)

Figure 9.5. Wheat'95 Ear DGAs under H2O Control Spray - Ear (Ei-j) dry weight 
means in 3 sampling dates. Blind split-plot RCB Field Trial with 6 blocks, 4 
manures and 2 sprays (Same as Fig. 9.1). Samples of 0.0625 m2.

Sampling Dates

Figure 9.6. Wheat'95 Ear DGAs under Silica-P501 Spray - Ear (E1-3) dry weight
means in 3 sampling dates. Blind split-plot RCB Field Trial with 6 blocks, 4
manures and 2 sprays (Same as Fig. 9.1). Samples of 0.0625 m2.
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—♦— Control (A)
-•— Ultra« (A*) 

Organic(B)
— Blodynamlo(C)

Figure 9.7. Wheat'95 Weed DGAs - Comparison between Manures. Weed biomass (W1-3) 
dry weight means in 3 sampling dates. Blind split-plot RCB Field Trial with 6 
blocks, 4 manures and 2 sprays (Same as Fig. 9.1). Samples of 0.0625 m2.

S1 Interaction Contrasts: p<Manure.Spray)- 0.057s1-; p[(A vs B,C).Spray]- 0.036*; p[(A,A+,B vs C).Spray]- 0.042*

Contrasta: S1 p(Manure)- 0.002**; S2 p(Manurs)< 0.001***; S3 p(Manurs)- 0.001*

23/07 (si)

32.20 32.20

oa/os (8 2)

Manure means: 
S1 o.o.d -  3.133
51 LSD -  6.677
52 a.o.d.- 3.48
52 LSD -  7.43
53 8^41.-3.10 
S3 LSD -  6.60

□  Control(A)
□  Nltram(A+)
O Organ lc(B)
□  Blodynamlc(C)

14/00 (S3)
Sampling Dates

Figure 9.8. Spring Wheat'95 Stand - Comparison between Manures. Number of plants
(S1-3) in 3 sampling dates. Blind split-plot RCB Field Trial with 6 blocks, 4 soil
treatments and 2 sprays (Same as Fig. 9.1). Samples of 0.0625 m2.
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2500 -,

Control (A) Nitraa (A+) Organic (B) Biodynaaic (C)
Manuring Syataaa

Figure 9.9. Spring Wheat'95 Yields - Mean grain yields per hectare, corrected to 
14% moisture content in blind split-plot RCB Field Trial (Same as Fig. 9.1).

Manure
Contrasts:

Harvest: p(Manure)= 0.005**; p(A+ ts A,B,C)= 0.042*; 
p (A  ts B,C)= 0.005**; p(A+ ts B)= 0.036*; p(A+ rs C )= 0.006»*

Storage: p(A+ ts B)= 0.038*
Harvest: 

s.e.d.= 0.886 
LSD= 1.844

Storage: 
s.e.d.= 0.1865 
LSD= 0.3675

□  Water (Spray B) 
DP561 (Spray C)

Control(A) Nitram(A+) Organic(B) Biodynamir(C)

Manuring Systems

Figure 9.10. Spring Wheat'95 - Grain Moisture Content means at both harvest and 
after standard cold drying and storage in blind split-plot RCB Field Trial (Same 
as Fig. 9.1).
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30 -i

Contrasts: p(Manure) ■ 0.042*; p(A v s  A + ,B,C)< 0.05*; p(A vs  B,C ) ■ 0.008** Manure means: 
s.e.d.- 0.314 
L S D - 0.669

£
O

3

Csatrsl (A ) Nltram (A+ )  Orgaalc (B)

M a n u r i n g  S y s te m  s

2»-22 21.16

B l.dy l a u  le (C )

IW  ater (Spray B) 

3P501 (SprayC)

Figure 9.11. Spring Wheat'95 TGW - Mean Thousand Grain Weight in grains, 
corrected to 14% grain moisture content in blind split-plot ROB Field Trial 
(Same as Fig. 9.1).

Manuring Systems

Figure 9.12. Spring Wheat'95 HFN - Mean Hagberg Falling Number (inverse of 
alpha-amylase enzyme activity related to baking quality) corrected to 15% 
moisture content in blind split-plot RCB Field Trial (Same as Fig. 9.1).
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Contrasts: p(Manure)< 0.001*“ ; p(B vs C)= 0.006“ ; p(A vs B,C)< 0.001*“ ; 
p(A+ vs A,B,C)< 0.001*“ ; p(A+ vs B)< 0.001*“ ; p(A+ vs C)< 0.001*“

Manure means: 
s.s.d.- 1.082 
LS D - 2.305

□  Water (SprayB)
□ P501 (SprayC)

Manuring Systems

Figure 9.13. Spring Wheat'95 Grain Total Nitrogen Concentrations - Corrected NH<- 
N contents in milligrams per litre of Dry Wheat Flour in blind split-plot RCB 
Field Trial (Same as Fig. 9.1).

P Contrasts: p(Manure)= 0.022*; p(A vs B,C)= 0.008“ ; p(A-t- vs B)= 0,032*; p(A+ vs C)= 0.021*

K  Contrasts: p(Manure)= 0.002“ ; p(A,A+ vs B,C)= 0.002“ ; p(A+ vs B)= 0.010“ ; p(A+ vs C)= 0.002”

p JC

Nitram(A+)
Manuring Systems

p  JC

Biodynamic (C)

□  Wat ar (SprayB)
□  P501 (SprayC)

Manure means:
F-asJ.-0.159 
P- LSD - 0.338 
A-S.S.d.a 0.286 
K -LSD - 0.610

Figure 9.14. Spring Wheat'95 Grain Phosphorus and Potassium Concentrations - 
Corrected P & K contents in milligrams per litre of Dry Wheat Flour in blind 
split-plot RCB Field Trial (Same as Fig. 9.1).
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Chapter 10
Potato Field Trial 1995 - Experiment 8

10.1. Introduction
In the third year of the systems approach study, after 
potatoes in 1993 (experiment 2) and a green manure rotation 
in 1994 (experiment 4), the same plots were re-planted with 
potatoes under the same split-plot RCB designs as the 
parallel wheat trial. The main-plot treatments continued to 
be the four standard soil treatments (A, A+, B & C) , as
used in the field trials of 1993. The biodynamic (C) plots 
were the only ones to receive the P500 soil spray, while 
the other plots received the mimic sprays reported in 
Chapter 3. All half-plots were blind treated with and 
without the cowhorn-silica P501 alternated with horsetail 
tea preparation, and their respective mimic sprays, also 
reported in Chapter 3 (see Appendix 41) .
This experiment served primarily to assess the influence of 
silicon based sprays on the potato quality parameters 
measured in the first two years of the study. So, in this 
trial the main objective was to test the effect of the P501 
spray on potato quality and health, its interaction with 
all the four different soil treatment systems and the 
cowhorn-manure P500 soil spray. This was meant to 
complement the 1994 potato trial, which tested only organic 
nutrient-rich sprays. The three spray treatments applied in 
this trial were:
• The soil P500 and its blind mimic controls.
•' Silica P501 and its blind water control.
• Horsetail tea - the Equisetum arvense preparation.
Additional inferences were made by comparing the 
differential responses to the green manure rotations 
between wheat and potatoes, and the possible cumulative 
effects of main-plot treatment systems.

10.2. Materials and Methods
The general methods are the same used for potato trial 1993 
(experiment 2) and described in Chapter 3.
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Kieselguhr was not added to the horsetail spray this year, 
to check its role in the late blight (P. infestans) 
control. All the treatments followed the same procedures 
and doses described in Chapter 3.
The same original plots respective to each treatment were 
easily recognised thanks to the still reasonably abundant 
mulch remains in the Organic and BD plots (B & C) . Half
plots were carefully re-demarcated by the end of winter 
1994/95, as shown for the wheat plots in Plate 9.1. Table
5.2 shows the trial's diary of activities.
Table 10.1, Experiment 8 - Potato 1995, diary of activities.

Date
08/03/95
30/03/95
04/04/95

12/04/95
04/05/95
17/05/95
17/05/95
17/06/95
11/08/95
21/09/95
21/09/95
11/10/95
12/10/95
15/11/95

_________________ Activity__________________
Plot re-demarcation & Soil tillage
Compost application & plot ridging

Potato planting & NPK application to 'A+' 
plots (Waxing Moon ascending in Bull)

P500 and its blind mimic control soil sprays
1st Horsetail preparation spraying

Cultivation by 'earthing-up' potato ridges
1st P501 prep spraying - flower buds forming

2nd Horsetail preparation spraying
2nd P501 prep spraying - tuber formation

Potato and Weed Visual Assessment
3rd P501 prep spraying - tuber ripening

Potato leaf mowing - preparing for harvest
Harvest (Waning Moon ascending in Bull)

Final Soil sampling for Nitrate and Ammonium

In this potato trial, actual DGAs of potato plants were 
taken from the two central rows that served as borders for 
the half-plots. Thus, there was no damage to the yield 
evaluations and the samples were representative of their 
half plots. Weed DGAs were separately weighed and 
identified by species. All samples were cut at the soil 
surface level and only aerial parts were collected.
In the evaluation of potato storability, besides the scores 
attributed to the % tuber cross-section area affected by
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tissue browning (each score unit = 10%) after the six month 
storage period, the percentage of tubers affected by any 
tissue browning in the five tuber samples was also 
recorded. This percentage multiplied by the yield of ware 
plus chats per hectare, was used to obtain the amount (in 
t.ha-1) of potatoes lost during the storage period 
(Appendix 25, Figure 10.13) and, by subtraction from the 
total, the net weight of marketable tubers (Appendix 25, 
Figure 10.14). E.g.; plot no. 6 (Appendix 25): one tuber in 
five with any browning = 20% "disease", times 25.37 t.ha-1 
of "ware + chats" = 5.074 t.ha-1 of potatoes lost to 
browning during storage; subtracted from the total 25.37 
t.ha-1 of "ware + chats" = 20.29 t.ha-1 of remaining 
marketable tubers.

10.3. Results
Similar to the procedures used in the 1995 wheat trial 
(experiment 7), the weed DGAs for this potato experiment 
were weighed separately per species, the most important of 
which are shown in Appendix 23.
The raw data for all the evaluated parameters are shown in 
Appendices 21 to 26 and the relevant means used for 
statistical comparisons are presented in Figures 10.1 to 
10.14.
The additional colour-codes used for distinction between 
true and mimic spray treatment results in this chapter's 
figures are the same already presented in the previous 
chapter 9 (experiment 7, wheat'95): 'blue' for the real BD 
treatment and 'brown' for the control. The same four 
standard colours used throughout this work identify the 
main-plot treatment systems (A, A+, B & C).

10.3.1. Destructive Growth Analyses
In the first potato plant DGA PL1 there were significant 
DWt differences in the interaction contrast (Figures 10.1 & 
10.2) between the two sprays and the NPK versus the other 
three manure systems {p[(A+ vs. A,B,C) x spray]= 0.050*}. 
The silica spray P501 tended to stabilise the growth lines 
and the NPK treatment to produce higher initial DWt.
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In the straightforward manure contrasts [p(manure)< 
0.001***], the important difference was between the higher 
PL1 DWts induced by NPK and the other soil treatments [p(A+ 
vs. A,B,C)< 0.001***], which is shown in Figure 10.3.
In the second plant sampling PL2, the higher biomass due to 
the NPK fertilizer continued: p(manure)= 0.004**: p (A+ vs. 
A,B,C)< 0.001***; p(A+ vs. C)= 0.002** (Figure 10.3).
In the third plant sampling PL3, the differences continued 
the same, with the NPK treatment offering the highest DWt 
in the interaction with the silica-P501 (Figure 10.2): 
p(manure.spray) = 0.033*; p [(A+ vs. A,B,C) x spray]= 0.020* 
(Figures 10.1 & 10.2).
The number of stems per potato plant was significantly 
lower in the nil fertilizer control plots in the first 
sampling PS1: p(manure)= 0.004**; p (A vs. B,C)< 0.001*** 
(Figure 10.4) . In samplings PS2 and PS3 there were no 
significant differences.
Figures 10.5 and 10.6 also show contrasting line slopes, 
representing the development of weeds in the potato plots. 
Although the first and second weed samplings (PW1 & PW2) 
showed no significant differences, in the third one, PW3, 
the weed DWt biomass responded very differently to the 
interaction between the silica P501 spray and the NPK and 
BD manures, which decreased weed dry biomass, on one side 
and with the organic and control on the other, which 
increased weed dry biomass (Figures 10.5 & 10.6): 
p [(Nil,Org vs. NPK, BD) x spray]< 0.001***; p(manure.spray) = 
0.007**; p[(A+ vs. A,B,C) x spray]= 0.010*. So, there was a 
significantly different weed response between the organic 
and BD systems in their interaction with P501: p[(B vs. C) 
x spray]= 0.015*.
As mentioned in Chapter 9, Section 9.3.2 the statistical 
analysis of a great number of different weed species would 
require a non-parametric statistical approach that would 
hardly yield any significant information to interpret 
treatment differences. So, the specialised statistical 
advice was to show comparative tables of means with the 
individual contrasts of interest for the experimental
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design and research objectives (Pearce, 1992; Dr. Trudy 
Watt and Mr. Alan Clewer, personal communication 1995).
The contrasts of interest between treatment systems for 
individual weed species taken in the DGA samples offered 
some significant differences (Table 10.2, Appendix 23).
Table 10.2. Mean biomass dry weights (g) of weed species in 
potato trial' 95 which offered at least one significant contrast 
between the soil treatment systems (A= control, A+= N P K , B= 
organic, C= BD) and their interactions with the silica P501 and 
the water control sprays. Different letter indexes (a, b, c, d) 
indicate significantly different values.

Weed 
DGA No.

species,
& Contrasts

Treatment DWt (g) means
A A+ B C

Statistical
differences
SED LSD5I

E l y m u s  r e p e n s  1 5.8a 11.3ab 9.9ab 15.0b 3.47 7.39
E l y m u s  r e p e n s  1 contrasts: p(A vs. B,C) = 0.043*; 

p (A ,A+ ,B vs. C)= 0.050*
R u m e x  sp 3 x water 0.1 7.6 0.00 0.00 3>gl 7>75
R u m e x  sp 3 x P501 5.13 0.0 4.87 0.11

R u m e x  sp 3 interaction contrast: p [(A+ vs. A,B,C) x spray] = 0.017* 
C o n v u l v u l u s  a r v e n s i s  1 0.158 0.002 0.000 0.837 0.437 0.93

C o n v u l v u l u s  a r v e n s i s  1 contrast: p(A,A+,B vs. C)= 0.044*

The main species composition of the weed population also 
changed in relation to the original situation of the plots 
in 1993, even more significantly in this trial (Table 10.3) 
than in relation to the wheat plots. Plates 5.2 and 5.3 in 
Chapter 5 illustrate the weed species contrast (at a 
similar crop growth stage) in terms of population 
composition between 1993 and 1995; i.e., before and after 
the green manure rotation of 1994. Further evidence of the 
significantly lower weed incidence per unit area is shown 
in the final stage of potatoes'95 (just before harvest) in 
Plates 10.1, 10.4, 10.7 and 10.10. The predominant weed 
species identified (visual assessment of the mean of three 
samplings using a 0.25m2 quadrat) in the 1993 potato trial 
were largely replaced by significantly lower densities of 
more competitive species, as shown in Table 10.3 and 
Appendix 23.
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Table 10.3. Comparative predominant species % of total weed 
population stands in potato trials of 1993 (visual assessment) 
and 1995 based on the average grand means (GM) of three DGAs.

Weed species in 
1993

% Weed species in 1995 GM
(g) %

Papaver rhoeas 
(corn poppy) 22 Elymus repens 

(couchgrass) 9.2 50.7

Stellaria media 
(chickweed) 17 Rumex sp 

(dock) 3.6 19.8

Polygonum aviculare 
(knotweed) 14 Cirsium arvense 

(creeping thistle) 2.2 12.2

Sinapis arvensis 
(charlock) 12 Sonchus arvensis 

(per. sowthistle) 2.18 12

Rumex sp 
(docks) 10 Chenopodium album 

(fat hen) 0.3 1.6

Poa annua 
(meadow grass) 8 Atriplex patula 

(orache) 0.2 1.1

Chenopodium album 
(fat hen) 7 Convulvulus arvensis 

(field bindweed) 0.17 0.9

Matricaria spp 
(mayweed) 4 Tussilago farfara 

(colt's foot) 0.1 0.55

Lamium purpureum 
(red dead nettle) 3 Papaver rhoeas 

(corn poppy) 0.09 0.49

Cirsium arvense 
(creeping thistle) 2 Stellaria media 

(chickweed) 0.08 0.44

Galium aparine 
(cleavers) 1 Galium aparine 

(cleavers) 0.04 0.22

Comparing Experiments seven and eight - two different crops 
in two different, though very similar sites (see soil 
analyses in Tables 4.1 and 5.1, Chapters 4 and 5 
respectively) provides an interesting inference on the 
effects of the same treatments and their interaction with 
the green manure rotation.
A comparison between the wheat and the potato trials of 
1995 was made in terms of means of the weed DWts obtained 
from the DGAs. It showed a significant increase in the weed 
infestation in the Nitram and the BD treated plots after 
the green manure rotation and mulch, while the control and 
the organic treatment remained in the same level of weed 
biomass production (Table 10.4).

313



Table 10.4. Comparative means per treatment of the weed DWts
obtained from the 1995 wheat (W) and (P) potato trials' DGAs.

DGA Treatment DWt (g) Means per Trial
Number Control Nitram Organic BD SEDs

W P W P W P W P W P
1 17.8 18.7 20.2 23.5 17.8 12.2 23.0 30.9 7.01 10.01
2 6.1 17.9 13.0 26.9 14.1 11.8 20.4 24.2 4.57 10.94
3 10.8 15.0 20.5 13.8 19.9 12.9 28.1 13.0 8.69 4.64

Total 34.7 51.6 53.7 64.2 51.8 36.9 71.5 68.1 - -
Average 11.6 17.2 17.9 21.4 17.3 12.3 23.8 22.7 - -

10.3.2. Yields and Quality
The yields in terms of both FWt and DWt presented 
significant differences between main-plot fertilizer 
treatments, the silica spray versus water control and their 
interaction (Figure 10.7). The most interesting effect 
observed is the opposite response of the BD manure system 
to the interaction with the silicon based sprays, very 
significantly decreasing fresh and dry yields (Figure 10.7) 
while the three others had small increases, though non
significant (LSDs5%: Fwt= 6.393g and DWt= 1.295g). This is 
expressed in the following significant contrasts:
• In terms of FWt, the BD treatment presented a decrease,

in contrast to the three other treatments {p[(A, A+, B 
vs. C) x spray]= 0.003**; p[(B vs. C) x spray]= 0.026*}; 
and the nil control yielded significantly less than the 
others [p(A vs. B,C)< 0.001***; p(manure)= 0.003**;
p(manure.spray)= 0.020*].

• In terms of DWt, the BD treatment also presented a 
decrease, in contrast to the three other treatments 
{p [ (A, A+, B vs. C) x spray] = 0.004**; p[(B vs. C) x 
spray]= 0.035*; p (manure.spray)= 0.030*} and the control 
also yielded significantly less than the others
[p(manure)= 0.004**].

In terms of DM% (Figure 10.8), there was a significant 
overall difference among manuring systems [p(manure)= 
0.005**] and the nil fertilizer control presented the 
highest DM% values [p(A vs. B,C)< 0.001***]. The BD system 
also gave a significantly opposite response in the 
interaction with the silica sprays, increasing DM% while
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NPK decreased it and the organic system did not respond: 
p[(A+ vs. C) x spray]= 0.041*; p[(A, A+, B vs. C) x spray]= 
0.037*. The control showed a borderline DM% increase, which 
offered a significant contrast when averaged with the BD 
against the other two: p[(A,C vs. A+, B) x spray]< 0.05*.
The FWt and DWt ware yields (Figure 10.9) offered very much 
the same equivalent picture of the total yields, with the 
BD system again decreasing yields in the interaction 
response to the silica sprays, while the others increased 
them, at similar levels of statistical significance in the 
various contrasts.
The same opposite interaction response to the sprays by the 
BD system happened in terms of "chat" fresh and dry yields. 
The nil control and NPK systems produced significantly 
higher amounts of small tubers than the organic and BD 
(Figure 10.10) .
Pest damage was significantly higher in the organic system 
and was significantly reduced by the silica P501 spray. The 
BD system also suffered significantly higher pest damage 
than both controls, although this did not affect the 
comparatively higher ware yields of marketable tubers for 
both organic and BD systems (Figures 10.11 & 10.9).

10.3.3. Storage Quality
The comparative tissue browning scores (each score unit = 
10%) were measured through the % of darkened cross-section 
areas of five tuber samples for the different treatments 
(Figure 10.12). Repeating the situation observed in the 
potato trial 1993, the BD system had the significantly 
lowest levels of browning {p[(A, A+, B vs. C) x spray] = 
0.033*}, while the nil control suffered the highest losses 
[p(A vs. B,C)= 0.005**; p(manure)= 0.032*]. The opposite BD 
response to the silica sprays also showed here, with the 
significant contrast shown above between the increase in 
tissue browning by the P501 spray in the BD samples and the 
decrease in the other soil treatment systems.
The straightforward calculations shown in Section 10.2 of 
the tissue browning on a per hectare basis (Figure 10.13),
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presented striking loss reductions for the BD and organic 
systems: p(manure)< 0.001***; p (A+ vs. A,B,C)< 0.001***; 
p (A vs. B,C)= 0.013*; p (A+ vs. B) < 0.001***; p (A+ vs. C)< 
0.001***. These results were even more significant in terms 
of DWt, as shown in Table 10.5.
Table 10.5. Mean dry weights (kg.ha'1) of storage browning 
affected tubers in potato trial'95 and significant contrasts of 
interest between the four soil treatment systems and their 
interactions with the silica P501 and the water control sprays.
Different letter 
different values.

indexes (a, b, c, d) indicate significantly

Comparisons and 
Contrasts

Treatment DWt (kg.ha'1) means Statistical
differences

Control N P K  Organic BD SED LSÜ5í
Manures 3.24b 4.47a 1.77c 1.57c 0.54 1.15

[p(manure)< 0.001***; p (A+ vs. A,B,C)< 0.001***; 
p (A vs. B,C)= 0.004**; p(A,A+,B vs. C)= 0.003**]

Interaction H20 
Interaction P501

3.22 4.60 1.59 2.05 
3.27 4.33 1.95 1.09

0.778 1.58

Sprays H20 =2.86 P501 =2.66 0.396 0.826
When comparing means inside the same Manure(s) 0.792 1.653

Figure 10.14 shows the results of the calculations 
explained in Section 10.2, for the net amount of after 
storage remaining marketable tubers per hectare, which also 
greatly favours the BD and organic systems both in FWt and 
DWt terms: p(manure)< 0.002**; p(A vs. B,C)< 0.001***; p (A+ 
vs. B) = 0.018*; p(A+ vs. C) = 0.023*; p[(A, A+, B vs. C) x 
spray]= 0.017*.
The visual assessment of the potato plants and weeds is 
shown in Appendix 2 5 and confirms the results obtained in 
the DGAs, yields and quality evaluation. The control 
treatment plants were significantly less vigorous (mean 
score = 2.66) than the other three (mean scores > 6) and 
the same contrast applied for canopy cover and drought 
resistance. The treatments did not significantly differ in 
terms of growth form.
Plates 10.1 to 10.12 illustrate both the field appearances 
of the plants under the different treatments by the time of 
the visual assessment (21/09/95) and the state of the 
tubers after storage and during the tissue browning
evaluation.
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10.4. Discussion
Figures 10.1 and 10.2 show a remarkable graphic contrast 
due to the interaction between the soil treatment systems 
and either the silicon (P501 & Horsetail) or the mimic 
sprays. Similar to what was observed in Figures 9.1 and 9.2 
of the parallel wheat trial'95, the silicon based sprays 
seem to play a stabilising role in the plants' growth 
(Spiess, 1978; Raupp & Konig, 1996).
The silicon sprays had a very remarkable interaction with 
the BD manuring system in terms of yield responses. While 
all the other systems responded to P501 with a small fresh 
and dry yield increases, the BD system reached the top 
yield levels (32.31 t.ha-1) with the water control spray, 
which sharply decreased (22.67 t.ha-1) under the silicon 
sprays.
This shows the importance of the right interaction between 
BD preparation applications and the weather conditions and 
requirements, providing evidence that even diluted silica 
sprays like P501 can be detrimental to yields when applied 
in the wrong context.
As the weather conditions already provided more than enough 
warmth and light, the response of the plants to the 
excessive silica applications was to further increase dry 
matter content, but decrease the yields. It is very 
interesting that only the BD compost treatment system was 
sensitive enough to respond so drastically to the sprays.
Despite 1995 being the hottest and driest summer of the 
three years of this study to which field trials were 
exposed (Appendices 42 & 43), DM% values were lower than in 
the previous years. On the other hand, yields were higher 
than on the 1993 and 1994 trials, except for the nil 
fertilizer control plots, which produced much less than in 
1993, as expected from plots cultivated for three years 
without any fertilizer. This shows that the experimental 
design succeeded in detecting the medium term effects of 
the systems and that potato plants were not excessively 
stressed by the drought.
No late blight damage was noticed either in the field or in
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the stored tubers and the leaf senescence noticed 
especially in the control plots by the end of the season 
was actually due to drought. This offers an example of the 
possibility of continued potato cultivation without 
fungicides and suggests an effective suppression of plant 
diseases by compost, biodynamic and allelopathic techniques 
and practices (Hoitink et al., 1995; Howard, 1940b; 
Hoekstra, 1989; Sattler & Wistinghausen, 1992) .
The striking advantage of the BD and organic systems in 
terms of net yield of marketable tubers after a long 
storage period has important economic implications for 
potato producers and for the conversion to sustainable 
potato production methods. It shows that using high quality 
organic fertilizers, like compost with a good average 
nutrient element content, can not only produce competitive 
yields, but give farmers an economic advantage for storing 
produce until market prices are favourable. Besides, 
healthy tubers indicate a higher biological quality of the 
potatoes, which do not need to rely on pesticides to 
prevent diseases and pests.
The significant contrasts between the BD soil treatment 
system and the others in relation to the opposite 
interaction with silica spray P501 confirms the previous 
results from the other trials, indicating that the BD 
compost preparations and sprays have a significant 
metabolic regulation effect on both yield and quality. This 
can be explained through the nutrient uptake balancing or 
normalisation, and through interactions between elements 
like silicon and phosphorus for a more efficient plant 
growth and health (Spiess, 1978; Raupp & Konig, 1996).
The observed changes in weed species composition in the 
plots is linked to both the rotation regime and the soil 
tillage and cultivation methods. The most remarkable aspect 
identified in this context was the predominance of 
'couchgrass' (Elymus repens), which was not found in 1993, 
over the other weeds. Papaver rhoeas (corn poppy), 
Stellaria media (chickweed), Polygonum aviculare (knotgrass 
or knotweed) and Sinapis arvensis (charlock) were largely 
replaced by Rumex sp (dock), Cirsium arvense (creeping
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thistle), and Sonchus arvensis (perennial sowthistle).
It is interesting to consider that these emerging 1995 
weeds, specially Elymus repens, which is a grass, where not 
negatively affected by the rye and vetch rotation and 
mulch. An aggressive grass like Elymus repens, vegetatively 
resilient weeds like Rumex sp and Cirsium arvense, a 
climbing weed like Convulvulus arvensis (not found in 1993) 
and a tall Compositae, with flying wind-carried seeds, like 
the thistles and Sonchus arvensis, would understandably be 
more capable of surviving the rye plus vetch competition 
and mulch, at least for one growing season, better than the 
smaller and more prostrate weeds (e.g.; Stellaria media, 
Polygonum aviculare and Sinapis arvensis). After the 1994 
green manure rotation the 1995 weed population tended to be 
more concentrated in four main species than in 1993. 
However, this could well be part of a changing pattern, 
which anyway should lead to less weed infestation if proper 
green manure rotations and minimal cultivation techniques 
continued to be applied.
These results indicate complex and specific allelopathic 
interactions of either stimulation or inhibition. 
Furthermore, there were no differences between manuring 
systems alone in terms of total weed biomass, despite the 
green manure rotation that had completely suppressed weeds 
in 1994. This means that the ground cover must be 
maintained and renewed for a much longer and continuous 
period to effectively '“clean out" weeds (Almeida, 1988; 
Calegari, 1995).
The fact that potatoes did not show any of the detrimental 
effects from the rye (Secale cereale) rotation and mulch, 
observed on the 1995 wheat plots, can be attributed to the 
fact that plants of the Solanaceae family are not listed 
among the sensitive species to the kolines produced by the 
decomposition of cereal straw, like the rye residues 
(Almeida, 1988; Rice, 1984 & 1995; Mwaja et al., 1995; 
Bottenberg et al., 1997).
No specific additional allelopathic benefit from the green 
manure rotation and mulch to the organic and BD treatment 
systems could be detected. The detectable interaction was
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the benefit of the higher organic matter addition to the 
soil, which visibly enhanced the plants' resistance to 
drought in relation to the control, but equivalent to the 
NPK treatment. Remarkably, neither rye nor vetch was found 
in the weed DGAs, as happened in the wheat plots in 1995. 
This can only be attributed to a mechanism of allomonic 
exclusion by the potato crop, for the rye and vetch mix was 
mulched at the same time in both the potato and the wheat 
plots in 1995 (see Table 8.1).
However it must be remembered that, despite the water 
shortages, the 1995 yields were the highest of the three 
years of potato trials in the NPK, organic and BD plots, 
while it was the lowest of the three years in the nil 
fertilizer control plots: 62.85% of the 1993 Pentland Crown 
control yield. This building up of fertility in the plots 
can be partially attributed to the green manure rotation, 
as a significant contribution to the compost applications 
in the building-up of soil organic matter and general 
fertility.
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Plate 10.1. Control half-plots 14a (P501 spray, mostly senescing 
plants) and 14b (water control spray, less senescing plants).

plate 10.2. Sprouting conditions of the six month stored coded 
samples 7 = half-plot 2a (NP K  + P501 spray), 28 = 6b (control + 
water spray) and 37 = 20b (control + P501 spray).

plate 10.3. The same as above for coded samples 21 = half-plot 
16a (NPK + P501 spray), 40 = 9a (control + water spray) and 35 = 
19a (NPK + water spray).

321



Plate 10.4. NPK treated half-plots 16b (LHS, water spray, darker 
green) and 16a (P501 spray, lighter green, more upright plants).

Plate 10.5. Comparative browning scores between coded samples 4 
(control half-plot 14b: 3, 3, 3, 2.5 and 0.5) and 15 (NPK plot 
16b: 3, 3, 2, 0.5 and 0), both water sprayed.

plate 10.6. Comparative browning scores between coded samples 31 
(control half-plot 23b: 4, 3.5, 3, 2 and 1.5; water sprayed) and 
32 (control half-plot 23a: 4, 2, 1, 0.5 and 0; P501 sprayed, 
showing less tissue browning).
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Plate 10.7. Organic half-plots lib (LHS, water spray, darker 
green) and 11a (P501 spray, lighter green, faster senescing
plants).

Plate 10.8. Comparative browning scores between coded samples 39 
(organic half-plot 22a: 0.5 and 0 for the rest) and 38 (control 
plot la: 0.5, 0.2, 0.1, 0 & 0), both water sprayed.

Plate 10.9. General view of the potato plots in midsummer'95, 
showing the contrast between control plots 'la & b' (1st on LHS) 
and NPK treated '2a & b' (darker green) behind it. Weeds were 
satisfactorily controlled through mechanical ridging.
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Plate 10.10. BD half-plots 4a (water spray, lighter green, 
taller plants) and 4b (P501 spray; darker, senescent plants).

Plate 10.11. Comparative browning scores between coded samples 
12 (control plot 20a) and 11 (BD plot 4a), both water sprayed.

Plate
27 (BD

10.12. Comparative browning scores between coded 
plot 4b) and 42 (NPK plot 21b), both P501 sprayed.

samples
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Contrasta: P L I  p[(A+ va A,B,C).HaO]< 0.05*; P L 2  p[(A+ va A,C).HaO]< 0.05*; 
P L 3  p[(A va B) .Ha0] < 0.05* (compara with Fìff.10.3)

Sampling Dates
Figure 1 0 . 1 .  Potato'95 Plant DGAs under H2O Control Spray - Mean plemt dry 
weight biomass (PL1-3) in 3 sampling dates. Blind split-plot RCB Field Trial 
with 6 blocks, 4 manures (Nil, Nitram, Organic and Biodynamic Composts plus 
Rye+Vetch Mulch) and 2 sprays (Silica-P501 and H20 Control). Samples of 0.0625 
m .

Interaction Contrastai P L I  p[(A+ va A,B,C).Spray]- 0.050*;
P L 3  p (Manure.Spray)- 0 .03 3* ;  p[(A+ va A,B,C).Spray]- 0 .0 2 0 * ;  p[(A+ va B).Spray]■ 0 .004**

Sampling Datas

Figure 10.2. Potato'95 Plant DGAs under Silica-P501 Spray - Mean plant dry
weight biomass (PL1-3) in 3 sampling dates (same experiment as Fig. 10.1).
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Contrasts: P L I p(Mainire)< 0.001 •*•; p(A+ vs A or B or C)< 0.001***;
P12 p(Manure)= O.MM'**; p(A+ w A,B,C)< 0.00I*’ *; p(A+ vs B)= 0.#53,L ; p(A+ vs C)= 0.002**

Figure 10.3. Potato'95 Plant DGAs Manure Comparison 
plant dry weight biomass (PL1-3) in 3 sampling dates 
10.1) .

Main treatment means of 
(same experiment as Fig.

s
•p
CO

*w
0

Sampling Dates

Figure 10.4. Potato'95 Mean Number of Stems (PS1-3) per potato plant in DGAs
(Manure Comparison) taken in 3 sampling dates (same experiment as Fig. 10.1).
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Sampling Datas
Figure 10.5. Potato'95 Weeds under H2O Control Spray - Mean weed dry weight 
biomass (PW1-3) per 0.0625m2 quadrat, in 3 sampling dates (same experiment as 
Fig. 10.1) .

P W 3  Interaction Contractai p(Manora.Spray)« 0.007**# p[(A+ va A,B,C).Spray]- 0.010**# 
p[(B va C).Spray]« 0.015*# p[(A+ va B).Spray]« 0.003**# p[(A+,C va A,B).8pray]< 0.001***

Sampling Dates
Figure 10.6. Potato'95 Weeds under Silica-P501 Spray - Mean weed dry weight
biomass (PW1-3) per 0.0625m2 quadrat, in 3 sampling dates (same experiment as
Fig. 10.1).
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FWt Contrasts: p< Manure)* 0.003**; p(A rs B,C>< 0.(101***; p(Manurc.Spray)= 0.(1211*;
p[(B vs Q.Spray]* 0.026*; p[(A+ vs C) .Spray]* 0.004**; pI(A,A+,B vs C).Spray]> 0.003**

DWt Contrasts: p(Manure)= 0.004**; p(A+ vs A,B,C)= 0.031»; p(A vs B,C)= 0.002**; p(Manurc .Spray)* 0.030*; 
p[(B vs C).Spray]= 0.035*; p[(A+ vs C) .Spray]* 0.008**; p[(A.A+,B vs C).Spray]* 0.004**

Control (A) NPK (A+) Organic (B) Biodynamic (C)
Manuring Systems

□  Water control

□  PS01 spray

FWt means 
Manure; 

S.C.IÌ.- 3.304 
LSD* 7.042 
Interaction: 
s.e.d.* 3.951 
LSD* 8.108

DWt means 
Manure: 

s.e.d.= 0.679 
LSD* 1.447 
Interaction: 
«.e.d.= a  808 
LSD* 1.660

Figure 10.7. Potato'95 Yields - Mean tuber fresh and dry weights in metric 
tonnes per hectare (same experiment as Fig. 10.1). When comparing means with 
the same level(s) of manure: FWt-LSDs* = 6.393 and DWt-LSD5% = 1.295.

Contrasts: p(Manure)= 0.005**; p(A vs B,C)< 0.001***; Interactions - p[(A ,C  ri A+,B).Spray]<0.05*; 
p [(A+ vs A,B,C)-Spray|= 0.046*; p [(A+ vr C).Spray]= 0.041*; p[(A,A+.B vs O .Sprayl* 0.037*

26 -i

Control (A ) NPK (A+) Organic (B ) Biodynamic (C )

□  W ater control

□  P501 spray

Manure: 
s.c.d.= 0.452 
LSD* 0.963 
Interaction: 
s.e.d.= 0.607 
USD* 1.235

Manuring Systems

Figure 10.8. Potato'95 Mean Tuber Dry Matter Contents using the Hydrometer 
(same experiment as Fig. 10.1). When comparing means with the same level(s) of 
manure LSDs% = 1.196.
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FWt Contrasts: p(Manure>- 0.001 p(A w B.C'K 0.001***; p<M«nure.Sprayy. 0.007**;
p((B vs CVSprayl— 0.006**; pI(A+ w O-Sprayl- 0.001***; p[(A,A+,B vs C)-Spray]< 0.001*»

DWt Contrasts: plManurr)- 0.002**; p(A vt B.CK 0.001***; plManure-Spray)- O.OOB**; 
p[(B vt Cl^pray]- 0.006**; p[(A+ vt C^prayl- 0.002**; p|(A,A+,B v> CtSprayN 0.001***

M anuring Systems

Figure 10.9. Potato'95 mean yields of Ware quality tubers: fresh and dry 
weights in tonnes per hectare (Same experiment as Fig. 10.1). When comparing 
means with the same level(s) of manure: FWt-LSD5»= 5.374 and DWt-LSD5%= 1.075.

FWt Contrasts: p<Manure>- 0.022*; p(A m  B .O - 0.003**; 
p((A+ vs A,B,C).Sprayl= 0.042**; p|(A+ vs C).Spray]-  0.034*

DWt Contrasts: p(ManureV 0.005**; p(A re B,C)< 0.001***; 
p[(A+ vs A.B,C).Sprayl= 0.020*; p|(A+ vs C). Spray |- 0.026*

FWt DWt

Control (A )

FWt DWt
NPK (A+)

FWt DWt

Organic (B)

FWt DWt

Biodynamic (C)

FAVI means 
Manure: 

s.e.d.3 0.556 
LSD- 1.184 
Interaction: 
s.e.4.- 0.64« 
LSD- 1J29

□  Water control

□  P501 spray

DWt means 
Manure; 

s.e.<L- 0.1226 
LS D -0.2614 
Interaction: 

s.e.d.-0.1495 
LSD- 0.3062

Manuring Systems

Figure 10.10. Potato'95 "Chat" Yields - Mean fresh and dry weights in tonnes 
per hectare of tubers smaller them 40 mm of diameter (Same experiment as Fig. 
10.1). When comparing means with the same level(s) of manure: FWt-LSDs%= 0.970 
and DWt-LSDs*= 0.2524.
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FWt Contrasts: p(Manure>= 0.001***; p(A M B .C k 0.001 *••; p(B , i  Q =  0.009«; p(A+ n  B)=0.007*«; 
p [(A + »j A,B,C).Spray)= 0.047*; p[(A+ vs B (.Spray 1= 0.038»»; p[(A+ fs C).Spray|= 0.048*

DWt Contrasts: p(Manure)= 0.002«; p(A «  B,C)= 0.001»**; p(B ra C)= 0.011»; p(A+ „  B)= 0.012»; p((A+ »  B (.Spray (=0.038*

B  W ater control 

B  P501 spray

%  Contrasts: 
p< Manure )= 0.010»*; 
p tA ri B,C(= 0.011»; 
p (B n  C>=03)28»; 

p[(A+ rs B)=a006»»; 
p((A+ m  B).Spray]= 

0.037»

Figure 10.11. Potato'95 Pest Damage - Fresh & Dry weights and Percentage of 
damaged tubers (same experiment as Fig. 10.1). When comparing means with the 
same level(s) of manure: FWt-LSD5%= 1.561, DWt-LSD5%= 0.3287 and %LSD5»= 4.865.

Contrasts: p(Mantirt)= 0.032»; p(A n  B,C)=0.005»»; p[(A,A+,B rj C).Spray]= 0.033»

Manure:
s.e.d.= 0384 
LSD= 0.818 
Interaction:

Control (A) NPK (A+) Organic (B) Biodynamic (O

Manuring Systems

Figure 10.12. Potato'95 Tissue Browning scores after a six-month storage 
period in double-blind split-plot field trial. Scores 0-10 are equivalent to 
0-100% (one score unit = 10%) of affected tuber cross-section area (same trial 
as Fig. 10.1). When comparing means with the same level(s) of manure, LSD5%= 
0.991.
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M anuring  Systems

Figure 10.13. Potato'95 Tissue Browning per hectare - losses per ha estimated 
through the percentage of tubers affected by tissue browning in samples after 
six month storage, multiplied by the yield of Ware + Chats (see Appendix 25, 
same trial as Fig. 10.1). When comparing means with the same level(s) of 
manure, LSDs%= 7.422.

FWt Contrasts: p(Manure) = 0.002**; p(A vs B.C) < 0.001***; p(A+ vsB) = 0.020*; p(A+ vs C )>  0.024*; p<A,A+,H w Q -  0.019*

FWt Contrasts: p(Manure) = 0.002**; p(A «  B.C) < 0.001***; p(A+ r B ) .  0.018*; p(A+ n  C )-  0.023*; p (\ .\ . ,H  vs Q  = 0.017*

I Water control 

IP501 spray

FWt means 
Manure: 

s.e.<L- 3.724 
LSD-7.938 
Interaction: 
s.e.«L- 4.442 
LSD-9.117

Manuring systems

DWt means 
Manure: 

s.e.d.- 0.767 
LSD- 1.636 
Interaction: 
s.e.<L= 0.922 
I.SD- 1.890

Figure 10.14. Potato'95 Marketable Tubers - Fresh and Dry Weights per ha of 
good remaining tubers unaffected by tissue browning in samples after six month 
storage, obtained by multiplying the percentage of good tubers in the samples 
by the yield of Ware + Chats in FWt and DWt (see Appendix 25, same trial as 
Fig. 10.1). When comparing means with the same level(s) of manure: FWt-LSD5%= 
7.141 and DWt-LSD5»= 1.505.
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CHAPTER 11
Glasshouse Wheat 1996 - Experiments 9 and 10

11.1. Introduction
The significant results, regarding the effects of the 
different BD compost preparations and sprays, obtained from 
both the wheat and the potato field trials in the three years 
between 1993 and 1995, raised the question of verifying if 
the observed effects were dose or concentration dependent. In 
•such case, properly designed factorial experiments under 
controlled conditions could possibly identify which dilutions 
would be the most effective for the attainment of desirable 
results (Deffune, 1990).
In the wheat glasshouse experiments of 1996, pot plants grown 
in a standard substrate were treated with different dilutions 
of sprays, which produced significant effects in the field 
trials. Two sets of factorial experiments were performed: one 
testing different sources of silicon, the other different 
preparations of organic extracts.
The trials were carried in one of the cubicles of Wye 
College's experimental glasshouse network, as shown in Plate
11.1.

11.2. Materials and Methods
Two complementary glasshouse trials used wheat plants (T. 
aestivum, var. Canon) cultivated in a standard pot mixed- 
substrate made by Pan Britannica Industries, Waltham Cross, 
Herts.
The substrate consisted of 300 L of Irish Moss peat, plus 75 
L of sand/grit, plus 1 bag (2.72 kg) of Bio P Base compound 
fertilizer (6.8:2.5:6.1). The total ammonium nitrate N in the 
2.72 kg is 6.8%; 2.5% P205 (P= 1.1%); 6.1% K20 (K= 5.1%);
10.5% MgO (Mg= 6.3%); B= 0.13%; C= 0.13%; Fe= 0.85%; Mn= 
0.17%; Zn= 0.27%; Mo= 240mg/kg. Peat conditioner-neutralising 
value (CaO) is 51.3%.
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Wheat seedlings were pre-germinated for ten days before 
transplant, in four plastic trays sown with 180 seeds each 
using the same above described substrate. Plastic pots of 12 
cm of diameter were used to transplant identically vigorous 
pre-selected wheat seedlings, one plant per pot.
Trials were set up as factorial experiments to study the 
individual effects of different extracts in a range of 
dilutions:
• Experiment 9 - Silicon Sprays Glasshouse Trial 1996,

testing 3 silicon based sprays (P501, kieselguhr & 
horsetail) with a water control, under five sequential 
dilutions (10%, 5%, 1%, 83 & 8.33 ppm).

• Experiment 10 - Organic Sprays Glasshouse Trial 1996 -
testing 4 organic sprays (P500, blind coded compost 
extracts 'X* & ' Y', and nettle water) with a water control, 
under four sequential dilutions (10%, 1%, 0.33% & 0.03 %).

The cubicle was maintained at a stable controlled temperature 
around 20° C (± 2° C) and 75% RH (relative humidity) . 
Controlled lights provided a fixed "day-length" of 14 hours. 
Irrigation was done once daily, through the soaking of the 
felt mat upon which pots were placed. No chemicals were used 
in the glasshouse, which was managed entirely using a 
biological control programme.
Wheat plants were periodically sprayed and assessed through 
phenological measurements (Plate 11.2). They were left to 
complete their full life cycle and harvested after the ears 
had ripened (Plates 11.3 & 11.6).
Sequential dilutions of the sprays were prepared form the 10% 
stocks which were kept refrigerated at 5° C for the compost 
extracts, Equisetum arvense and Urtica dioica and were 
prepared immediately before the treatments for the 
Diatomaceous Earth, P500 and P501. Dynamizations were done by 
sucussion inside the same hand-sprayers used for application. 
Volumetric cylinders of 5, 10, 50, 100, 500 and 1000 ml of
capacity were used to calculate and perform the various 
dilutions. De-ionised reverse-osmosis water was used and the
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procedures were all done at the glasshouse facilities (Plates
11.4 & 11.5). The hand sprayers were used exclusively for one
type of spray and there were separate sets of measuring
cylinders for each experiment, which were always washed three
times with de-ionised water in between dilutions of different
sprays. The range of dilutions chosen were meant to include
in their approximate middle, the usual field concentrations
used for the tested sprays (see section 3.3 3.4.1 & 3.6,
Chapter 3). Table 11.1 shows the trials' diary of activities.
Table 11.1. Experiments 9 and 10 - Glasshouse Wheat 1996, 
diary of activities.____________________________________________

Date Activity
16/07/96

16-20/07/96
19/07/96
26/07/96

29/07/96

Sowing of four germination trays 
Preparation of the pots with the mixed-substrate 

Emergence of seedlings
Transplanting of selected seedlings to Experiment 

9 (Waxing Moon descending in Lion)
Transplanting of selected seedlings to Experiment 

10 (Waxing Moon ascending in Archer)
31/07/96
02/08/96
05/08/96
08/08/96
12/08/96
19/08/96
22/08/96
02/09/96
14/09/96
16/09/96
26/09/96
27/09/96
30/10/96
20/12/96

Replacement of 12 plants 
Last check-up of growing plants 

First measurements for both experiments 
1st spraying for both experiments 

2nd measurements for both experiments 
3rd measurements for both experiments 

2nd spraying for both experiments 
4th measurements for both experiments 

3rd spraying for both experiments 
5th and last measurements for both experiments 
4th Silicon preps spraying for experiment 9 
4th Organic preps spraying for experiment 10 
5th and last spraying for both experiments 

_________ Harvest for both experiments ___

Tables 11.2 and 11.3 show the general design and numbering of 
the pots. These were distributed according to a complete 
block randomisation, shown in Appendices 27 and 28.
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Table 11.2.
Experiment

General design 
9.

of Glasshouse Wheat 1996 Factorial
Pot Numbering ;for Each of the 6 Blocks

Spray P501 Kieselguhr
Diatomaceous Eqvisetum Deionized

Concentration (Quartz) Earth arvense Water
10% 1 6 11 16
5% 2 7 12 17
1% 3 8 13 18

8 3 ppm 4 9 14 19
8.33 ppm 5 10 15 20

Table 11.3 . General design of Glasshouse Wheat 1996 Factorial
Experiment 10.

Pot Numbering for each of the 6 blocks
Spray

Concentration
P500 (horn- 
manure )

Compost 
treat X

Compost 
treat Y

Urtica
Dioica

10% 1 5 9 13
1% 2 6 10 14

0.33% 3 7 11 15
0.03% 4 8 12 16

Sprays were applied with two squirts of 0.75 ml totalling 1.5 
ml per plant per spraying session.
Measurements were done with measuring tapes for plant height 
and direct counting of tillers per plant (Plate 11.2).
After harvest stems and leaves were weighed separately from 
ears for fresh weights. Plants were dried at 80° C for 48 
hours in the forced ventilated ovens at the Crop Laboratories 
and stored in air tight plastic bags in the cold room at 5°
C. Dry weight measurements were taken under the same 
procedures in a precision balance, to the hundredth of a 
gram.

11.3. Results
For identification of treatments in the results shown in 
Figure 11.1 to 11.10, an additional colour code following the 
general plan was attributed: Silicon sprays of experiment 9 
are coloured in different hues of 'blue', which are lighter 
for the higher dilutions. Organic extract sprays of 
experiment 10 are coloured in different hues of 'green', 
which get equally lighter for the higher dilutions.
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After the analyses of all data, it was revealed that Compost 
Extract 'X' was the BD treated compost, while Compost Extract 
'Y' was the organic control compost.
Grain production was very poor, seeds were partially 
shrivelled and not enough for TGW and HFN measurements, 
although plants were healthy and free of any pests (Plate 
1 1.6).
No significant differences for the selected contrasts of 
interest between sprays and dilutions were found in terms of 
plant heights, number of tillers, fresh or dry weights of 
either stems & leaves or ears, for both experiments 9 and 10.
However, the Silicon sprays of Experiment 9 presented
significant differences [p(spray)= 0.040*] in terms of dry 
matter contents of stems & leaves (Figure 11.5). Contrasts of 
interest show that the water control had a significantly 
higher DM% than the rest of the other sprays, especially P501 
[p(water vs. the rest)= 0.027*; p(water vs. P501)= 0.006**]. 
P501 also induced a significantly lower DM% than the two 
other sprays: p(P501 vs. Equisetum, Kieselghur)= 0.050*]. 
Other significant stems & leaf DM% differences were found 
only for some individual comparisons between different 
dilutions of the same spray (Figure 11.5), considering the 
specific LSD5%= 1.733, as follows:
• P501 - 10% dilution (81.6% DM) significantly differed from 

the 1% dilution (83.53% DM).
• Kieselguhr - 10% dilution (84.5% DM) significantly

differed from the 5% dilution (82.55% DM).
• Equisetum - 5% dilution (84.6% DM) significantly differed 

from the 8.33 ppm dilution (82.48% DM).
Additionally, even the water control first serial sucussion 
(equivalent to 10% = 83.12%) showed a borderline difference 
from the fifth sucussion (equivalent to 8.33 ppm = 84.78%), 
displaying an interesting sort of direct relationship between 
growing DM%s and increasing stirring procedures (Figure 
11.5).
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No differences were found in the DM% of ears in experiment 9.
In Experiment 10, on the other hand, the organic sprays did
not cause any differences in the parameters measured, 
although there were two borderline differences in the ear DM% 
(Pigu:re 11.6) between different dilutions of the same sprays, 
which can be verified using the specific LSDs*= 4.422, as 
follows:
• Nettle spray - very close borderline difference between 

the 0.33% dilution (84.8% DM) and the 0.03% dilution 
(80.4% DM).

• P500 - borderline difference between the 10% dilution
(85.6% DM) and the 1% dilution (81.5% DM).

Nevertheless, no differences were found for the selected 
contrasts of interest.
11.4. Discussion
The possible reasons for the predominantly non-significant 
differences found are:
1. Wheat is not a sensitive enough test plant for this sort 

of experiments. It does not show subtle qualitative 
differences in the vegetative organs, but in the grain 
yield and quality differences.

2 As cereals in general are very efficient in the absorption 
of even reticulate silicon from the air, they are not due 
to respond to diluted Si treatments.

3. The completely controlled light, temperature and relative 
humidity could well have masked effects by submitting the 
wheat plant to a completely artificial set of stresses, 
which manifested themselves in the plants' incapacity to 
produce proper wheat grains. An additional stress can be 
attributed to growing plants between the second half of 
summer and through the autumn and beginning of winter, 
which is contrary to the natural biological circadian and 
annual rhythms of spring wheat (Wilkins, 1984; Rheinberg & 
Driesche, 1986; Spiess, 1990; Salisbury & Ross, 1978 &
1992; Rojas-Garciduenas, 1993)
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Potatoes would probably be a better test plant species, but 
there were restrictions against bringing untreated potato 

into the glasshouse, which could spread P . j. nf&sfcans 
to other experiments. Cucumber (Cucumis sativus) was 
suggested as a good option, but unfortunately it was out of 
the research scope to include a third species in experiments 
(El Behairy, 1994).
Bigger pots or experimental units big enough for cereal grain 
production experiments could be an option to mimic the 
effects observed on the wheat field trials.
The only significant differences in terms of stem and leaf 
DM% identified between different dilutions inside the same 
silicon sprays in Experiment 9, rather show the apparent 
importance o dynamizations or rhythmic stirring procedures. 
This can be explained by the supposedly growing levels of 
energy developed inside a watery solution through micro
cavitation (Crum & Suslick, 1995) and the exponential 
amplification process through which dynamized substances seem 
to transmit, maintain and even increase their biodynamic or 
pharmacodynamic properties, through the phenomenon of 
electro-magnetic imprint in the molecular configurations of 
the diluting medium (Davenas et al., 1988; Schulte and 
Endler, 1994).
There was also a suggestive contrast between the kieselguhr, 
which evoked the highest DM% under the lowest dilution 
(highest concentration of 10%), and the P501 and horsetail 
tea, which induced the highest DM% respectively at the 1% and 
5% dilutions. This showed that both the source of the silicic 
acid and the dynamization levels of the substance used are 
important for the intensity of the effects (Deffune, 1990; 
Poitevin, 1996).
Interestingly, the best dilution levels of this experiment 
match the proportion between the field doses in which these 
sprays are applied. Kieselguhr or diatomaceous earth is 
usually recommended as a dusting directly over the plants, 
thus at the highest concentration; horsetail tea is diluted
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between 1 and 2%, thus at the medium level and P501 is the 
highly diluted BD plant spray (Corrin, 1959; Sattler & 
Wistinghausen, 1992) .
The borderline difference found between the lowest and the 
highest levels of stirring of the water control could be due 
to minute amounts of silicon serially dissolved in the de
ionised water from the volumetric cylinders used for the 
dilutions. This is an interesting aspect that could only be 
checked through comparative experiments in a completely 
silicon-free environment, which is difficult to achieve 
(Salisbury & Ross, 1978 & 1992).
The borderline effects obtained with the different dilutions 
of the organic sprays in Experiment 10 on the ear DM% offers 
another example of specificity between substances or active 
principles and dilutions or dynamizations.
It is interesting to graphically compare the shapes of the 
sets of data in Figures 11.5 and 11.6. Although they refer to 
DM%s of different parts of the wheat plants, these results 
could show exactly by their inherent differences that flaws 
in the experimental design through any contamination of 
sprays, especially between different dynamizations of the 
water controls, were most probably not responsible for the 
differences observed.
So, considering the significant differences obtained in the 
field trials and the few indicative results from these two 
glasshouse experiments, it is actually worth repeating the 
latter using the different test species, different 
experimental set-ups or designs along the lines suggested at 
the beginning of this section.
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Plate 11.1. Overall view of greenhouse cubicle with Experiments 
9 (LHS, silica sprays) and 10 (RHS, organic extract sprays).

plate 11.2. Phenological measurements of wheat plants 
Experiments 9 and 10 at flowering stage.

in
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Plate 11.4. Organic extracts in their highest concentration 
(lowest dilution), inside hand sprayers marked with the pot nos. 
to be treated in each block of 20 plants in Experiment 10.

Plate 11.5. Silica sprays in their lowest concentration (highest 
dilution), inside hand sprayers marked with the pot nos. to be 
treated in each block of 20 plants in Experiment 9.
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P501 Kleaalguhr Bqulaetum Watmr
Sprays

Figure 11.1. Glasshouse Wheat'96 Plant Fresh Weights under Silicon Sprays - Stem 
& leaf fresh weight means in blind factorial RCB pot experiment with 6 blocks 
and 4 sprays (Silica-P501, Kieselghur, Equisetum arvense and Water Control) in 5 
different concentrations.

No Significant Differences

3.75
3.33

3 -

Spray means : 
s.e.d.e 0.1390 
LSD- 0.3749

PS01 Kleaalguhr Bgulaetum Watmr

Sprays
Figure 11.2. Glasshouse Wheat'96 Plant Dry Weights under Silicon Sprays - Stem &
leaf dry weight means in blind factorial RCB pot experiment (Same as Fig.11.1)

342



No Significant Differences

Sprays
Figure 11.3. Glasshouse Wheat'96 Ear Fresh Weights under Silicon Sprays - Ear 
fresh weight means in blind factorial RCB pot experiment (Same as Fig.11.1).

No Significant Difference!

Sprays
Figure 11.4. Glasshouse Wheat'96 Ear Dry Weights under Silicon Sprays - Ear dry
weight means in blind factorial RCB pot experiment (Same as Fig.11.1).
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Contrast«: p(Spray)> 0.040*; p(Water vs The Rest)» 0.027*; p(Water vs P501)« 0.006**; 
p(P501 vs Kieselghur,Rgulsetum)<> 0.050* ; p(P501 vs Rgulsetum)■ 0.058*1"

Sprays
Figure 11.5. Glasshouse Wheat'96 Plant Dry Matter Contents under Silicon Sprays 
- Stem & leaf DM% means in blind factorial RCB pot experiment (Same as 
Fig.11-1)•

Non-Significant Differences for Selected Contrasts.
Some specific differences for Interactions between Sprays and inside the Same Spray

DIO*
□ IX
□ 0.33X
□ 0.03X

Spray maana s 
s.a.d.- 1.226 
LSD- 2.557 
Interactions 
a.a.d.- 2.280 
LSD- 4.528 
Sana Spray i 
a.a.d.- 2.220 
LSD- 4.422

Sprays
Figure 11.6. Glasshouse Wheat'96 Ear Dry Matter Contents under Organic Sprays - 
Ear DM% means in blind factorial RCB pot experiment with 6 blocks and 5 sprays 
(Horn-manure P500, Biodynamic Compost "Extract X", Organic Control Compost 
"Extract Y", Urtica dioica and Water Control) in 4 different concentrations.
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Non-Significant Difference» for Selected Contrast».
Some specific difference» for Interaction» between Spray» and inside the Same Spray

Sprays
Figure 11.7. Glasshouse Wheat'96 Plant Fresh Weights under Organic Sprays - 
Stem & leaf fresh weight means in blind factorial RCB pot experiment (Same as 
Fig. 11.6) .

Non-Significant Differences for selected Contrasts.
Some specific differences for Interactions batman Sprays and inside the Same Spray

Sprays
Figure 11.8. Glasshouse Wheat'96 Plant Dry Weights under Organic Sprays - Stem
& leaf dry weight means in blind factorial RCB pot experiment with 6 blocks
(Same as Fig. 11.6).
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Non-Significant Differences for Selected Contrasts.
Soane specific differences for Interactions between Sprays and inside the Same Spray

4.0

P500 Extract X Extract Y
Sprays

Urtlca Mater

Figure 11.9. Glasshouse Wheat'96 Ear Fresh Weights under Organic Sprays - Ear 
fresh weight means in blind factorial RCB pot experiment with 6 blocks (Same as 
Fig. 11.6).

Non-Significant Differences for Selected Contrasts.
Some specific differences for Interactions between Sprays and inside the Same Spray

P500

□ 10%
□ 1% 
□0.33% 
□ 0.03%

Spray mean*: 
*.*.d.- 0.2141 
LSD- 0.4465 
Interactions 

a.t.d.- 0.3750 
LSD- 0.7452 
Sam* Sprays 

■.«.&.a 0.3555 
LSD- 0.7081

Figure 11.10. Glasshouse Wheat'96 Ear Dry Weights under Organic Sprays - Ear
dry weight means in blind factorial RCB pot experiment with 6 blocks (Same as
Fig. 11.6) .
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CHAPTER 12
General Discussion

"First thesis: We know a great deal. And we know not only many details of 
doubtful intellectual interest but also things which are of considerable practical significance and, what is even more important, which provide us with deep theoretical insight and with a surprising understanding of the 
world.
"Se c o n d  thesis: Our ignorance is sobering and boundless. Indeed, it is precisely the staggering progress of the natural sciences (to which my first thesis alludes) which constantly opens our eyes anew to our ignorance, even in the field of the natural sciences themselves. This gives a new twist to 
the Socratic idea of ignorance. With each step forward, with each problem we solve, we not only discover new and unsolved problems, but we also discover that where we believed that we were standing on firm and safe ground, all 
things are, in truth, insecure and in a state of flux." Sir Karl R. Popper (Miller, 1983)

12.1. Review of the Objectives and Brief Rationale
The basic aim of this PhD study was to test the agronomic 
effectiveness of allelopathic, biodynamic and organic 
techniques in terms of the competitive yields and quality 
of widely important and representative world crops like 
wheat and potatoes. The main objectives of this work can 
thus be summarised:
i. To determine if biodynamic preparations and dilute 

allelochemicals can significantly influence yield and 
quality of arable crops.

ii. To find an experimentally verifiable theoretical 
framework of knowledge on allelopathy, semiochemicals, 
hormesis and a philosophical-scientific basis to 
understand biodynamics and efficiently apply it to 
organic farming.

iii. To determine if organic methods can successfully 
compete with conventional agrochemical techniques in 
terms of yields and quality of agricultural produce.

To achieve these objectives, a series of eight field trials 
using wheat and potatoes, supplemented by two glasshouse 
experiments and several laboratory analyses were carried 
out as blind or double blind between 1993 and 1996, under 
two basic approaches:
a) A systems approach comparing three different 

agricultural methods - agrochemical, organic and 
biodynamic with a nil control, to simulate real 
conditions in farming systems. The organic treatment 
consisted of the very same techniques of the BD, but
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excluded the BD preparations, to which are attributed 
dynamic, eliciting or allelopathic properties, 

b) An analytical approach, either using individual sprays 
in split-plot interactions with the soil treatment 
systems in the field trials, or testing different 
dilutions of these individual sprays in glasshouse 
factorial experiments to determine the most active 
substances and their concentrations.

The four main treatment systems compared through all the 
four years of experimental work were labelled with the 
following codes:
• "A" = Nil Control, with no fertilizer and sprayed with 

the same water used to dilute the other field sprays, 
which was submitted to the same stirring procedures.

• "A+" = Agrochemical positive-control, using chemical 
fertilizers (125 kg.ha'1 of N as NH4N03 for the wheat, 667 
kg.ha'1 of NPK 15-15-20 formulation for the potatoes) and 
foliar sprays which mimicked the biodynamic and organic 
treatments (MAFF/ADAS, 1988 & 1994) .

• "B & C" = blind Organic or Biodynamic (BD) treatment 
systems, manured with standardized compost treated with 
and without BD preparation sets; the BD sprays and their 
mimic organic equivalents, all blind-labelled.

The field trials were repeated each year in the very same 
plots in the systems approach. Each year's results led to 
the planning and design of the following year's
experiments. This methodology started from the most general 
application of the ensemble of biodynamic agricultural 
techniques and their mimic equivalents (e.g.; all BD sprays 
and compost preparations) in the 1993 field trials. This 
was followed by analytically isolating individual
practices, like sprays from soil treatments in the 
subsequent split-plot (1994 & 1995 field trials) and
factorial experiments (1996 glasshouse experiments), thus 
combining the systems to the analytical approach.
The results obtained in the series of ten blind or double 
blind experiments produced enough data and evidence to 
corroborate the initial work hypotheses described in 
Chapter 1, Section 1.3, items 1.3.1 to 1.3.3. In a 
Popperian sense we can say that there was not significant 
evidence to disprove the biodynamic and allelopathic
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effects observed and the competitive yields and better 
general quality of produce obtained from the organic and 
biodynamic systems (Popper, 1972a & b).

12.2. Main Results and Factual Outcomes
The biodynamic treatments produced results that 
significantly differed from at least one of the other three 
treatments for most of the parameters evaluated. They added 
in many cases the necessary elements that the 
straightforward organic methods lacked in order for them to 
be either quantitatively equivalent (e.g.; potato ware and 
general DWt yields in 1993) or qualitatively better (e.g.; 
ideal HFN in wheat 1993) than the agrochemical techniques 
and the controls.
Biodynamic and allelopathic sprays, like silica P501 and 
nettle water (Urtica dioica), can significantly improve 
yields and quality of both potatoes and wheat. However, 
their general mode of action can be defined as regulatory 
or "normalising", considering that when over-applied at 
near optimum crop conditions, they can reduce yields and 
negatively affect quality parameters (Spiess, 1979; Raupp & 
Kbnig, 1996).
A green manure rotation and mulch like the rye plus vetch 
mix used in Experiments Three and Four (1994) can have 
significant effects, either beneficial (build-up of soil 
organic matter and weed suppression) or detrimental 
(allomonic action of allelochemicals present in the plant 
residues) on the subsequent crops.
A comparative discussion of the results obtained in 
experiments that were more directly related to each other 
follows.

12.2.1. Systems Approach Experiments
The BD and organic systems offered significant positive 
differences in relation to the nil control, in terms of 
both yields (for both wheat, Figure 4. 3; and potatoes,
Figures 10.7 to 10.10) and quality. The latter was 
expressed especially in the lower potato storage tissue 
browning (Figures 5.6 & 10.12) and the resulting higher net 
yield of marketable tubers (Figures 10.13 & 10.14), but
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also in the ideal wheat baking quality (Figure 4.5)
achieved by the full BD treatment system of 1993. Organic
and BD yield increases did not affect quality parameters 
like wheat TGW (Figure 4.4) and potato DM% (Figure 5.2),
which remained as high as in the control. They also did not 
cause any significantly different increase in soil nitrate 
(Figures 4.9 & 5.8) and ammonium (Figures 4.10 & 5.9),
actually displaying the same levels of these compounds as 
the control in the soil analysis results.
The agrochemical treatment (Nitram for wheat, NPK for 
potatoes) produced significantly higher yields in all three 
wheat field trials (Figures 4.3, 6.17 & 9.9), but offered
significantly lower values of wheat TGW (Figure 4.4) and 
potato DM% (Figure 5.2), while very significantly 
increasing soil nitrate levels in the soil (Figures 4.9 & 
5.8), even after harvest time.
The BD and organic systems did not generally differ between 
themselves in terms of yields, although there were trials 
like potato'93 in which the organic yielded significantly 
less than the agrochemical treatment, while the BD did not 
(Figures 5.1 & 5.3).
Compost applications significantly increased potato yields 
and storability (Figures 7.1, 7.3 & 7.5). Cumulative
effects of organic fertilizer applications (compost plus 
green manures) in the third year (1995) led to non
significant bulk yields from the NPK treatment, but to 
significantly lower potato storage tissue browning (Figures 
5.6 & 10.12) and an importantly higher net amount of good 
marketable tubers (Figures 10.13 & 10.14).
It was in terms of both wheat and potato quality that the 
BD treatment system showed the following significant 
advantages, even over the comparatively equivalent organic 
system:
• Ideal wheat flour baking quality (HFN, well-balanced 

alpha-amylase activity, Figure 4.5).
• Significantly less potato tuber pest field damage and 

storage losses by tissue browning (Figures 5.6 & 10.12).
Silicon (Si) based sprays produced interesting results in 
the 1995 wheat and potato split-plot field trials,
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especially P501 in the interaction with the BD soil 
treatment system, which offered a significant opposite 
interaction response in relation to the other three 
systems. This phenomenon was expressed in the following 
results:
• The DGA biomass samples of wheat, potato plants and

weeds, which showed significantly contrasting growth 
curves and sample DWts between P501 and the water 
control spray (Figures 9.1, 9.2, 9.5, 9.6, 10.1 10.2,
10.5 and 10.6).

• While P501 increased the HFN in the BD system, it 
decreased HFN values in the other three systems (Figure 
9.12) .

• While P501 sharply decreased total and ware potato 
yields in the BD system, it increased them in the other 
three systems (Figures 10.7 and 10.9). The opposite 
contrast occurred in relation to potato 'chat' yields, 
which increased in the BD system, while decreasing it in 
the other three systems (Figure 10.10) .

• P501 also increased the amount of storage browning in 
tubers from the BD system, while decreasing it in the 
other three systems (Figure 10.12).

These results and the fact that the BD treatment system 
produced significantly contrasting results in relation to 
the other systems for most of the interactions observed, 
including the analytical approach field trials, support the 
hypothesis of a regulating or normalising effect of the BD 
preparations. They generally increase yields and improve 
quality under sub-optimal conditions, but cause limitations 
whenever applied beyond these optimum levels for specific 
parameters (Spiess, 1979; Raupp & Konig, 1996).
Although one may argue that the agrochemical positive 
controls (A+) would yield even more if other modern inputs 
like herbicides were included, the relatively high yield 
levels reached (4-5 t.ha'1 of wheat; 25-35 t.ha'1 of 
potatoes) pose a question on the actual economic advantages 
of higher inputs. Nevertheless, as the biodynamic effects 
observed proved much less subtle than initially thought, it 
is possible and useful to include whatever agrochemicals 
are considered essential for systems comparisons in further 
experiments. This is feasible, as long as the necessary
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measures against cross-contamination and border effects are 
taken, e.g.; through isolation rows between plots or 
plastic protection against spray-drift.
Otherwise, the absence of significant levels of damage by 
either diseases or pests shows that the systems were set up 
properly. The mimic treatments and/or the inevitable border 
effects or spray-drift from BD treatments, although (and 
fortunately) not enough to mask the quality differences, 
most probably served as eliciting agents that induced 
resistance also in the control plots (Sticher et al., 
1997) .
This is the most plausible explanation for how a continuous 
cultivation of potatoes could not only be kept free of P. 
infestans for three years, but have actually improved yield 
and health (Hoekstra, 1989; Howard, 1940b). One must take 
into account that the three years' sequence was 
increasingly drier and hotter (see Appendices 42 and 43) 
and there was only one more potato field trial of 
equivalent size in the same Orchard Field over the three 
years. But even so, it is very unlikely that a susceptible 
variety like Pentland Crown would not show further signs of 
infection when P. infestans was already present in the 
first year (experiment 2, visual assessment). This also 
offers an example of the possible suppression of plant 
diseases by compost applications (Weltzien, 1990; Hoitink 
et al., 1995) .
Relative to the apparently higher crude protein content 
promoted by the Nitram treatment in wheat 1993 (experiment 
1), a true protein analysis method should have been used. 
Unfortunately, there was neither a way, nor enough time to 
obtain detailed information on the ’true protein analysis 
method" using the Stutzer's reagent. Anyway, it is not 
listed as an official analytical method in the MAFF manuals 
and therefore it could be considered as invalid for 
research in Britain (Drs. Ray Davis and L. Garraway, Wye 
College, personal communication 1994; Tyler, 1950).
The higher crude protein content of the Nitram samples were 
accompanied by the highest and worst scores in HFN values. 
These were very close to the ideal 250 in the BD treatment
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(Figure 4.5), which nevertheless displayed lower crude 
protein content.
Enzymes, like alpha-amylase are proteins produced through a 
biochemical signal cascade triggered by initial stimuli - 
in the case of the germination-promoting alpha-amylase, 
favourable moisture and temperature. The signal 
transduction of these stimuli in plant cells, through the 
cytoplasm and into the nucleus is still poorly understood 
and leads to gene triggering. The DNA copying and 
transcription follows the inverse pathway (mRNA, ribosomes) 
into proteins which are accumulated in tissues in adequate 
levels for their intrinsic development stages (Salisbury & 
Ross, 1978 & 1992) . This is the case for the proportion of 
alpha-amylase in relation to the total grain protein 
content. Thus a higher crude protein content should reflect 
in a higher alpha-amylase activity in the flour, but the 
higher HFN of the Nitram samples meant a significantly 
lower alpha-amylase activity (Perten, 1964 & 1967) . So,
there ought to be nitrogen compounds other than protein or 
nitrates (which could not be found in significantly higher 
amounts) stored in some way in the grain produced with 
Nitram.
The alternative forms to proteins and nitrates, in which 
nitrogen could accumulate in wheat grains, are purine 
bases, ureides, urea or its hydrolytic produce, ammonium. 
The existence of urea in plant tissues occurs through the 
breakdown of purine bases, which first form ureides, then 
urea. It was the discovery of Nickel as an essential 
element for legumes like cowpea (Vigna unguiculata) and 
soybean (Glycine max) and cereals like barley (Hordeum 
vulgare), which prompted the recognition of urea in plant 
tissues. Nickel is also an essential constituent of the 
enzyme urease, without which urea concentrations would 
build up to toxic levels in plants. Nevertheless, these 
other N compounds were identified mostly in green tissues 
and it has yet to be verified which of them could be 
accumulated in dry wheat grains (Salisbury & Ross, 1992).
Thus, it is very likely that using proper analytical 
methods, one can identify purine bases, ureides or urea to
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be the alternative forms of stored N, which are interpreted 
as crude protein with the straightforward application of 
the Kjeldahl method.
It is important to emphasise the comments made on Chapter 
4, Section 4.4, on the commercial interests that lead 
corporations to recompense with premiums and awards both 
high crude protein contents and HFN values. As these are 
the most difficult goals, which can only be achieved 
through higher and costlier N fertilizer inputs, it is a 
good way to justify industrial millers for paying more for 
this smaller percentage of the produce, while paying less 
for the bulk of the crops (HGCA, 1993; Farmers Weekly, 
1995a). Blending malted grains to the dough is an artifice 
to make bad flour "behave" well (Perten, 1964 & 1967).
This sort of commercial strategy is very common in other 
industrialised crops like sugarcane: the big crystals, 
which are the most difficult to obtain are paid the highest 
prices by the big dealers in the international market, 
because they are also heavier per unit volume, undergo less 
compaction and have a lower suface:volume ratio - clear 
transport and storage advantages. On the other hand, the 
consumer has to pay the highest prices for the most finely 
ground, caster type of sugar, which is both cheaper for the 
dealers and easy to obtain by grinding down the big 
crystals. So, the middlemen gain on both ends of the market 
chain (Copersucar, personal communication 1980) .
Potatoes (Solanum tuberosum) and wheat (Triticum aestivum) 
were seemingly adequate test species to provide contrasting 
responses to the same biodynamic treatments and green 
manure rotations.
Both their responses to the green manure rotation and the 
differential response of the rye (Secale cereale) plus 
vetch (Vicia sativa) green manure mix, offered a nice 
contrast, considering that their FWt biomass after wheat 
was only 63% of the biomass after potatoes, or 79% in terms 
of dry weight. This indicates the extent of the specific 
allelopathic interactions between the different crops and 
the green manure mix (Wickramasinghe, 1991).
The detrimental effects of the rye residues on the

354



subsequent wheat crop (Figures 9.1 to 9.11) offer a good 
example of how important it is to consider allelopathic 
compatibility in green manure rotations. The effects are 
explained through current research and knowledge on 
allelochemistry (Rice, 1984 & 1995) and processes of 
microbial degradation of plant materials and 
allelochemicals formation in different soils (Weyman- 
Kaczmarkowa et al., 1992; Mwaja et al., 1995; Bottenberg et 
al., 1997).
It is interesting to note that although the compost used in 
most experiments was basically made of FYM on wheat straw, 
after proper composting, no detrimental allelopathic 
effects due to the kolines and marasmines (e.g.; p-coumaric 
and ferulic acid, patulin) originally present in the straw 
could be observed. It is also interesting that the green 
manures produced significantly higher fresh and dry weights 
in the compost treated plots than in the control and 
chemical fertilizer plots (Figures 8.1 & 8.3). This 
indicates a more efficient recovery of nutrients and the 
further mineralization of essential elements from the 
previous year's compost applications. The significantly 
lower DM% of the green manures in the BD than in the 
organic potato plots once more indicates a regulating 
effect of the BD preparations, which somehow limited actual 
nutrient assimilation into plant tissues (Figure 8.2).
The good results obtained in the field trials of 1995 in 
terms of having managed to maintain weeds below the level 
of detrimental competition with the test crops, especially 
the potatoes, adds to the prospects for non-chemical weed 
control in cereals and other major world crops through what 
can be called vegetative suppression management (Calegari, 
1995; Eskelsen & Crabtree, 1995). This is especially 
important for spring cereals and other spring sown crops in 
general, which do not have the chance to outgrow the weeds 
during autumn and winter (Lee, 1996).
The important role of proper composting and green manuring 
in well-balanced nitrogen cycling in agroecosystems in 
contrast to careless applications of fresh manure or 
chemical fertilising was shown in the nitrogen monitoring 
analyses (Figures 4.9, 4.10, 5.8 & 5.9). Although the 
sampling was restricted by the main yield and quality
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evaluation objectives and the labour availability for the 
sample collections and analyses, the data provided are 
clear enough to suggest that sound organic management has 
advantages over conventional methods in terms of nitrate 
pollution abatement (Koepf, 1977; Witter, 1986; Hébert et 
al., 1991; Berner et al., 1995; Dermaris, 1997).
The analyses of nutrients in the potato tubers could surely 
provide important information on further effects of the 
treatments. However the labour and time limitations 
restricted the work to the more straightforward quality 
differences that are relevant for both consumers and 
farmers (Vogtmann et al., 1993).
The wheat 1995 split-plot to test the effects of P501 spray 
interactions had the effects of the actual treatments 
considerably masked (Figures 9.1 to 9.11) by the 
allelopathic effects of the rye (Secale cereale) in the 
green manure rotation and mulch. It deserves to be repeated 
under favourable conditions in more than one year using the 
same plots, after a rotation with a legume green manure 
only, as exclusive Vicia sativa, for example.
The methodology used in this Systems Approach can thus be 
considered appropriate for organic and biodynamic research, 
and adjustments can be made for different test crops.

12.2.2. Analytical Approach Experiments
The analytical approach experiments were meant to test and 
detect the individual effects and interactions between 
sprays and soil treatment systems (field trials). Another 
objective was the screening of the most active 
concentrations (or dilutions) for each field spray in 
controlled environment glasshouse experiments.
First of all, the experimental design for the field trials 
should have been a RCB instead of the partially randomised 
split-plots used. Furthermore one must be aware of the 
available labour and time constraints in the planning of 
experiments. Nevertheless, the results obtained seem 
consistent with the overall data obtained from the rest of 
the field experiments.
On the other hand, although the design of the glasshouse
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wheat experiments seemed adequate, the chosen test plant 
did not show the desirable sensitivity to the treatments 
and another species could have been used with advantage. 
Proper advance planning and booking of a suitable cubicle 
in the glasshouses could have permitted the use of potatoes 
instead. Specific comments are made in the sequence.

12.2.2.1. Analytical Approach Field Trials
The highest wheat yields of all 3 years obtained in the 
trial of 1994 (experiment 6) served to show the consistency 
of the comparative results between systems and that the 
composting and cropping techniques were well standardised.
The * close to ideal" HFN scores of the Mimic spray x BD 
compost (251.8) and the Nettle spray x Nitram fertilizer 
(254.5) showed that enzyme activity regulation can be 
obtained through different interactions of treatments. It 
is important to note that all sprays were dynamized before 
their application. So it would be interesting to test both 
dynamized and undynamized replicates of the same sprays in 
a split-plot design (Deffune, 1990). It is also worth 
comparing these interactions with the traditional 
combination of BD treatments used in experiment 1 (HFN = 
249.84) under a single experimental design, including the 
mimic and silicon based sprays in split-plot designs for a 
proper comparative evaluation of the results, as the wheat 
1995 trial had its results masked by both the drought and 
the allelopathic effects of the green manure rotation.
The same applies to the potato experiments that can combine 
the organic extracts and silicon sprays in split plots 
using just compost and control, or the four soil treatment 
systems.
In the potato 1994 trial, the positive effect of compost 
fertiliser was well identified and the comparison between 
silicon (1995 trial) and organic sprays (1994 trial) in the 
quality parameters like DM% and tissue browning, can offer 
further insight into the processes involved.

12.2.2.2. Glasshouse Wheat Experiments
The large majority of non-significant differences obtained 
after all the different measurements and inferences, as
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well as the only significant results obtained in terms of 
dry matter contents, suggests that wheat was not sensitive 
enough. This could be due to its high capacity to absorb 
silicon from the environment and the vegetative vigour of 
grasses in general. Perhaps the use of a sensitive 
vegetable test plant, like potatoes or cucumber (Cucumis 
sativus) could be more suitable to test this kind of 
treatments and effects (El Behairy, 1994).
Anyway, some significant differences in terms of stem and 
leaf DM% (Figure 11.5) found between different dilutions of 
the same silicon sprays (Experiment 9), indicate the 
existence of dynamic effects due to the rhythmic stirring 
procedures (Deffune, 1990; Poitevin, 1996). A similar 
picture was found in terms of borderline ear DM% 
differences (Figure 11.6) inside different dilutions of the 
same organic sprays (Experiment 10). The growing levels of 
energy found inside a watery solution through micro
cavitation (Crum & Suslick, 1995), as rhythmic stirring 
repeatedly produces and implodes bubbles, could explain 
these results. The exponential amplification process 
through which dynamized substances seem to transmit, 
maintain and even increase their biodynamic or 
pharmacodynamic properties, have been tentatively explained 
by a theory of electro-magnetic imprint in the molecular 
configurations of the diluting medium (Davenas et al., 
1988; Schulte and Endler, 1994).
It is interesting to note that the even the water control 
sprays presented contrasting effects in terms of the shapes 
of the DM% histogram bars in Figures 11.5 and 11.6, 
indicating a differential response of the wheat under the 
same conditions to the silicon-based and organic extract 
treatments. The DM% differences between the lowest (83.12) 
and the highest sucussion (84.78) levels of the water 
control is on the borderline of significance (LSD = 1.733, 
for differences between different dynamizations of the same 
spray) for the silicon sprays experiment 9. As the water 
control sprays were also serially dynamized before their 
application, a possible explanation for the almost 
significant differences obtained would be a mechanism of 
release of the energy contained in the de-ionised water by 
cavitation. Another explanation for the phenomenon could be 
the serial dynamization of minute amounts of silicon
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dissolved in the de-ionised water from the volumetric 
cylinders used for the dilutions. This possibility could 
only be checked through comparative experiments in a 100% 
silicon-free environment, which is considerably difficult 
to achieve (Salisbury & Ross, 1978 & 1992).
Nutrient film technique (NFT) offers a good option as a 
culture method that can efficiently exclude mineral or 
organic contaminants (e.g.; microbes, silicon) and even 
recycle organic sources of nutrient solutions simulating 
the soil treatments.

12.3. Theoretical Considerations
The effects observed in the various experimental results 
raise a number of questions on the mode of action of the 
tested substances and their potential active ingredients.
As was shown in Chapter 2, various mechanisms of Induced 
Systemic Resistance (ISR), Systemic Acquired Resistance 
(SAR) and other induced metabolic adaptations in plants 
show affinity with the underlying processes involved in 
allelopathic and biological-dynamic effects. Abiotic 
elicitation in particular, involving minerals like sulphur 
and silicon, seems to offer a path for the explanation of 
biodynamic effects.
On the other hand, fatty acids and essential oils are 
amongst the active principles of the medicinal plants used 
in the BD preparations, some of which are known to have 
their effects enhanced by fermentation or decomposition of 
the basic substances in the original tissues.
Thus, most organic fertilizers, allelopathic and BD 
preparations can be classified as apneumones or abiotic 
elicitors.
In general, the preparations used in the experiments can be 
collectively considered as apneumones, as they consist of 
either partially or totally decomposed organic materials 
(e.g.; compost, nettle water, P500), or minerals (e.g.; 
kieselghur, P501).
As Nordlund (1981) has already stated, apneumones can 
either be considered as a sub-group of allelochemics, or 
constitute another major group, depending on the 
importance, number and diversity of interactions they
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mediate.
> Thus, it is proposed here that apneumones are really 

considered and studied as another major group, which 
calls for specific classification according to effects 
and modes of action, in the light of the following 
observations.

As different BD treatments either isolated or in 
combinations were able to induce such diverse physiological 
responses like:
♦ Optimal HFN - well-balanced a-Amylase enzymatic activity 

(Chapter 4, Figure 4.5).
♦ Lower phosphorus content - regulated mineral metabolism 

and cell membrane structure (Chapter 4, Figure 4.7).
♦ Slower tuber physiological senescence - again through 

either enzymatic activity or direct gene inactivation or 
triggering (Chapters 4 and 10, Figures 5.6 and 10.12).

♦ Disease and pest resistance through ISR or SAR
mechanisms (Chapters 4 and 10, Figures 5.6, 5.7, 10.11
and 10.12)

♦ Growth and yield normalisation or regulation, through
hormonal or hormetic stimulation or inhibition (Chapters 
8 , 9 and 10, Figures 8.2, 9.1 to 9.6, 9.12, 10.1 to
10.14)

> it is here also proposed that all these phenomena are 
together defined as what may be called as Induced 
Metabolic Adaptations, which is a wider expression 
including growth regulation, induced resistance and 
yield normalisation (Samaras, 1977; Spiess, 1979; Raupp 
& Kônig, 1996; Métraux et al., 1993; Doubrava et al., 
1988; Oberson et al., 1996; Sticher et ai., 1997).

The general induced metabolic adaptations caused by these 
wide range of biodynamic apneumones, can then be subdivided 
in allomonic, kairomonic and synomonic effects, as in the 
general case of allelochemicals, or with further specific 
definitions for fundamentally different responses, modes of 
action or active principles.
These proposals are part of the necessary theoretical 
framework for progress in the understanding of such 
biodynamic and allelopathic processes.
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12.3.1. Nettle Water Effects
In the light of the general results obtained with nettle 
water sprays (Chapters 4, 5, 6, 7 & 11) , one is inclined to
think its effects were mainly due to allelopathic
mechanisms, rather than its nutrient contents. The possible 
nutritional effects due to the average element contents of 
nettle water (Table 2.7 of Chapter 2, Peterson & Jensen, 
1985), are very limited in the usual BD field dilutions of 
usually less than 1%, taking into account the wide 
availability of similar concentrations of the same
nutrients in the compost treated soil.
Additional evidence was provided by differential response 
between the 1994 wheat, which suffered a significant

in yields, TGW and HFN (figures 6.17 to 6.19) and 
the potatoes, which did not respond to the nettle spray in 
terms of either yields or quality. The fact that even the 
water control spray yielded more wheat than the nettle 
gp^ay treatment also points to the allomonic effect of the 
nettle spray against the wheat plants.
The 10% concentrations used in the sprays applied to the 
1994 experiments 6 and 7, which caused no yield or DM% 
increases in potatoes while notably decreased wheat yields 
and TGW, were so concentrated on purpose, to evaluate the 
nutritional effects (Peterson & Jens6n, 1985 & 1986). The 
absence of consistent yield promoting effects, added to the 
vegetative growth stimulation detected in the wheat 1994 
DGAs, also suggests allelopathic and hormonal associated 
effects due to the presence of auxins in the fermented 
organic substrate (Audus, 1972; Peterson & Jensen, 1985).
Furthermore the complexity and the number of compounds 
present in fermented nettle water could contain a number of 
eliciting agents, which are specifically active in 
different concentrations in relation to different plant 
species.
Further field trials supplemented by axenic or NFT 
experiments with the biochemical assay of the possible 
allelopathic and hormonal agents present in nettle water is 
the recommended methodology for future experiments.
The biochemical assay must cater for the presence of the 
potent marasmine and antibiotic Patulin generally produced
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by the fungus Pénicillium urticae, which lives in nettle 
fibre and is present in decomposing cereal straw, which can 
significantly reduce the growth of several monocots and 
microbes (Rice, 1984) . Hormesis is very likely to be 
involved in these phenomena and it would be interesting to 
screen the patulin content of nettle water and its possible 
allelopathic effects in both the usual BD dilutions and in 
different concentrations.
Chelating or transporting ligands, like the siderophores in 
the case of iron, also deserve attention in the assays, for 
they can play a role in the nutritional effects of nettle 
water, by successfully supplementing the N provision with 
the essential microelements for a well-balanced development 
and protein synthesis (Peterson & Jensén, 1986; Salisbury & 
Ross, 1992).

12.3.2. Silicon Effects
As in the case of diluted nettle water, the abundance of 
nutrients available from the soil is even more remarkable 
in relation to the silicon-based sprays, considering the 
high percentage of Si in soils and in the lithosphere as a 
whole. This added to the quite diluted forms in which the 
silicon sprays were applied, makes it very unlikely that 
the effects observed were due to nutritional processes.
Besides the otherwise possible nutritional effects of Si - 
more directly as a structural component in cereals like 
wheat, there are a number of other possibilities for the 
observed effects of the silicon sprays used.
Silicon is an important component of the papillae or 
lignified cell wall appositions, which effectively restrict 
fungal penetration into epidermal tissues. The fact that 
lignified papillae are made of callose, ultra-violet 
fluorescent material and Si, raises an interesting question 
on the possible connections between silicified structures 
and specific wavelengths, which like UV rays, can inhibit 
microbial development (Sticher et al., 1997).
The role of silicon in the papillae was reported to have a 
controlling effect on P. infestans in potatoes (Stroemberg 
et al., 1993), as well as on Pythium spp (Chérif et al., 
1993) and some bacteria (Sticher et ai., 1997).
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Quite a long time ago Ward (1893, 1894) reported on the 
inhibiting action of wavelengths close to the blue light 
spectrum on bacteria and fungi. Silicon sprays could well 
help in this sense by refracting and multiplying the 
effects of effective wavelengths on the leaf surfaces at a 
microscopic level (Steiner, 1974, Spiess, 1979; Koepf et 
al., 1996).
Silicon is also widely reputed as an excellent semi
conductor. Thus, Si dynamized sprays like P501, P508 and 
diatomaceous earth suspension, in which stirring would 
build-up static electricity can be responsible for exciting 
systemic electrical signals, which in their turn elicit SAR 
mechanisms (Sticher et al., 1997). This can be measured 
using the same voltage clamps widely used in the cell and 
plant physiology research on nutrient element absorption 
(Salisbury & Ross, 1978 & 1992; Prof. Mike Blatt, personal 
communication 1994).
The incredibly low energy way (as compared to heat 
consuming nonliving processes) through which biological 
systems accomplish silicic acid polymerization to 
efficiently produce opal is still unknown (Simpson & 
Volcani, eds. 1981). So, the possible involvement of an 
energy efficient process at the microscopic level, linked 
to the water's energetic potentials and identified in the 
phenomenon of acoustic cavitation (Crum & Suslick, 1995), 
can be considered in this context. The dynamized water 
sprays would start a sort of biological chain-reaction, 
stimulating the plants to carry on the process.
This is not an unreasonable hypothesis, considering that 
cavitation actually occurs in vascular plants to the point 
that it can be detected through the application of 
sensitive microphones to maize stems, as "popping noises", 
which increase proportionally to evapo-transpiration 
(Salisbury & Ross, 1978 & 1992). According to Salisbury & 
Ross (1978) the tension present when the water column 
breaks at the centre of experimentally centrifuged 
capillary Z-shaped tubes can be calculated and such 
observations have produced an important conclusion: The 
smaller the capillary, the higher the tensile strength of 
water. With rather fine capillaries, values as negative as 
-264 bars were measured (Briggs, 1950).
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On the other hand, in every single evaporating water 
droplet and exploding or imploding water bubble, there is 
cavitational potential. As a drop of liquid gets smaller, 
its surface/volume ratio increases and the forces of 
surface tension on it become stronger, compressing the 
droplet more and more. This increase of pressure in the 
droplet increases the free energy and this in turn results 
in a higher vapour pressure. The droplet tends to shrink- 
dry faster and faster, until, as the vapour pressure 
increases to the point where the drop boils at room 
temperature, it suddenly disappears. An air bubble in 
liquid also exhibits the powerful force of a curved 
meniscus. When the bubble is very small, the interfacial 
tensions acting on it are proportionately large, giving it 
a high stability against deformation (Salisbury & Ross, 
1978 & 1992), thus delivering considerable energy (for a 
very small space in a split-second) when it bursts.
Sucoff (1968) studied the mathematics of bubbles in a 
liquid to try to explain how conifers can recover from the 
air blockage of frozen water columns during severe winters. 
He showed that large bubbles can expand easier than small 
bubbles, especially if the liquid is placed under tension. 
Under continuous and growing spring melting and 
transpiration, a critical point is reached for large 
bubbles inside the xylem tracheids, which expand suddenly 
under tension as water turns to vapour. This expansion is 
explosive, occurring in a fraction of a second and sending 
shock waves to the surrounding tracheids, effectively 
driving their small air bubbles back into solution and 
restoring most water columns. Thus, about 10% of the 
tracheids, in which bubble expansions occur, the water 
columns remain vapour locked and lost to sap movement, 
while the remaining 90% are sufficient for normal plant 
life and growth (Salisbury & Ross, 1978 & 1992).
Although polymerized silicic acid is the chemical form 
occurring in biological structures, it is not yet 
completely clear in what soluble form silicon is 
transported into cells or occurs in tissue fluids (Simpson 
& Volcani, eds. 1981; Sullivan & Volcani, 1981; Kaufman et 
al., 1981; Sangster & Parry, 1981).
As particulate Si02 can also be absorbed by plants from the
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atmosphere (Salisbury & Ross, 1992), it is quite likely 
that finely diluted quartz or diatomaceous earth can 
effectively influence plant metabolism. The rhythmic 
cavitation provoked by the continued dynamization could 
cause the above-suggested biological chain-reaction 
liberating enough energy at the microscopic level to 
gradually dissolve and incorporate silicon in the form of 
amorphous opal (Sangster & Parry, 1981).

12.3.2.1. Silicon and Salicylic Acid
Silicon is beginning to be recognised as an efficient 
abiotic elicitor of ISA (Sticher et al., 1997).
The indications that salicylic acid (SA) is synthesized via 
the shikimate-phenylpropanoid pathway (see Fig. 2.4, 
Chapter 4), show its affinity to other allelopathic agents. 
We can say that allelopathic agents are probable ISR 
elicitors and include silicon as one of the inductors or 
regulators of SAR and SA in three ways, as elicitation 
mechanisms basically consist of changes in protein 
synthesis:
1. By probably acting in either the first &/or the third

step of the same mechanism by which hormones regulate 
gene expression as part of the large amplification 
process partly described in Chapter 2, Section 2.6.2.1 - 
from the repeated transcription of DNA resulting in many 
copies of mRNA (1st amplification step); passing through 
mRNA translation by ribosomes in the cytoplasm (2nd 
amplification step); till the 3rd step, where enzymes are 
modified to become functional even at low
concentrations. Si could act as a catalyst for the 
production of copies of important cellular products like 
PR (pathogenesis related) enzymes.

2. Through alterations in the shikimate-phenylpropanoid 
pathway, where either shikimic acid or amino acids can 
be detoured from protein synthesis to various secondary 
metabolites including SA.

3. Indirectly as a cell wall semi-conductor, modulating the 
transmission of systemic electrical signals, which can 
trigger the former two mechanisms.

As commented in Chapter 2, the action of methyl-salicylate,
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a SA metabolite, as an airborne signal for ISR can offer an 
explanatory model on how some qualitative processes and 
defence mechanisms could be transmitted between 
neighbouring plants or different treatment plots, from an 
initial diluted and localized application, like the ones of 
silicon sprays in the reported field trials (Rice, 1984 & 
1995; Sticher et al., 1997).

12.3.3. General Effects of BD Preparations and Organic 
Techniques

The competitive yield and the best quality results obtained 
from both wheat and potatoes in the 1993 field trials 
(experiments 1 & 2), where the whole ensemble of BD
treatments was used, could not be repeated in the 
subsequent trials, in which one or another preparation was 
always absent. This suggests the presence of important 
synergistic effects in the mode of action of the BD 
preparations, which is one of the basic postulates in 
biodynamic agriculture (Koepf et al., 1976 & 1996).
The repetition of similar field systems experimental 
designs, supplemented by axenic (Deffune, 1990) or NFT 
controlled experiments and assaying of the probable active 
principles, is a recommended way forward in biodynamic 
research. Again, chemical analyses of the BD preparations 
could not be performed because of time and labour 
constraints.
Anyway, the main objective of this research work was to 
first verify the effectiveness of the BD treatments on a 
field crop scale, to ascertain if it is worth carrying 
forward more detailed and complex inferences, e.g.; at the 
biochemical level.
It is interesting to note how complex biochemical processes 
can be induced by simple organic agricultural practices, 
which can lead to a postulate about the contrast between 
agrochemical or mechanistic and organic approaches:
♦ Mechanistic (agrochemical in the case of agriculture) 

approaches are usually theoretically simplified (e.g.; 
the directions for use of a pesticide), ignoring the 
innumerable complications, interactions and side effects 
that invariably take place in practice (e.g.; the
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pesticide's environmental pollution and health-hazards). 
Mechanicism can easily fall into reductionism, 
understood as a degeneration of the analytical approach 
through excessive specialization, which is often 
economically motivated (Popper, 1994; Medawar & Medawar, 
1985).

♦ Organic or holistic approaches often look simple and 
even naive in practice (e.g.; the use of manures or 
plant extracts), however they require complex 
theoretical models for the understanding of the deep and 
wide processes (Sattler, 1986) involved in their 
techniques, e.g.; the physical, chemical and biological 
effects of manures and their interactions in soils, or 
the complex modes of action of plant extracts in 
elicitation.

Furthermore, one must remember that even theoretically 
simplified practices, like NPK fertilizer application, 
inescapably suffer complex interactions in Nature. Thus, 
each fertilizer salt is transformed in the soil by 
biological and chemical reactions (which do not behave 
stoichiometrically) and will reach plants only partially as 
the original salts themselves, which will be also partially 
microbially incorporated, immobilized, volatilized and 
leached, according to the different elemental cycles 
(Krassilnikov, 1961; Kononova, 1966; Koepf, 1968 & 1977; 
Vaughan & Malcolm, 1985; Nannipieri et al., 1990; Vinten &
Smith, 1993; Raupp, 1995a&b; Oberson et al., 1996).
The proposal of Induced Metabolic Adaptations (IMA) as a 
definition term for general quantitative and qualitative 
responses evoked in plants by either biotic
(allelochemicals) or abiotic elicitors (apneumones) is an 
attempt to holistically consider these complex phenomena, 
without avoiding to analyse and submit them to the 
experimental crucible. This applies to the BD preparations 
and to techniques involving associated living organisms 
like companion plants and green manure rotations.
An example of the application of this definition can be 
drawn out of the observed effects of BD treatments on the 
phosphorus content of wheat in experiment 1 (1993).
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Kudinova (1974) was one of the first researchers to 
correlate Si activity with P metabolism, which partly 
explains the significant differences of P contents found 
between BD and Organic wheat grain. It is likely that the 
additive effect of the Si based compost P506, plus the 
P501, horsetail tea and kieselguhr foliar spray treatments 
were responsible for the regulation of P uptake. This would 
represent an equivalent response to the abnormally high P 
accumulation observed in soybean plants grown without Si 
(Miyake & Takahashi, 1985).

12.4. Concluding Remarks and Future Perspectives for 
Research in Biodynamics and Formative Forces

As the calculated concentrations in which BD preparations 
actually reach plants in the field (Chapter 2, Section 
2.5.2) are still inside the ponderable mass action limits 
common to hormones and semiochemicals, it should not be 
necessary to involve the concepts of ultra-high dilutions 
for the explanation of their effects.
However, as far as this research went only to the point of 
identifying significant effects, I cannot aspire more than 
suggesting as many alternative explanatory models as 
possible, with the aim of leaving a reasonable amount of 
"scientific footprints" for the future research in this 
field. So, last but not least, we take the liberty of 
making some comments on the possible role of formative 
forces and fields in the results obtained over the series 
of ten experiments.
Although the hypothesis of "morphic fields", which 
attributes underlying dynamic, cosmic or fractal 
mathematical patterns to the structure and growth of living 
forms may sound incredible, this sort of invisible 
energetic plan or blueprint provides a model for the 
conundrum of morphogenesis (Stewart, 1995; Edwards, 1993) . 
Salisbury and Ross (1992) say that while "living organisms 
are self-generating structures", the problem of explaining 
morphogenesis lies in the complex and delicate balance 
between development and differentiation or specialization, 
which can degenerate into unhealthy patterns like calluses 
and cancers; and further on; "Though much descriptive 
information is available, development is probably the least
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understood phenomenon of contemporary biology (about as 
mysterious as the functioning of the human brain)".
In their book's very introductory remarks on "basic 
postulates" they state: "Plant function can ultimately be 
understood on the basis of the principles of physics and 
chemistry...modern plant physiology in particular and 
biology in general depend upon the physical sciences, which 
in turn rely on mathematics". And further on: "It is 
possible that life depends on a spirit or entelechy not 
subject to scientific investigation; but if that is 
assumed, then by definition we cannot use science to study 
life. The assumption that plants are mechanistic leads to 
fruitful research; the contrary assumption, called 
vitalism, has been completely unproductive to science. For 
example, convictions (yours or ours) about the existence of 
a Creator may help or hinder your appreciation of plant 
physiology but cannot play a direct role in the science 
itself." (Salisbury & Ross, 1992).
Without actually having to involve God or religious 
convictions in this kind of research work, the application 
of relativistic mathematical conceptions, Quantum Mechanics 
and Projective Geometry to Biology and Plant Sciences seems 
to be the logical way forward (Einstein 1939a&b, 1940 &
1983; Edwards, 1993; Stewart, 1995), as Life seems to be 
the only exception to the Second Law of Thermodynamics - 
greatly increasing order and complexity while organisms 
develop and evolve against all apparent physical odds. 
Salisbury and Ross make some further good points and 
questions in the 1978 edition of their reputed book: "Large 
amounts of energy and raw materials must be consumed to 
make this (increasing complexity) possible, so overall 
entropy is increasing as organisms grow. In that sense, 
life is not a spontaneous process and is not an exception 
to the Second Law. Yet things certainly seem to grow 
spontaneously. What are the control mechanisms in living 
organisms that account for this gathering of raw materials 
and energy to decrease entropy? How did they come about? 
These are the unsolved problems of organism development." 
(Salisbury & Ross, 1978).
In the Goethean approach, the assumption of an entelechy as 
the organising principle behind living beings, far from
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hindering a scientific appreciation of biology in general, 
gives it a new scope, from the holistic perspective, 
complementary to the analytical method.
Similar approaches in such different fields as Astrophysics 
(Hoyle, 1983) and Quantum Mechanics (Bohm, 1984, 1989 & 
1996) have led to fruitful theoretical explanations and 
practical applications, which would undoubtedly be 
considered "good science" by Sir Karl Popper, as far as 
they are also part of a cosmology (Miller, 1983).
So, we can consider the importance of research into the 
possible existence of formative forces or four-dimensional 
moulds or "time-bodies" that would be the matrix for 
organic development, as commented in Chapter 2, Section
2.7.2. The sensitive methods described in Chapter 2, 
Section 2.4.4 can be used in this kind of research, 
although probably needing further development and 
adaptation to agricultural conditions.
I am aware and glad about the fact that this research work 
generates much more questions than it solves - still, that 
is just another aspect of "the art of the soluble", of 
which Sir Peter Medawar (1967) was surely also aware of.
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Appendix 3: Wheat 1993 Raw Quality Data
RCB Field Trial with 6 blocks and 4 treatments

Raw Data P% Ca% K% Na% CrProt% Ash% HFN TGW (g)
1 0.270 0.017 0.340 0.024 9.22 1.75 279 39.83
2 0.285 0.021 0.350 0.023 10. 65 1.72 272 37.90
3 0.280 0.019 0.341 0.026 9.07 1.54 248 41.54
4 0.225 0.016 0.295 0.023 10.11 1.35 275 37.41
5 0.300 0.019 0.325 0.023 9.42 1.55 278 38.80
6 0.265 0.021 0.330 0.028 7.88 1.58 256 40.28
7 0.265 0.019 0.325 0.024 10.70 1.52 294 37.59
8 0.275 0.018 0.340 0.027 9.02 1.52 298 39.30
9 0.265 0.020 0.320 0.026 8.91 1.3 253 40.23
10 0.285 0.020 0.345 0.024 8.75 1.52 2 63 41.01
11 0.275 0.025 0.335 0.023 11.05 1.62 269 38.33
12 0.240 0.019 0.330 0.024 8.82 1.86 240 40.89
13 0.295 0.020 0.36Ô1 0.024 8.95 1.8 258 41.44
14 0.290 0.020 0.340 0.022 10.59 1.64 278 39.64
15 0.250 0.025 0.305 0.024 10.60 1.51 282 38.78
16 discarded plot * * * * ♦ ★

17 0.315 0.024 0.360 0.025 10.15 1.49 303 - 40.58
18 0.290 0.020 0.355 0.024 7.89 1.1 283 39.91
19 0.295 0.020 0.335 0.023 9.33 1.52 277 39.47
20 0.310 0.026 0.320 0.029 8.79 1.57 239 40.21
21 0.280 0.024 0.335 0.023 8.62 1. 63 234 41.89
22 0.260 0.022 0.315 0.025 11.82 1.49 272 34.53
23 0.265 0.018 0.325 0.026 8.42 1.33 256 40.15
24 0.270 0.018 0.330 0.026 8.99 1.38 250 39.21

O
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Appendix 4: Wheat 1993 Quality Coded Data by Treatment
RCB Field Trial with 6 blocks and 4 treatments

System Codes HFN TGW(g) Prot.% P% K% no3% Ca% Na% Ash%
Control 6 256 40.28 7.88 0.265 0.330 0.025 0.021 0.028 1.58

8 298 39.30 9.02 0.275 0.340 0.026 0.018 0.027 1.52
13 258 41.44 8.95 0.295 0.360 0.019 0.020 0.024 1.80
18 283 39.91 7.89 0.290 0.355 0.024 0.020 0.024 1.10
23 256 40.15 8.42 0.265 0.325 0.026 0.018 0.026 1.33
16 discarded plot ★ * * * * *

Nitram 2 272 37.90 10. 65 0.285 0.350 0.022 0.021 0.023 1.72
7 294 37.59 10.70 0.265 0.325 0.029 0.019 0.024 1.52
11 269 38.34 11.05 0.275 0.335 0.022 0.025 0.023 1.62
14 278 39.64 10.59 0.290 0.340 0.023 0.020 0.022 1.64
15 282 38.78 10.60 0.250 0.305 0.028 0.025 0.024 1.51
22 272 34.53 11.82 0.260 0.315 0.023 0.022 0,025 1.49

Organic 1 279 39.83 9.22 0.270 0.340 0.019 0.017 0.024 1.75
5. 278 38.80 9.42 0.300 0.325 0.023 0.019 0.023 1.55
10 263 41.01 8.75 0.285 0.345 0.032 0.020 0.024 1.52
17 303 40.58 10.15 0t 315 0.360 0i 026 0.024 0.025 1.49
19 277 39.47 9.33 0.295 0.335 0.039 0.020 0.023 1.52
20 239 40.21 8.79 0.310 0.320 0.021 0.026 0.029 1.57

BD 3 248 41.54 9.07 0.280 0.341 0.022 0.019 0.026 1.54
4 275 37.41 10.11 0.225 0.295 0.019 0.016 0.023 1.35
9 253 40.23 8.91 0.265 0.320 0.023 0.020 0.026 1.30
12 240 40.89 8.82 0.240 0.330 0.02 6 0.019 0.024 1.86
21 234 41.89 8.62 0.280 0.335 0.031 0.024 0.023 1.63
24 250 39.21 8.99 0.270 0.330 0.025 0.018 0.026 1.38
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Appendix 5 : Potato 93 Plot Yields and Storage Assessment data

Spli-plot RCB Field Trial with 6 blocks 4 systems and 2 varieties.
Systems : l=Control, 2=NPK, 3 & 4=Blind Organic & BD Composts.

Varieties : l=Cara, 2=Pentland Crown. Unit: Kg/plot
Plot Block System Variety Yield Ware Chats Damaged DM% Disease
(ßm*) 1 to 6 1 to 4 1 & 2 (score)
1 1 1 1 17.70 15.95 0.92 0.83 24.4 0
1 1 1 2 16.73 14.00 1.10 1.63 23.8 4
6 2 1 1 18.41 15.50 0.81 2.10 22.8 2
6 2 1 2 20.95 18.80 0.46 1.69 25.0 7
9 3 1 1 20.43 16.40 0.88 3.15 23.4 0
9 3 1 2 15.98 12.90 0.39 2.69 24.6 1
14 4 1 1 20.07 17.40 0.57 2.10 23.8 0
14 4 1 2 16.50 16.15 0.35 0.00 23.8 4
20 5 1 1 17.70 16.40 1.19 0.11 23.7 0
20 5 1 2 12.84 10.30 0.46 2.08 23.0 0
23 6 1 1 19.20 18.05 0.85 0.30 23.0 1
23 6 1 2 16.43 10.20 0.53 0.70 23.6 1
2 1 2 1 22.04 20.20 0.10 1.74 21.6 1
2 1 2 2 20.33 18.90 0.74 0.69 21.7 6
8 2 2 1 26.30 16.72 0.85 8.73 21.6 0
8 2 2 2 19.89 18.80 0.79 0.30 20.6 3
12 3 2 1 23.93 19.60 0.86 3.47 22.0 0
12 3 2 2 16.79 13.40 0.55 2.84 22.6 1
16 4 2 1 23.37 18.50 1.05 3.82 24.3 1
16 4 2 2 15.31 13.20 0.66 1.45 20.5 3
19 5 2 1 25.68 22.50 0.98 2.20 21.5 1
19 5 2 2 19.79 18.10 1.13 0.56 21.5 1
21 6 2 1 20.40 15.80 1.32 3.28 23.6 0
21 6 2 2 14.28 11.50 0.65 2.13 23.4 0
3 1 3 1 21.10 16.80 1.47 2.83 22.2 1
3 1 3 2 17.07 15.50 0.50 1.07 23.4 0
5 2 3 1 20.78 17.20 0.88 2.70 22.9 0
5 2 3 2 15.17 14.40 0.53 0.24 23.8 2
11 3 3 1 21.39 12.65 0.93 7.81 22.6 1
11 3 3 2 18.93 13.80 0.93 4.20 22.5 1
15 4 3 1 24.88 18.60 1.06 5.22 22.8 0
15 4 3 2 11.60 9.90 0.87 0.83 24.3 0
18 5 3 1 20.70 16.90 1.00 2.80 22.1 1
18 5 3 2 14.15 12.80 0.64 0.71 23.1 1
22 6 3 1 8.53 7.00 0.93 0.60 24.4 0
22 6 3 2 10.20 9.15 0.75 0.30 25.9 2
4 1 4 1 22.42 21.65 0.77 0.00 22.0 0
4 1 4 2 18.43 17.90 0.50 0.03 23.8 0
7 2 4 1 20.37 16.00 0.83 3.54 22.1 0
7 2 4 2 15.77 14.10 0.55 1.12 22.7 0
10 3 4 1 17.58 12.80 0.40 4.38 24.1 0
10 3 4 2 13.81 12.50 0.46 0.85 24.3 0
13 4 4 1 24.30 22.10 0.78 1.42 23.0 0
13 4 4 2 15.03 14.00 0.52 0.51 23.1 2
17 5 4 1 18.58 12.20 1.21 5.17 22.6 0
17 5 4 2 12.38 11.30 0.36 0.72 23.6 0
24 6 4 1 20.70 14.20 0.98 5.52 22.0 0
24 6 4 2 19.60 19.03 0.57 0.00 24.0 0



[Po93]
Appendix 6: Potato 1993 Yield/Ha C Storage Quality data - Ton/Ha

Spli-plot RCB Field Trial with 6  blocks, 4 systems and 2 varieties« 
Systems; l=Control, 2=NPK, 3 & 4= Blind Organic & BD Composts.

Varieties : l=Cara, 2=Pentland Crown
Plot Block System Variety Yield Ware Chat Damag. Dry Y DWare DChat
(6n?j~1  to 6 1 to 4 1 & 2 /ha /ha /ha /ha /ha /ha /ha

1 1 1 1 29.50 26.58 1.53 1.38 7.20 6.49 0.37
1 1 1 2 27.88 23.33 1.83 2.72 6.64 5.55 0.44
6 2 1 1 30.68 25.83 1.35 3.50 7.00 5.89 0.31
6 2 1 2 34.92 31.33 0.77 2.82 8.73 7.83 0.19
9 3 1 1 34.05 27.33 1.47 5.25 7.97 6.40 0.34
9 3 1 2 26.63 21.50 0.65 4.48 6.55 5.29 0.16
14 4 1 1 33.45 29.00 0.95 3.50 7.96 6.90 0.23
14 4 1 2 27.50 26.92 0.58 0 . 0 0 6.55 6.41 0.14
2 0 5 1 1 29.50 27.33 1.98 0.18 6.99 6.48 0.47
2 0 5 1 2 21.40 17.17 0.77 3.47 4.92 3.95 0.18
23 6 1 1 32.00 30.08 1.42 0.50 7.36 6.92 0.33
23 6 1 2 27.38 17.00 0 . 8 8 1.17 6.46 4.01 0 . 2 1

2 1 2 1 36.73 33.67 0.17 2.90 7.93 7.27 0.04
2 1 2 2 33.88 31.50 1.23 1.15 7.35 6.84 0.27
8 2 2 1 43.83 27.87 1.42 14.55 9.47 6 . 0 2 0.31
8 2 2 2 33.15 31.33 1.32 0.50 6.83 6.45 0.27

1 2 3 2 1 39.88 32.67 1.43 5.78 8.77 7.19 0.32
1 2 3 2 2 27.98 22.33 0.92 4.73 6.32 5.05 0 . 2 1

16 4 2 1 38.95 30.83 1.75 6.37 9.46 7.49 0.43
16 4 2 2 25.52 2 2 . 0 0 1 . 1 0 2.42 5.23 4.51 0.23
19 5 2 1 42.80 37.50 1.63 3.67 9.20 8.06 0.35
19 5 2 2 32.98 30.17 1 . 8 8 0.93 7.09 6.49 0.40
2 1 6 2 1 34.00 26.33 2 . 2 0 5.47 8 . 0 2 6 . 2 1 0.52
2 1 6 2 2 23.80 19.17 1.08 3.55 5.57 4.49 0.25
3 1  ^ 3 1 35.17 28.00 2.45 4.72 7.81 6 . 2 2 0.54
3 1 3 2 28.45 25.83 0.83 1.78 6 . 6 6 6.05 0 . 2 0

5 2 3 1 34.63 28.67 1.47 4.50 7.93 6.56 0.34
5 2 3 2 25.28 24.00 0 . 8 8 0.40 6 . 0 2 5.71 0 . 2 1

1 1 3 3 1 35.65 21.08 1.55 13.02 8.06 4.76 0.35
1 1 3 3 2 31.55 23.00 1.55 7.00 7.10 5.18 0.35
15 4 3 1 41.47 31.00 1.77 8.70 9.45 7.07 0.40

' 15 4 3 2 19.33 16.50 1.45 1.38 4.70 4.01 0.35
18 5 3 1 34.50 28.17 1.67 4.67 7.62 6 . 2 2 0.37
18 5 3 2 23.58 21.33 1.07 1.18 5.45 4.93 0.25
2 2 6 3 1 14.22 11.67 1.55 1 . 0 0 3.47 2.85 0.38
2 2 6 3 2 17.00 15.25 1.25 0.50 4.40 3.95 0.32
4 1 4 1 37.37 36.08 1.28 0 . 0 0 8 . 2 2 7.94 0.28
4 1 4 2 30.72 29.83 0.83 0.05 7.31 7.10 0 . 2 0

7 2 4 1 33.95 26.67 1.38 5.90 7.50 5.89 0.31
7 2 4 2 26.28 23.50 0.92 1.87 5.97 5.33 0 . 2 1

1 0 3 4 1 29.30 21.33 0.67 7.30 7.06 5.14 0.16
1 0 3 4 2 23.02 20.83 0.77 1.42 5.59 5.06 0.19
13 4 4 1 40.50 36.83 1.30 2.37 9.32 8.47 0.30
13 4 4 2 25.05 23.33 0.87 0.85 5.79 5.39 0 . 2 0

17 5 4 1 30.97 20.33 2 . 0 2 8.62 7.00 4.60 0.46
17 5 4 2 20.63 18.83 0.60 1 . 2 0 4.87 4.44 0.14
24 6 4 1 34.50 23.67 1.63 9.20 7.59 5.21 0.36
24 6 4 2 32.67 31.72 0.95 0 . 0 0 7.84 7.61 0.23



[Po93]
Apr«.pHi.x 7: Potato 1993 Visual Assessment Score». Split-plot RCB

Field Trial with 6 blocks; 4 systems; 1»Control, 2=NPK, 3 & 4»
Blind Organic & BD Composts; 2 varieties: l»Cara, 2»Pentland Crown

Plot Block System Variety Weed Vigour Form Cover Blight
(6mz) 1  to 6 1 to 4 1  & 2 low=*l weak*l prostr.-1 open-l 1oW“1

hlgh~9 vigrs.-9 uprlght-9 dense-9 hiqh-9
1 1 1 1 4 5 7 5 5
1 1 1 2 4 4' 5 4 8
6 2 1 1 5 7 8 6 5
6 2 1 2 5 5 5 5 7
9 3 1 1 6 6 7 6 5
9 3 1 2 6 5 5 4 7
14 4 1 1 5 6 7 6 6
14 4 1 2 5 5 5 4 8
2 0 5 1 1 7 6 5 5 5
2 0 5 1 2 7 4 2 4 8
23 6 1 1 8 6 6 6 6
23 6 1 2 8 4 4 4 8
2 1 2 1 5 7 8 7 6

2 1 2 2 5 5 6 5 8
8 2 2 1 5 8 8 2 4
8 2 2 2 5 5 6 5 7

1 2 3 2 1 6 8 8 7 5
1 2 3 2 2 6 6 5 5 8
16 4 2 1 6 8 8 7 5
16 4 2 2 6 6 5 5 8
19 5 2 1 5 8 8 7 5
19 5 2 2 5 6 5 • 5 8
2 1 6 2 1 7 8 8 7 5
2 1 6 2 2 7 6 5 5 • 7
3 1 3 1 5 5 8 6 7
3 1 3 2 5 4 6 4 8
5 2 3 1 6 5 7 6 5
5 2 3 2 6 3 5 4 7

1 1 3 3 1 5 8 8 7 4
1 1 3 3 2 5 6 5 5 8
15 4 3 1 9 7 6 6 5
15 4 3 2 9 3 3 4 8
18 5 3 1 8 7 8 6 6

18 5 3 2 8 4 5 4 8
2 2 6 3 1 9 ' 5 6 5 6

2 2 6 3 2 9 4 4 3 8
4 1 4 1 6 7 8 7 4
4 1 4 2 6 6 6 5 7
7 2 4 1 5 6 6 5 6

7 2 4 2 5 4 4 3 8
1 0 3 4 1 6 6 7 6 5
1 0 3 4 2 6 4 5 4 7
13 4 4 1 6 7 7 6 6

13 4 4 2 6 4 5 4 8
17 5 4 1 5 6 6 5 6

17 5 4 2 5 4 4 3 8
24 6 4 1 7 7 7 6 5
24 6 4 2 7 5 6 6 7



[Po93]
Appendix 8: Potato 1993 Soil Nitrogen Analyses

Spli-plot RCB Field Trial with 6  blocks, 4 systems and 2 varieties
Systems: l=Control, 2=NPK, 3 & 4= Blind Organic & BD Composts.

Plot Block System Corrected results by regression using standards (mg.l'1)
(6mA) 1  to 6 1 to 4 NOj.l N03.2 NOj.3 NO3 .F NH4.1 NH4.2 NH4.3 NH4.F

1 1 1 2.56 2.96 0.58 1.53 1.07 0.52 0.70 0.36'
6 2 1 3.79 2.32 0.69 1 . 6 6 0.93 0.61 0.81 0.31
9 3 1 3.41 3.29 0.65 1.54 0.89 0 . 6 6 0.65 0.27

14 4 1 2.94 1.60 0.54 2.06 0.89 0.49 0.76 0.3

2 0 5 1 2.75 2.67 0.65 2 . 1 1 0.80 0.46 0.98 0.34
23 6 1 3.18 2.67 0.64 1.47 0.98 0.44 0.92 0.32

2 1 2 3.89 3.15 0.95 1.44 0.89 0.52 0.70 0.33

8 2  . 2 4.17 4.41 0.61 1.36 0.89 0.55 0.76 0.26

1 2 3 2 4.17 7.11 0.54 1.85 0.89 0.5 0.70 0.3

16 4 2 5.92 6.53 0.67 2.61 1.07 0.45 0.76 0.31
19 5 2 5.73 2.57 1.04 3.09 1.07 0.45 0.81 0.32
2 1 6 2 6 . 2 1 7.30 0.80 5.38 0.80 0.44 0.81 0.38

3 1 3 2.61 0.74 0.61 1.71 0.71 0.55 0.70 0.32

5 2 3 2.56 2.18 0.58 1.42 0.89 0.61 0.76 0.31

1 1 3 3 3.89 3.92 0.77 1.80 0.98 0.53 0.76 0.3

15 4 3 2.23 2.18 0.61 1.57 0.80 0.49 0.76 0.27

18 5 .3 3.37 3.09 0.61 1.67 0.89 0.46 0.81 0.44

2 2 6 3 3.70 1.80 0.64 1.45 0.80 0.49 0.92 0.37

4 1 4 3.51 2.09 0.69 1.76 0.98 0.61 0.43 0.34

7 2 4 2.61 1 . 1 2 0.46 1.56 0.98 0.59 0.70 0.3

1 0 3 4 3.37 3.54 0.50 0.99 0.98 0.52 0.70 0.24
13 4 4 3.22 2.28 0.67 1.30 0.89 0.49 0.76 0.29

17 5 4 3.13 1.31 0.77 1.34 0.98 0.5 0.84 0.3
24 6 4 3.84 - 2.47 0.65 2.77 0.89 0.44 0.92 0.33
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Appendix 10: Wheat Yields 1994: split-plot RCB field trial
with 4 blocks, 5 sprays and 4 soil treatments

Sprays : 1=H20, 2=Mimic, 3 S 4- Blind Organic and BD extracts 5*Nettle
Manures : l=control, iÏ- Nitram, 3 s 4* blind Organic and BD composts

Plot 21.7mJBlock SprayManure Yield-Kg HMC% Yieldl4% Y14(Kg/Ha)
14 1 1 1 8.30 16.32 8.08 3721.70
16 1 1 2 12.20 16. 95 11.78 5429.27
13 1 1 3 10.00 16.43 9.72 4478.08
15 1 1 4 9.40 17.13 9.06 4174.14
36 2 1 1 9.40 17.80 8.98 4140.39
35 2 1 2 11.10 16.50 10.78 4966.51
33 2 1 3 10.00 16.87 9.67 4454.51
34 2 1 4 10.40 17.68 9.95 4587.55
56 3 1 1 7.80 17.16 7.51 3462.39
55 3 1 2 9.30 18.00 8.87 4086.38
53 3 1 3 9.00 17.23 8.66 3991.69
54 3 1 4 9.80 17.75 9.37 4319.20
75 4 1 1 7.20 17.98 6.87 3164.42
74 4 1 2 9.60 19.30 9.01 4151.32
76 4 1 3 7.90 18.00 7.53 3471.22
73 4 1 4 8.40 17.48 8.06 3714.33
9 1 2 1 8.40 16.15 8.19 3774.19

11 1 2 2 12.80 16.17 12.48 5749.78
12 1 2 3 10.50 16.52 10.19 4696.92
10 1 2 4 10.70 16.40 10.40 4793.27
32 2 2 1 8.30 17.00 8.01 3691.46
29 2 2 2 11.30 18.53 10.70 4933.08
30 2 2 3 10.20 18.09 9.71 4476.92
31 2 2 4 10.00 18.15 9.52 4385.92
51 3 2 1 7.80 16.82 7.54 3476.60
52 3 2 2 9. 90 16.80 9.58 4413.67
49 3 2 3 8.40 17.16 8.09 3728.73
50 3 2 4 9.10 18.19 8.66 3989.23
72 4 2 1 7.40 17.93 7.06 3254.30
70 4 2 2 9.50 20.26 8.81 4059.21
71 4 2 3 9.50 18.32 9.02 4157.97
69 4 2 4 10.20 18.55 9.66 4451.77
3 1 3 1 8.50 15.70 8.33 3839.62
4 1 3 2 11.40 15.68 11.18 5150.83
2 1 3 3 9.80 15.87 9.59 4417.93
1 1 3 4 10.40 15.84 10.18 4690.09
24 2 3 1 7.30 16. 60 7.08 3262.35
22 2 3 2 11.20 17.20 10.78 4969.24
21 2 3 3 9.40 18.00 8.96 4130.32
23 2 3 4 10.10 17.20 9.72 4481.19

(Cont.)
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;
Appendix 10 (Cent.):Wheat Yield« 1994; split-plot RCB field trial
___________ with 4 blocks, 5 sprays and 4 soil treatments_____________

Sprays: 1-*H20, â Miinic, 3- Blind Organic and BP extracts, 5-Nettle.____
Manures: l=control, 2° Nitram, 3 s 4- Blind Organic and BD composts

Plot 21.7m2Block SprayManure Yield-Kg HMC% Yieldl4% Y14(Kg/Ha)
42 3 3 1 8.20 16.55 7.96 3666.76
44 3 3 2 11.30 18.06 10.77 4961.54
41 3 3* 3 10.10 16.55 9.80 4516.37
43 3 3 4 10.00. 16.55 9.70 4471.65
62 4 3 1 7.40 17.16 7.13 3284.84
61 4 3 2 9. 90 16.72 9.59 4417.92
63 4 3 3 9.90 17.38 9.51 4382.91
64 4 3 4 9.30 17.42 8.93 4115.28
7 1 4 1 8.40 16.77 8.13 3746.29
6 1 4 2 11.70 16.50 11.36 5234.97
8 1 4 3 9.40 16.13 9.17 4224.51
5 1 4 4 9.90 16.30 9. 64 4440.20
26 2 4 1 8.80 16.60 8.53 3932.70
28 2 . 4 2 11.00 17.48 10.55 4864.00
25 2 4 3 9.90 16.70 9.59 4418.98
27 2 4 4 9.40 17.00 9.07 4180.69
48 3 4 1 7.70 16.58 7.47 3441.94
45 3 4 2 13.00 19. 30 12.20 5621.58
46 3 4 3 9.90 17.95 9.45 4352.67
47 3 4 4 10.00 17.18 9.63 4437.90
65 4 4 1 8.60 17.46 8.25 3803.69
67 4 4 2 8.90 18.82 8.40 3871.51
68 4 4 3 8.10 17.76 7.75 3569.52
66 - 4 4 4 8.10 18.04 7.72 3557.37
19 1 5 1 7.40 17.39 7.11 3275.72
20 1 5 2 10.50 19.36 9.85 4537.13
18 1 5 3 9.00 17.63 8.62 3972.40
17 1 5 4 9.90 17.95 9.45 4352.67
37 2 5 1 9.00 17.00 8.69 4002.79
39 2 5 2 10.30 18.11 9.81 4519.70
40 2 5 3 9.20 17.84 8.79 4050.33
38 2 5 4 - 9.20 17.80 8.79 4052.30
60 3 5 1 7.30 17.40 7.01 3231.06
59 3 5 2 8.40 18.60 7.95 3663.92
58 3 5 3 7.30 19.50 6.83 3148.91
57 3 5 4 8.10 18.00 7.72 3559.10
80 4 5 1 7.50 17.92 7.16 3298.68
79 4 5 2 8.00 19.10 7.53 3468.01
77 4 5 3 7.20 18.68 6.81 3137.41
78 4 5 4 7.20 19.57, 6.73 3103.08
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Appendix 11: Wheat 1994 Quality Data. Split-plot RCB Field Trial
with 4 blocks, 5 sprays and 4 soil treatments

Sprays: 1=H20, 2=Mimic, 3 s 4- Blind Organic and BD extracts, 5-Nettle
Manures: l=Contirol, 2= Nitram, 3 & 4- Blind Organic and BD composts

Plot Block Spray Manure TGW (g) GMC% TGW14% HFN F1ourMC%
14 1 1 1 34.89 14.0 34.89 276 13.7
16 1 1 2 36. 64 14.2 36.55 262 13.7
13 1 1 3 36.98 14.7 36. 68 272 13.7
15 1 1 4 36.36 14.7 36.06 271 13.7
36 2 1 1 34.93 14.2 34.85 263 13.8
35 2 1 2 35.20 12.2 35.94 256 12.1
33 2 1 3 36.39 14.8 36.05 242 13. 9
34 2 1 4 36.31 14.2 36.23 247 12.6
56 3 1 1 35.63 14.0 35.63 270 13.5
55 3 1 2 36.84 14.9 36.45 2 62 13.9
53 3 1 3 35.71 13.7 35.83 256 11.9
54 3 1 4 35.37 13.3 35.66 265 12.8
75 4 1 1 . 35.93 13.7 36.06 273 13.8
74 4 1 2 36.48 13.7 36.61 277 13.5
76 4 1 3 37.00 15.3 36.44 271 14.1
73 4 1 4 36.81 13.8 36.90 272 13.2
9 1 2 1 36.12 13.8 36.20 2 62 13.6

11 1 2 2 38.32 14.3 38.19 263 13.5
12 1 2 3 37.28 13. 9 37.32 265 13.1
10 1 2 4 36. 90 14.1 36.86 262 13.3
32 2 2 1 36.33 15.1 35.87 265 13. 9
29 2 2 2 36.53 13.7 36. 66 262 13.3
30 2 2 3 35.76 13. 6 35.93 266 12.9
31 2 2 4 35.97 14.6 35.72 245 13.0
51 3 2 1 37.25 14.3 37.12 261 13.3
52 3 2 2 36.38 14.5 36.17 256 13.1
49 3 2 3 36.39 13.0 36.81 259 12.2
50 3 2 4 36.64 12.5 37.28 235 11.9
72 4 2 1 37.00 14.5 36.78 270 14.0
70 4 2 2 36.72 15.5 36.08 269 14.4
71 4 2' 3 35.50 12.4 36.16 277 12.3
69 4 2 4 36.83 15.0 36.40 265 14.4
3 1 3 1 37.24 14.4 37.07 265 13.6
4 1 3 2 37.33 11.9 38.24 268 12.6
2 1 3 3 36. 65 14.4 36.48 267 13.9
1 1 3 4 38.47 14.3 38.34 256 13.5
24 2 3 1 37. 98 14.9 37.58 276 12.6
22 2 3 2 36.87 13.0 37.30 264 12.4
21 2 3 3 38.29 14.4 38.11 286 13.5
23 2 3 4 37.70 13.8 37.79 282 13.1

4o\
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Appendix 11 (Continued ): Wheat 1994 Quality Data.
Split-plot RCB experiment with 4 blocks, 5 sprays and 4 soil treatments
sprays: 1-H20, 2-Mimic, 3 s 4- Blind Organic and BD extracts, 5-Nettle.
Manures: 1-control, 2= Nitram, 3 s 4= Blind Organic and BD composts

Plot Block Spray Manure TGW (g) GMC% TGW14 % HFN FlourMC%
42 3 •3 1 35.25 13. 6 35.41 280 11.7
44 3 3 2 36.31 15.1 35.85 266 13.6
41 3 3 3 36.35 13.8 36.43 273 11.7
43 3 3 4 35.35 13.4 35.60 289 13.0
62 4 3 1 35.33 13.5 35.54 272 13.0
61 4 3 2 37.31 14.0 37.31 282 13.3
63 4 3 , 3 36.55' 13.7 36. 68 266 13.5
64 4 3 4 37.20 14.8 36.85 282 13. 6
7 1 4 1 36.41 13.1 36.79 253 13.6
6 1 4 2 39.29 14.3 39.15 279 12.9
8 1 4 3 37; 41 14.3 37.28 274 13.8
5 1 4 4 36.92 13.3 37.22 288 12.7
26 2 4 1 36.31 14.6 36.06 261 •13.6
28 2 4 2 35.43 13.2 35.76 259 12.6
25 2 4 3 36.18 15.1 35.72 270 13.7
27 2 4 4 34.97 13.0 35.38 262 11.7
48 3 4 1 35.58 13.2 35.91 282 12.4
45 , 3 4 2 36.52 14.7 36.22 262 13.5
46 3 4 3 36.39 13. 6 36.56 276 12.8
47 3 4 4 37.08 14.4 36.91 272 13. 9
65 4 4 1 36.40 14.2 36.32 263 12.9
67 4 4 2 35.53 12.1 36.31 274 12.0
68 4 4 3 35.76 12.6 36.34 273 12.1
66 4 4 4 36.57 14.2 36.48 268 14.0
19 1 5 1 34.73 14.1 34.69 27 9 13.2
20 1 5 2 34.86 16.3 33. 93 261 14.1
18 1 5 3 36.01 14.3 35.88 273 13.7
17 1 5 4 36.48 15.0 36.06 275 13.7
37 2 5 1 35.57 14.0 35.57 262 13.5
39 2 5 2 35.32 14.2 35.24 262 13.8
40 2 5 3 35.00 14.5 34.80 258 13.5 .
38 2 5 4 34.33 14.9 33.97 253 13.5
60 3 5 1 35.09 14.5 34.89 261 12.9
59 3 5 2 35.24 14.4 35.08 256 12.8
58 3 5 3 35.03 14.6 34.79 242 14.5
57 3 5 4 • 36.37 14.1 36.33 266 13.4
80 4 5 1 33.77 12.7 34.28 257 12.0
79 4 5 2 35.69 14.4 35.52 239 13.3
77 4 5 3 36.25 13.7 36.38 267 13.6
78 4 5 4 35.42 14.2 35.34 247 13.4

402.
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id P CM Ĵ1 o CM 00 00 vo o 00 CO o CM <3* 00 CM O Of) CM CM VO VO 00 VO CO CM o CM(U o• m Ü «J* m rH CO on CM CM CO CO CO CO CO CM CO m o cn CO CO CO CM CO *p CO4-> •H m

no
Q 'w'

&tío dP ro Oi o vo m Oi <n T Oi 00 p '¡p o m CM m m <P CO CM m *p cn CM CM
UIICM

§ CM a CM CO rH m CM tH CO o CM o rH CO rH rH cn CM CO o rp CO CM CM CO Oi in oCM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM rH CM CM

-p ■Ö
o o Cn VO CM O p p CO m 00 CM O iO CM m o Oi *P P rH O VO VO o vo CM CO 00 o Oi

u j p 00 CM CM CM rH tH rH iH p- 00 m CM Oi vo Oi *5P VO CO 00 rH rH P CM Oi CO CM VO CO 00
a, •P ■p o CO O rH O rH rH CM rH CM CM tH O rH rH o o o CM CM rH rH o CO O rH O o o oN tí

0 P o o O a a O O O a o o o o O O o o o O o o O O o o O o o o o
« uIIrH

o
i •

n T)(Ö (u <DÖi CO Ch m rH CO m m vo 00 Oi rH Oi CO o rH m p P rH VO CO Oi o m CM «T
g 0) cn 00 o m rH in Oi CM H r* rH Oi p- cn CM cn o CM m cn CO M1 m rH CO rH M1

-o tí P
tí i o rH o o O o o O o rH rH o O o o o O o rH rH o o o rH o o o o o o

utí
QÌ (M

ß
$

Q

& nfl ■ö -p
(V tí •w « in VO Oi p r- o 00 CM vo CM p- VO CM Oi p* 00 CO VO CM CM m Oi vo m *p Oi 00 00 o<n <d <D p m ■*r vo m m r* m r- VO VO vo VO VO p- CO p VO CO P P P vo *p VO m m p pin rH u
sC in P >■. o o o o o o o o o O O o O O o o o o O O O o o o o o o o o oP p
<B (0 0 Q
<d a il nu n m p o Oi o o 00 vo CM r̂* Oi Oi o Oi Oi m vo p CM rH Oi 00 vo Oi o m CM o Oi m
.p m «d CM rH Oi CM vo r- in Oi o m m 00 o CM CO p* vo 00 o m CM p o 00 m o o
CQ m•P po CM CM CM CM CM CM CM CM CM <n CM (0 CM CO CM cn rH cn CM rH cn cn cn CM CM CM CM cn cn cn

n o
w(d U p 0)
m
T*

o •P p
<d
£

p CO CO 00 p- Oi CM rH 00 r- CM o CO 00 CO P 00 Tp P CM rH *P cn p VO o *P
£1 Q) CO tH VO lO vo rH r» Oi vo O r- CM CO m O M1 rH o CO 00 VO P in rH CM Oi CO vo in vo

•H VO •p r>1p CM CM CM CO CM on CM CM CM <n CM CM CM CM CM 00 CM cn CM CM CM CM CM cn CM CM CM CM CM CM
■H n Q

-p 8*•p tí CDt !
p p m Oi Oi m P- CO CM rH m p- cn VO CO Oi Oi Oi in o in CM VO rH 00 VO

O s> o VO rH p m vo 00 Oi o rH CO CM CO CO Oi rH m o P CM vo CM O o rH P M1Oi o
*—1 Ü

1
•

Cm rH o O rH m o o CM rH rH rH o CM Oi O o CM rH CO o CO O CO O ro Oi ro
id Q H rH rH rH rH rH rH rH H H rH H rH tH rH rH rH H H H rH H rH H H rH H rH

Oi *H
M

«
Oi E-» i£ ■o \rH

T3«H
U•rl

*H
Q)■H

o p in p rH on o VO CM VO rH o m m Oi rH CM P 00 P rH 00 Oi Oi o 00 rH rH CM
O o Oi rH CO CM 00 vo r- in Oi VO rH o cn vo CM VO Oi CM VO CO o P p Oi cn CO
P 0)-H tí Sp cn CM CO m (0 CO CO CO CO m m CO cn CM CM cn cn cn cn cn cn '¡p CM cn CM cn cn cn
p ip O' a
CM PQ o

t3O m o m o m o o CM o o o m m m o p- m o CM m m o P o ino CO CO m m.. fxS■o rH CM O o o Oi rH m m rH CM cn vo rH m Oi <p 00 Of)Oi m p rH rH Oití CD« p •H •H cn Oi COr- vo 00 m m invo CM 00 CM COcn m P cn p CM vo CM P cn voP O pH tH tH rH tH rH rH iH tH rH rH rH tH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rHc H& £1
0

u » n ill
4-> cn p CM

M
•H
iH tí

r* lX rH CM tH CM iH CM rH CM rH CM rH CM rH CM rH CM rH CM rH CM rH CM rH CM rH CM rH CM rH CM
H a o

CO -H •3 H
M tí

•rt
•b «

#
H

(N >1
id

m

0«

% oCM
Ï

p
a

CO
P
rH

CO CO CO CO CO <n M1 sr *sp ^P m m m in in m lO in m m m m

tH M VO

n

&p

o
0rH
PQ 1

 
to lO m VO VO rH rH CM CM <n cn 'T m m VO VO rH rH CM CM cncn ■«r m m vo vo

Aw *Pn -tí cn CO CO CM iH CM rH CM rH CM CM H CM rH 00 p 00 P 00 CO p p 00 00 pVO CO CO m to rH iH CM CM cncn <P P̂ m in rH rH CM CM cn CO «p m m
CM

■ 4o4



„_..
<#>
(D

m
p

-P

n
<da)m ■âp 10

0
10
0 001

001
001 10

0
10
0

10
0

10
0 001 10
0

10
0 001 10
0

10
0

10
0

10
0 001 10
0

10
0

10
0

10
0 001

001 10
0

10
0

10
0

10
0

10
0 O

00
mo
&o
o
KCM

H

•H
Q 40

Di
se
as
e

(s
co
re
)

VO
m
CD
en

00
'tr

00
on

00
on on

O KO

on
CM
on

CM
m

<3"
on

CM
on

o
<3*

CM
on 40

KO O
on

KO

on
CM
40

*3*
-M4

KO M 4 o
"3*

'M4
CM

00
on on on on

P î*l
vo o KO m 00 m O CO KO o o O 40 00 lO 00 on o 00 r- r- 40 KO 40 40 40

ao
y
a 23, [2

2 24, 21 22, 23, 24, CMCM 23,
o
z 25, 22. KO

CM CM
<T
CM [2

3. onCM CM
CM
on
CM 22

. on
CM

o
CM 25

.
22
.

23
.

22
.

22
.

21
.

22
. o

CM

To
n/

Ha m
(U
p
39

IrH

(D
0)U

1
?!P
Q

0.
15

1 
0.
09

0.
17 <3*O

o 0.
09

1 
0.
40

0.
11

1 
0.
33

0.
23

1 
0.
09

0.
29

0.
25

0.
29 KO

CM
o

j 
0.

20
 1

j 
0.
35
 1

0.
09

! 
0.
14 OrH

o 0.
19
 1

0.
20

0.
14
 1 on

o
o 0.

09 Or-
o 0.

34
0.
17

0.
35

0.
18
 J o

rH
o

1
«
■P
n
TJ

§
<M

3
S
5
Ff . 6

5
.4
0

. 6
8

.2
0

.4
0

.7
0

.4
5 00M* .9
7

.4
2

,1
5

.1
3

.1
2

,05

CM
00

OS1 ,38 ,6
0 CM

00
00
00 65 12

1

CM
M 4 97

1 OS

2
U

h
j

2L
A

1 •%
<D
S
Q

O o o o o rH o H o o rH rH rH rH o rH o o o o o o o O CM rH o rH o o

r? m
&

rH
P P4J«H

H
P
0)2HlO

S

V.P
Q

.3
2

.2
5

. 9
5

. 9
0

.0
1 1oiH . 9
1 KO

rH .3
1

.0
5

.0
4

.0
5

,9
3

,5
9

,3
3

,57

KO
O ,1

6
, 98 oo 86 94 46

L
Z 82

¿1 00
o 06 91 87«

3d
pam

rH rH o o rH rH O rH rH rH rH rH O rH rH rH rH H O rH o o rH rH o tH rH rH o o

0 m n a0>«1« m
Po
«dM

rH\
P .5

8
. 6
7

.8
7

.1
8

.4
5

. 9
0

.7
8 ÒCM .5
0

.1
0

,0
8

,7
5

,5
7

, 50 ,5
3

, 67 ,4
3

,1
3

,1
3 OS 73 52

89 62 50 17 80 95 08 27

0JJ j*
ü .3 ir> m on 'T m m lO 40 'T m KO 40 KO lO on 40 40 m 40 •SJ4

•

M o
H
A

p
X O

«a <U (U
«
X

\o Pn 1 .2
9 oo . 6
6

. 9
7

. 9
5

.7
1

.1
4

.1
9

.0
3

.7
2

,4
1

,8
3

, 98 ,44 ,42 95 OrH 65 40

L
0 rHon

66 44 10 14 71 57 21 39 14

«tJH
rC
P•H &o

r>tP
Q

'T tn on m 'T 40 IO en 'S4'T <3* 40 40 on <T 40 on on on M4IO 40 on ÇJ4

•H* r-H(0 BD
 c sfp .1
8

.1
8

. 9
5 m

.3
2

.2
8

.2
7

.1
8

.1
2

.0
7

.3
5

.9
5

,1
5

.2
8 o<T ■3
3J

,0
2

,6
8 os 72 38 _1
7J 40

so 00 on00 32 25 13
1 00

H
asasH

P£-«
TJ
H<D♦H
£Û

HJ
ü

P
£ 18, 18, 18,

11
8, 17, CM 17, 23, 21,

11
8, 17, tHCM 19. CMCM 18
, 40
CM 13
. O

CM 18
.

22
.

14
.

19
.

13
. 00

rH 21
.

20
.

20
.

24
.

15
.

20
.

0
P
«
P
0
Di

•H
<d
p
O

•o
«H
0)
•H
>*P 5.

76
5.
34

5.
78

4.
91

5.
05

7.
26

5.
16

6. 
69

6.
56

4.
86

5.
74

6.
12
 

1
__
__
__
__
__

1
6.
20

7.
28

5.
94
 

1

00

4.
24

5.
94

5.
49

6.
26
 
1

4.
37

5.
06

4.
93

5.
47
 
1

KO
KO

KO 6.
22

5.
82

6.
63

4.
48
 

j
5.
11

sp
li

t-
pl

ot
 r

c: Q
n
H
M
•H
TJ
e
g.

Ö•H
H
Xi

S
\
e» .4

2
.2
5

.5
0

.8
3

.1
7 0000 Oio r-

00
00
lO .5

8
,5
8

.8
3

,8
3

,8
3

,7
5 

1 i 
OS1 ,8

3 CM 40
O

00
o

o
o 33 OCM 08 33

 
I

OS 00 Il
i

00
 

j
92

flen
o

TJrH
Q)
*H

CM

1 
24. 23,

1 
22, 22,

1 
30, 21,

1 
29, 27,

1 
23, 22
. C'

en

. 
23
.

29
.

24
.

33
.

17
.

26
.

23
. 00

CM 19
.

CM
ch
rH CM 28

.
27
.

25
. O

m 20
.

24
.

a •H
•H

(U
P CM

SII
dd <4 rH CM rH CM rH CM rH CM rH CM rH CM rH CM H CM rH CM rH CM rH CM rH CM rH CM rH CM rH CM

CM
w
1 rH

oCM
ïH Sp
ra

y
to
 5

rH rH rH rH rH rH rH rH tH tH rH rH CM CM CM CM CM CM CM CM CM CM CM CM on on on on on m
rH

Sp
ra
ys

Bl
oc

k
1 

tO
 

É

rH rH CM CM on m '¡r 40 40 KO KO rH rH CM CM on m 40 40 KO KO rH rH CM CM en m

1 Pi
o t -aM3 O

rH Ch O
CM

O S
rH

1 
29

1 
30 oson O o

s
 

1

O S
’sr

1 
59

09 
1

KO 40 KO
rH

40rH 40
CM

KO
CM

40on KOon KO 40 KO
40

40
40 on on

rH
’S4
rH 24 onCM

*-/Of\



X—»
<#> n
(P Men

s o O o O O o n O o O O o o O o o o o 3 o 3 3 3 3 3 3 o 3
(P
en

q O o o 00 o O o 00 D D D D 3 D 3 D D D o 3 D D D 3 D D D 3 O
rH rH rH H rH H rH rH rH rH rH H rH rH H rH H H rH rH rH rH rH rH rH rH rH

In ■H
o Q LO
s- w
an (P X—
o
nt\l

n
cd

(P
U CM sr O CM 00 00 LO o 00 00 «r o CM ■S* 00 CM O 00 CM 'S* CM LO LO CO LO 'S* 00 M o CM

(P
m

o
ü 'S* lO 'S* rH d d CM CM d m 'S* 'S* en d d CM 'S* en O o S* d d 'S* d en CM •n 'S* en•H n

«HQ r
O
U (#> en en «r O LO 'S* LO en d 'S* en en r- 'S* 'S* o LO CM tO lO 'S* en CM IO 'S* 'S* 'S* d CM CM

5
P
Ö g CMo CM (O*S* rH lO CM S* H d o CM o rH d rH rH d CM d o 'S* d CM CM en en LO OÄ\ O CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM H CM CM

tí ¡ír—Co ITI i en 'S* d rH LO en en LO en LO r- lO 'S* CM P- lO 00 H O r- 00 <n d d LO CM 'S* H lO lO
0) Q H io o CM O rH H n H 'S* 'S* N o n N H o H 'S* 'S* H H H O H N o H 3 rH

1 M •• >i •
d en U U 3 o 3 3 o o o o o j o d 3 D 3 3 3 3 3 3 3 3 3 3 3 3 3 3

(d 5 eu Q
■P

i s <d
■§ c s r- m IO CM 00 00 LO 00 p d 00 d 00 p 00 LO 00 O 00 00 00 lO CM p CM 00 P- 00 O d

CM 1 LO o rH en rH 00 p LO r- H en CM rH LO CM LO d lO LO o r' en un CM P- en rH LO CM P
p *0 a o d o o o o o rH o CM rH rH o rH H o o o H CM o o o CM o o o o o O
P tí <p «
•H cd rH p
3O

m Pp S CM p CM rH O LO p LO o o d CM en d CM 00 d O O d rH rH rH en tO LO 00 p O LO
i7 0) en > 30 rH en en rH en N rH o rH o n 00 N LO d rH LO N CM d 3 3 en en d

CD
O'
cd

cdM
P,w

snm
V.î-l
Q

o o o rH o o rH o H rH rH rH rH rH o rH o rH H o rH rH rH rH o tH o o rH rH

M
0 lO (HP p rG CM r- IO (O r- p- o o lO IC CM o CM r*- CM 00 cn CM o lO LO r*- en lO en LO o o LO LOCQ m O

<d
MP
X

P rH LO LO 00 LO 'S* LO CM en rH d LO 00 o 00 tO en rH P- d rH en 'S* LO d p- CM o rH P
L*

d
O
O

.3
O

'S* en CO 'S« en 'S* 'S* 'S* *s* LO *3* LO 'S* LO en lO CM LO 'S* CM lO lO IO 'S* en 'S* *S* LO LO LO

X (PN X i (P •
Tl LO p U io 'S* en LO O 'S* d *3* 00 ■s* rH en lO rH d CM 'S* d LO o o CM en en 'S* 00 'T cn P- o1—4
(U m 1

en lO d en 'S* CM LO en 'S* O LO r- en CM d P- LO rH en 00 'S* LO rH rH r* CD en 'S* rH 'T
•H
>* P

o
i*

>.
U
Q

en d *s* LO 'S* LO 'S* 'S* 'S* LO 'S* d d 'S* d lO d iO d 'S* 'T 'S* 'S* lO d 'S* d 'S* 'S* 'S*

'S*01 !» ü 5OI _ Æ en m CM CM o 00 LO 00 m lO r* 00 CM CM r- 00 d CM CM CM CM LO d 00 o P* LO p- P" P
H cd Q

CQ \
(P

p en LO en en 'S* rH io 'S* LO 00 LO 'S* LO lO 00 en CM 00 d 00 P- d o r- P'* 00 en LO P
O M t* M r- V0 en m p 'S* 00 rH co d 00 00 p O LO 'S* LO 'T LO rH 00 CM P- CM LO rH LO CM LO rH
P E-* <ri rH rH rH CM rH CM rH CM rH CM rH H H CM rH CM rH CM rH CM rH CM rH CM H CM rH CM rH CM
cd O »p
o

T3 «—c •Hj-j Tl
04 CP cd r—4

(P
•H
>*
U

o d lO 00 iO 00 cn r- r- o rH LO en LO CM LO lO 'S* lO en en CM en CM lO LO LO rH CM rH

G
-H
|X|
«

O'
U

o

O
lO

en
'S*

CM
m

CM
r-

d

LO
d

LO
en
LO

CM
LO

00
LO

LO
LO

o
LO

rH
LO

o
LO

lO
lO

'S*
'S*

rH
P"

d

'S*
tO
LO

'S*
LO

r-
LO

p-
lO

O
LO

LO
lO

00
LO

LO
'S*

rH
LO

en
'S*

LO
lO

LO
LO

P
LO

J
p¿
+q
O

13
Q

c
0
u

tí-H
r-1

5N CM p CM r- lO d o r* r» en r-* CM CM LO p- CM LO d o lO to P* 00 o to o CM lO CM LO

<*>
«H X i *s* LO 'S* LO r- 00 LO en rH 00 rH 'S* *3* CM LO H CM 00 CM p r- LO CM o p- tO CM tO en CM
& H •o CM d d rH rH <n d r- 'S* o LO LO CM P- O rH O O d O •s* en d en o r- rH 00 rH 00
P n (P CM CM CM en CM CM CM CM CM cn CM CM CM CM CM on CM en CM CM CM CM CM CM CM CM CM CM CM CM

M •H
■H r—t

CX ü fcL■oC
e
0.
5*

a i g•H
(P
M CM

s
nCM

§ y# rH CM rH CM H CM rH CM rH CM H CM rH CM H CM rH CM rH CM H CM rH CM H CM rH CM rH CM
•< rH

OCM LO
X cd
n M d d <o (O CO <o 'S* 'S* 'S* 'S* 'S* 'S* •S* 'S* 'S* 'S* 'S* 'S* lO O LO lO lO lO tO lO LO lO lO LOi—C acri rH
en
Ü

M
o

Li>
cd
u
&CQ

o'—i 
PQ

0p 'S* 'S* m in LO LO rH rH CM CM en d 'S* 'S* LO LO LO LO rH rH CM CM en m 'T 'S* lO LO L0 V0

P aLO
en 'S* 'S* d 'S* d CM rH CM rH CM rH CM CM rH CM rH CO P*» 00 P*" 00 00 p P- 00 00 p
d d "T «r lO LO rH rH CM CM d d 'S* 'S* tO iO rH H CM CM d d 'S* 'S* LO lO

04 1 1



Po94Vis

Appendix 14: Potato 1994 Visual Assessment Scores (1-9)
Split-plot RCB Field Trial with 6 blocks, 5 sprays and 2 manures.
Sprays: 1-H20, 2=Mimic, 3« blind Organic & BD compost extracts, 5-Nettle.

Manures: 1-Control, 2=Compost. Obs. date: 18/04/94.
Plot Block Spray Manure Vigour Growth Canopy Blight
(6m2) 1 to 6 1 to 5 1 & 2 of Plants Form Cover Damage

weak=l prostr.-l open=l low=l
vigrs.-9 upright-9 dense-9 high*9

10 1 1 1 4 5 4 4
9 1 1 2 4 5 5 5
20 2 1 1 6 6 6 4
19 2 1 2 4 5 3 6
29 3 1 1 5 6 5 5
30 3 1 2 6 6 7 5
39 4 1 1 4 4 4 5
40 4 1 2 5 6 6 5
50 5 1 1 7 7 7 5
49 5 1 2 3 6 3 7
59 6 1 1 5 5 5 5
60 6 1 2 7 7 7 3
6 1 2 1 2 5 3 6
5 1 2 2 4 6 5 5
16 2 2 1 4 5 5 4
15 2 2 2 6 6 7 5
25 3 2 1 2 4 2 7
26 3 2 2 4 5 4 6
35 4 2 1 4 5 4 4
36 4 2 2 5 6 5 4
46 5 2 * 1 4 5 3 6
45 5 2 2 5 ' 5 4 6
56 6 2 1 4 4 3 6
55 6 2 2 5 5 4 6
3 1 3 1 4 6 4 4
4 1 3 2 3 6 4 5
13 2 3 1 6 5 5 4
14 2 3 2 7 7 7 4
24 3 3 1 3 5 5 6
23 3 3 2 6 6 4 5
33 4 3 1 4 5 4 5
34 4 3 2 4 5 4 5
44 5 3 1 3 4 3 6
43 5 3 2 5 5 4 6
54 6 3 1 5 5 6 4
53 6 3 2 5 5 6 4

(Cont.)
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Appendix 14 (Cont.): Potato 1994 Visual Assessment Scores
Split-plot RCB Field Trial with 6 blocks, 5 sprays and 2 manures. 
Sprays: 1=H20, 2=Mimic, 3* blind Organic & BD compost extracts, 5-Nettle.

Manures: 1—Control, 2—Compost. Obs. date: 18/04/94.
Plot Block Spray Manure Vigour Growth Canopy Blight
( 6m2 ) 1 to 6 1 to 5 1 & 2 of Plants Form Cover Damage

weak-1 prostr.-1 open-1 low-1
vigrs.-9 upright-9 dense-9 high-9

2 1 4 1 4 7 5 3
1 1 4 2 7 7 7 3
11 2 4 1 5 5 6 5
12 2 4 2 5 5 6 5
21 3 4 1 5 6 5 5
22 3 4 2 3 5 5 6
31 4 4 1 5 5 5 5
32 4 4 2 6 6 6 4
42 5 4 1 2 3 3 5
41 5 4 2 5 6 6 5
52 6 4 1 5 5 6 4
51 6 4 2 5 5 6 5
8 1 5 1 4 5 4 4
7 1 5 2 3 5 4 6
17 2 5 1 5 5 5 6
18 2 5 2 5 6 5 5
27 3 5 1 4 5 5 5
28 3 5 2 5 6 7 4
38 4 5 1 3 4 3 7
37 4 5 2 5 5 • 4 7
47 5 5 • 1 5 5 4 5
48 5 5 2 4 5 4 5
58 6 5 1 4 5 4 5
57 6 5 2 5 6 4 5
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[WY95]
Appendix 19: Wheat Yields 1995; blind split-plot RCB Fiald Trial
_________with 6 blocks, 4 soil treatments and 2 sprays.

Manures; l°Control, 2- Nitram,
3 & 4“ BJLind O]r gani c tmd BD Composts. Sprays : 1-H20, 2-P501

Plot 15.3m2 Block Manure Spray Yield-Kg HMC% Yieldl4* Y (Kg/Ha)6 1 1 1 1.8 15.7 1.76 1153.215 1 1 2 1.6 16.1 1.56 1020.2212 2 1 1 2.7 13.8 2.71 1768.8111 2 1 2 2.3 14.8 2.28 1489.2824 3 1 1 3.0 16.0 2.93 1915.1823 3 1 2 2.4 16.2 2.34 1528.5032 4 1 1 1.7 17.1 1. 64 1071.0631 4 1 2 1.8 16.4 1.75 1143.6435 5 1. 1 1.6 16.2 1.56 1019.0036 5 1 2 1.9 14.9 1.88 1228.8348 6 1 1 1.9 15.5 1.87 1220.1747 6 1 2 2.5 14.1 2.50 1632.097 1 2 1 1.6 16. 9 1.55 1010.498 1 2 2 2.3 16. 9 2.22 1452.5816 2 2 1 2.5 16.2 2.44 1592.1915 2 2 2 3.8 14.3 3.79 2475.0019 3 2 1 3.8 15.1 3.75 2451.8920 3 2 2 3.8 14.4 3.78 2472.11
28 4 2 1 2.0 16.7 1.94 1266.1527 4 2 2 2.0 15.9 1. 96 1278.3138 5 2 1 2.4 16. 6 2,33 1521.2037 5 2 2 2.1 16.2 2.05 1337.4446 6 2 . 1 3.3 14.5 3.28 2144.3245 6 2 2 2.8 14.1 2.80 1827.941 1 3 1 1.8 15.8 1.76 1151.852 1 3 2 2.1 14.4 2.09 1366.179 2 3 1 1.8 • 16.2 1.75 1146.3710 2 3 2 1.6 15.1 1.58 1032.3822 3 3 1 1.3 17.9 1.24 811.1421 3 3 2 1.4 18.1 1.33 871.4125 4 3 1 2.2 17.7 2.11 1376.0426 4 3 2 1.3 20.1 1.21 789.4139 5 3 1 1.6 19.1 1.51 983.7440 5 3 2 1.9 18.7 1.80 1173.9643 6 3 1 1.5 18.5 1.42 929.0944 • 6 3 2 1.2 20.8 1.11 722.303 1 4 1 1.7 15.4 1.67 1093.024 1 4 2 1.4 15.9 1.37 894.8213 2 4 1 2.4 16.0 2.34 1532.1514 2 4 2 2.4 15.4 2.36 1543.0917 3 4 1 1.2 17.5 1.15 752.3918 3 4 2 1.7 16.9 1.64 1073.6429 4 4 1 1.3 22.1 1.18 769.6530 4 4 2 1.0 21.5 0.91 596.6033 5 4 1 1.4 19. 9 1.30 852.2634 5 4 2 1.0 19.2 0.94 614.0842 6 4 1 1.2 22.0 1.09 711.3541 6 4 2 1.7 20.5 1.57 1027.13
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Appendix 20: Wheat Quality 1995: blind split-plot RCB experiment

with 4 soil treatments and 2 sprays. Plot - 15.3mz
Manures: l=Control, 2= Nitram, 3 & 4* Blind Organic and BD Composts
> Sprays: 1=H20, 2-P501 NPK - mg. I"1

Plot Block Manure Spray TGW(g) GMC% TGW14% HFN FlourMC% N P K
6 1 1 1 28.52 14.7 28.29 270 12.2 54.02 13 15.00
5 1 1 2 29.50 15.0 29.16 272 12.2 57.12 13.4 16.19
12 2 1 1 29.00 14.3 28.90 287 11.5 55.72 12.9 14.80
11 2 1 2 28.70 14.5 28.53 277 11. 6 55.82 13.2 15.20
24 3 1 1 30. 92 14.1 30.88 277 11.4 56.82 13. 6. 15.99
23 3 1 2 29. 91 13.8 29. 98 265 11.3 56.32 13.2 15.99
32 4 1 1 27.55 13.6 27.68 271 12.3 59.68 12.3 16.79
31 4 1 2 27.56 13.8 27.62 259 12.0 56.88 12.6 15.99
35 5 1 1 27.94 13.3 28.17 273 12.1 62.48 12.6 16.98
36 5 1 2 28.03 12.9 28.39 268 12.4 56.38 12.8 16.39
48 6 1 1 30.29 13.7 30.40 268 13.0 59. 68 13.2 17.18
47 6 1 2 30. 66 13.4 30.87 266 12.5 60. 08 12.4 16.19
7 1 2 1 27.94 14.6 27.75 269 12.2 77.82 13. 6 15.99
8 1 2 2 28.74 15.0 28.41 2 62 12.3 84.92 13.9 16.39
16 2 2 1 28.03 13.7 28.13 289 11.2 86.72 14 17.18
15 2 2 2 28.38 13.3 28.61 278 11.2 82.22 13 14.60
19 3 2 1 28.50 14.2 28.43 287 11.5 80.12 13.5 16.59
20 3 2 2 30.13 13.7 30.24 275 11.1 77.92 13. 6 16.39
28 4 2 1 27.18 13.6 27.31 284 12.1 84.18 12.4 16.98
27 4 • 2 2 26.33 13.5 26.48 273 11.9 77.88 11.7 15.59
38 5 2 1 28.42 14.1 28.39 273 13.1 82.88 12.6 15.99
37 5 2 2 27.17 13.4 27.36 288 13.2 81.48 12 15.99
46 6 2 1 29.28 13.3 29.52 267 12.2 76.28 12.3 15.99
45 6 2 2 28.58 12.9 28.95 248 12.3 80. 68 12.9 15.00
1 1 3 1 29.00 14.7 28.76 270 12.5 66.92 14.2 17.18
2 1 3 2 27.70 14.1 27.67 273 11.6 63.22 13.6 16.79
9 2 3 1 28.40 14.9 28.10 282 12.0 63.62 13.5 15.59
10 2 3 2 28.43 14.7 28.20 269 11.5 62.82 14.6 16.59
22 3 3 1 28.85 14.7 28.62 281 11.8 67.22 15 18.77
21 3 3 2 30.20 14.1 30.16 268 11.6 61.52 12.8 15.00
25 4 3 1 28.99 14.6 28.79 294 11.4 63.18 12.3 16.19
26 4 3 2 27.06 13.8 27.12 271 11.4 64.18 12.8 17:i8
39 5 3 1 28.08 14.2 28.01 270 13.2 68.58 13.2 17.38
40 5 3 2 28.33 13.9 28.36 270 12.9 62.18 12.1 16.79
43 6 3 1 28.18 13.3 28.41 268 12.5 65.18 12.1 17.38
44 6 3 2 27.34 13.4 27.53 274 12.9 66.28 13.8 17.98
3 1 4 1 27.54 14.3 27.44 275 12.0 72.32 15.2 17.78
4 1 4 2 29.21 14.5 29.04 273 12.5 63.72 13.6 15.79
13 2 4 1 28.40 14.9 28.10 271 11.6 73. 92 13. 9 17.38
14 2 4 2 28. 96 13.8 29.03 286 11.4 69.02 14 15.99
17 3 4 1 28.58 13.4 28.78 267 11.3 66.92 13.8 17.38
18 3 4 2 29.71 14.3 29. 61 284 11.4 64.52 13.7 17.38
29 4 4 1 28.67 13.6 28.80 282 12.2 63.38 12.8 16.59
30 4 4 2 26. 86 13.8 26. 92 275 12.1 68.08 12 15.99
33 5 4 1 27.95 13.9 27.98 270 13.1 68.48 11. 6 16.98
34 5 4 2 25.82 13.1 26.09 274 12.4 71.88 14.7 19.57
42 6 4 1 28.04 13.4 28.24 259 12.6 67.08 12.5 17.5841 6 4 2 28.22 13.8 28.29 272 13.3 66.78 12.6 17.18
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Appendix 21: Potato 1995 Plants DGA. RCB field trialwith 6 blocks. 4 manures & 2 sprays. Sprays : 1-H20 control, 2«P501.Manures l=control, 2-NPK, 3 i 4=Blind Organic 6 BD (compost+mulch)Sampling dates: 06/08; 11/09 & 18/09/95Plot Block Manure Spray No.stems Plantsl No.stems Plants2 No.stems Plants3
Obs. 1 DW (g) Obs. 2 DW (g) Obs. 3 DW (g)1 1 1 1 2 28.72 3 24.21 2 9.042 1 1 2 3 30.42 5 18.47 4 47.8312 2 1 1 2 6.45 2 3.76 5 9.4811 2 1 2 4 17.49 3 10.11 2 11.4317 3 1 1 2 20.10 4 41.00 1 18.6718 3 1 2 2 37.11 2 40.35 2 16.5428 4 1 1 3 26.88 3 17.94 6 27.7727 4 1 2 3 19.99 2 17.92 5 14.6039 5 1 1 3 22.56 4 14.99 7 22.0140 5 1 2 4 - 13.69 3 20.49 4 15.0946 6 1 1 5 40.32 8 40.50 5 44.2345 6 1 2 1 6.95 7 17.61 3 23.524 1 2 1 2 39.88 2 32.45 5 34.803 1 2 2 4 64.21 5 66.04 3 51.9516 2 2 1 3 39.04 5 51.68 1 22.5115 2 2 2 5 64.72 4 39.78 3 38.1723 3 2 1 6 48.51 2 24.73 3 39.31

24 3 2 2 7 87.18 7 59.50 10 96.9932 4 2 1 3 49.36 6 67.80 3 34.06
31 4 2 2 5 75.47 5 65.21 5 36.5237 5 2 1 6 50.97 6 54.47 4 43.7238 5 2 . 2 3 32.64 1 5.96 5 59.0541 6 2 1 4 36.17 3 26.28 3 25.5042 6 2 2 4 38.03 3 47.81 2 16.456 1 3 1 4 41.66 3 25.40 3 71.425 1 3 2 3 26.69 6 42.53 5 27.129 2 3 1 4 12.25 8 40.21 5 85.8210 2 3 2 4 18.59 6 29.10 4 14.5322 3 3 1 5 36.08 5 41.24 9 64.3421 3 3 2 5 54.11 6 46.30 4 19.8730 4 3 1 6 26.00 3 . 39.47 5 17.2129 4 3 2 4 13.84 3 17.09 4 14.2235 5 3 1 6 31.02 6 37.80 6 24.4336 5 3 2 6 27.00 3 25.63 6 26.8843 6 3 1 4 37.95 3 33.09 5 34.8044 6 3 2 4 48.27 4 20.41 4 36.707 1 4 1 4 30.46 5 36.66 7 43.868 1 4 2 3 22.48 2 15.91 6 39.9614 2 4 1 3 10.13 5 24.32 4 25.0513 2 4 2 5 30.47 5 32.92 3 42.4719 3 4 1 5 20.91 3 7.91 5 21.2520 3 4 2 5 21.49 6 19.24 4 20.0426 4 4 1 6 31.43 3 42.07 3 66.9725 4 4 2 4 16.50 3 17.92 5 42.4833 5 4 1 4 25.55 3 17.01 5 32.2434 5 4 2 5 23.31 4 24.75 4 13.9348 6 4 1 2 23.32 3 10.60 4 34.7447 6 4 2 4 41.76 4 28.02 5 28.08
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_____ Appendix 22: Potato 1995 Weeds DGA. RCB field trial______
with 6 blocks, 4 manures & 2 sprays. Sprays: 1-H20 control, 2-P501. 
Manures: 1-control, 2=NPK, 3 & 4«Blind Organic s BD (compoat+mulch)

Sampling datea; 06/08; 11/09 & 18/09/95
Plot Block Manure Spray Weeds1 Weeds2 Weeds3

DW (g) DW (g) DW (g)
1 1 1 1 59.18 37.10 14.73
2 1 1 2 5.10 7.35 26.50
12 2 1 1 20.12 21.21 27.87
11 2 1 2 22.78 52.78 32.23
17 3 1 1 6.54 33.07 7.47
18 3 1 2 1.24 2.55 9.56
28 4 1 1 1.94 28.49 0.42
27 4 1 2 9.66 6.64 13.18
39 5 1 1 42.91 12.92 0.85
40 5 1 2 14.54 9.02 21.76
46 6 1 . 1 2.47 2.68 2.23
45 6 1 2 37.90 1.40 23.51
4 1 2 1 0.00 3.43 1.46
3 1 2 2 0.92 0.00 1.93
16 2 2 1 14.04 21.53 31.14
15 2 2 2 5.68 7.35 14.02
23 3 2 1 19.26 11.46 22.39
24 3 2 2 13.39 29.08 5.72
32 4 2 1 16.41 5.94 16.12
31 4 2 2 38.22 7.00 7.27
37 5 2 1 18.32 19.86 6.26
38 5 2 2 32.36 90.50 4.75
41 6 2 1 101.43 119.74 27.62
42 6 2 2 22.09 6.33 26.49
6 1 3 1 0.00 6.22 0.00
5 1 3 2 2.12 4.52 7.09
9 2 3 1 18.78 0.56 0.00
10 2 3 2 29.91 5.04 11.36
22 3 3 1 2.37 3.86 3.22
21 3 3 2 3.38 4.52 30.32
30 4 3 1 20.84 13.19 6.46
29 4 3 2 36.32 39.02 13.19
35 5 3 1 10.46 11.63 17.38
36 5 3 2 4.86 23.01 24.71
43 6 3 1 16.75 27.89 5.63
44 6 3 2 1.03 2.69 34.97
7 1 4 1 16.95 9.02 0.73
8 1 4 2 5.49 4.07 1.18
14 2 4 1 25.01 25.71 25.30
13 2 4 2 5.72 19.02 4.07
19 3 4 1 31.64 61.08 12.01
20 3 4 2 27.50 57.63 30.88
26 4 4 1 17.72 15.18 22.45
25 4 4 2 33.84 16.16 7.73
33 5 4 1 7.68 33.14 5.87
34 5 4 2 29.90 31.12 21.54
48 6 4 1 129.11 13.55 20.23
47 6 4 2 40.09 4.68 3.58

4xx
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Appendix 26: Potato 1995 Foliage Visual Assessment Scores.
RCB field trial with 6 blocks, 4 manures and 2 sprays.

Assessment Scores (1-9) - Obs date: 21/09/95
Manures l=control, 2 »NPK, 3 & 4-Blind Organic & BD (compost+mulch)

Sprays: 1-H20 control, 2-P501
Plot Block Manure Spray Vigour Growth Canopy Drought Blight Weed
NO. (1 -6 ) (1-4) (ls2 ) Form Cover Resistance Infest.

II U M M weak» 1 prostr. - 1 open- 1 low- 1 low- 1 low- 1M M U II vigrs.-9 upright=9 dense-9 high-9 hiqh-9 high-9
1 1 1 1 3 6 4 3 4 8

2 1 1 2 4 6 5 4 5 7
1 2 2 1 1 3 6 4 4 4 7
1 1 2 1 2 4 6 5 5 5 6

17 3 1 1 4 6 4 4 4 6

18 3 1 2 3 5 3 3 3 7
28 4 1 1 2 6 2 1 1 5
27 4 1 2 2 6 2 2 2 5
39 5 1 1 2 6 3 3 4 7
40 5 1 2 2 6 2 2 3 7
46 6 1 1 2 6 3 2 3 6

45 6 1 2 1 6 2 1 2 7
4 1 2 1 5 6 5 5 5 6

3 1 2 2 8 7 8 7 7 3
16 2 2 1 8 7 8 7 7 5
15 2 2 2 7 7 7 6 7 5
23 3 2 1 5 7 5 5 4 6

24 3 2 2 6 7 6 6 5 7
32 4 2 1 7 7 6 7 6 6

31 4 2 2 8 8 8 8 7 4
37 5 2 1 5 7 5 4 3 7
38 5 2 2 6 7 6 5 4 6

41 6 2 1 6 8 6 5 5 7
42 6 2 2 7 8 7 6 6 7

6 1 3 1 6 6 6 7 7 5
5 1 3 2 7 7 7 8 7 5
9 2 3 1 6 7 5 7 7 6

1 0 2 3 2 7 6 7 8 8 5
2 2 3 3 1 7 6 7 7 6 6

2 1 3 3 2 8 7 8 8 8 5
30 4 3 1 6 7 6 7 6 7
29 4 3 2 7 6 7 8 8 5
35 5 3 1 6 7 6 7 7 7
36 5 3 2 5 6 5 6 5 8

43 6 3 1 7 7 6 7 5 7
44 6 3 2 8 7 7 8 7 7
7 1 4 1 8 7 8 8 8 5
8 1 4 2 7 • 6 7 8 7 6

14 2 4 1 6 6 6 8 8 6

13 2 4 2 7 6 6 7 7 6

19 3 4 1 6 6 5 6 6 7
2 0 3 4 2 6 6 5 6 6 726 4 4 1 7 7 6 7 6 7
25 4 4 2 6 6 5 7 6 8

33 5 4 1 6 7 6 7 5 7
34 5 4 2 5 6 5 6 5 8

48 6 4 1 8 8 7 8 7 747 6 4 2 8 8 7 7 7 7



Appendix 27 : Wheat 1996 Randomisation 1 - Silicon Sprays
Wheat 1996 - Silicon Sprays Greenhouse Experiment 1. Blocks I
(Genstat 5: 6 block random permutations of 20 numbers).

1
2 units [20]
3 vari [values=l
4 for [n=6]
5 randomize x
6 print x
7 endfor

20] x

I
Place POT no.
1 3.00
2 12.00
3 9.00
4 . 15.00
5 20.00
6 13.00
7 16.00
8 6.00
9 14.00
10 17.0.0
11 10. 00
12 7.00
13 2.00
14 18.00
15 4.00
16 8.00
17 19.00
18 11.00
19 5.00
20 1.00

II POT no.
1 18.00
2 20.00
3 1.00
4 19.00
5 3.00
6 6.00
7 15.00
8 4.00
9 10.00
10 11.00
11 16.00
12 14.00
13 13.00
14 8.00
15 9.00
16 17.00
17 5.00
18 2.00
19 12.00
20 7.00

III
POT no.
7.00

10.00
6 . 0 0
9.00 •

11.00
13.00
4.00

18.00
2 .0 0

17.00
15.00
19.00
16.00
3.00
5.00

20.00
8.00

12.00
14.00
1.00

IV
POT no.

1.00
14.00
7.00
4.00
15.00
16.00
12.00
17.00
20 .00
5.00

10.00
9.00
11.00
6.00
3.00

13.00
2.00

18.00
19.00
8.00

V
POT no■

8 . 0 0
15.00
10.00
17.00
3.00
2.00
4.00

11.00
1.00

19.00
16.00
13.00
18.00
7.00

12.00
5.00
6.00
9.00

14.00
20.00

VI
POT no,

5.00
13.00
2 0 . 0 0

6.00
4.00

16.00
1.00

12.00
7.00

18.00
8 . 0 0

19.00
10.00
3.00
9.00

11.00
17.00
15.00
14.00

2. 00

- VI



Wheat 1996 - Organic Extracts Greenhouse Experiment 2. Blocks I - VI
(Genstat 5: 6 block random permutations of 20 numbers).

Appendix 28: Wheat 1996 Randomisation 2 - Organic Extracts

I
Place POT no.
1 13.00
2 16.00
3 10.00
4 1.00
5 2.00
6 20.00
7 8.00
8 17.00
9 15.00
10 18.00
11 19.00
12 7.00
13 3.00
14 11.00
15 9.00
16 6.00
17 14.00
18 5.00
19 4.00
20 12.00

II POT no.
1 - 16.00
2 18.00
3 5100
4 10.00
5 3.00
6 17.00
7 9.00
8 20.00
9 6.00
10 1. 00
11 15.00
12 8.00
13 14.00
14 7.00
15 12.00
16 2.00
17 11.00
18 4.00
19 19.00
20 13.00

Ill
POT no.
13.00
14.00

2 . 0 0
10.00
4.00
7.00
16.00
18.00
11.00
9.00
5.00
8.00
17.00
15.00

6 . 0 0
1.00

12.00
19.00
3.00

20 .00

IV
POT no.

4.00
11.00

2.00
8.00
6.00

13.00
17.00
14.00
20.00
12.00
9.00
1.00
18.00
7.00
19.00
10.00
5.00

15.00
16.00
3.00

V
POT no.
4.00
7.00
3.00
10.00
8.00.
2.00
5.0011.00

19.00
12.00
1.00
14.00
20.00
9.00

16.00
13.00
18.00
15.00
6.00

17.00 •

VI
- POT no.

17.00
5.00

18.00
12.00
3.00
6 . 0 0
1.00

20.00
16.00
19.00
13.00
9.00

14.00
10.00

2.00
15.00
11.00
7.00
4.00
8 . 0 0

3
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Appendix 33:. wheat Quality 1993. Genstat 5 Statistical Output.
Genstat 5 Release 3.1 (Sun 4 SPARC / SunOS 4) Sun May 24 18:09:00 1998 
Copyright 1994, Lawes Agricultural Trust (Rothamsted Experimental Station)

1 "Spring wheat'93 Quality: field trial in randomised complete blocks;
-2 4 treatment systems applied blind: A - Control, A+ - Nitram, B s C - 
— 3 blind Organic & Bio-dynamic composts & sprays. Contrasts of Interest"
4 units [24] By Geraldo Deffune5 fact [labels=!t(ControlA,'A+Nitram',Compo3tB,CompostC)]system
: 67
8

factgeneblock
[levels-6]reps 
system,reps 
reps

*

9 read [print=data,s] HFN,TGW,Prot%,P%,K%,N03%,Ca%,Na%,Ash%
10 256 40.28 7.88 0.265 0.330 0.025 0.021 0.028 1.58
11 298 39.30 9.02 0.275 0.340 0.026 0.018 0.027 1.52
12 258 41.44 8.95 0.295 0.360 0.019 0.020 0.024 1.80
13 283 39.91 7.89 0.290 0.355 0.024 0.020 0.024 1.10'
14 256 40.15 8.42 0.265 0.325 0.026 0.018 0.026 1.33
15 * * * * * * * * •
16 272 37.90 10.65 0.285 0.350 0.022 0.021 0.023 '1.72
17 294 37.59 10.70 0.265 0.325 0.029 0.019 0.024 1.52
18 269 38.34 11.05 0.275 0.335 0.022 0.025 0.023 1.62
19 278 39.64 10.59 0.290 0.340 0.023 0.020 0.022 1.64
20 282 38.78 10.60 0.250 0.305 0.028 0.025 0.024 1.51
21 272 34.53 11.82 0.260 0.315 0.023 0.022 0.025 1.49
22 279 39.83 9.22 0.270 0.340 0.019 0.017 0.024 1.75
23 278 38.80 9.42 0.300 0.325 0.023 0.019 0.023 1.55
24 263 41.01 8.75 0.285 0.345 0.032 0.020 0.024 1.52
25 303 40.58 10.15 0.315 0.360 0.026 0.024 0.025 1.49
26 * 277 39.47 9.33 0.295 0.335 0.039 0.020 0.023 1.52
27 239 40.21 8.79 0.310 0.320 0.021 0.026 0.029 1.57
28 248 41.54 9.07 0.280 0.341 0.022 0.019 0.026 1.54
29 275 „ 37.41 10.11 0.225 0.295 0.019 0.016 0.023 1.35
30 253 40.23 8.91 0.265 0.320 0.023 0.020 0.026 1.30
31 240 40.89 8.82 0.240 0.330 0.026 0.019 0.024 1.86
32 234 41.89 8.62 0.280 0.335 0.031 0.024 0.023 1.63
33
34

250 39.21 8.99 0.270 0.330 0.025 0.018 0.026 1.38
Identifier Minimum Mean Maximum Values Missing

HEN 234.0 267.7 303.0 24 1
TGW 34.53 39.52 41.89 24 1

Prot% 7.880 9.467 11.820 24 1
P% 0.2250 0.2761 0.3150 24 1

. K% 0.2950 0.3329 0.3600 24 1
NO 3% 0.01900 0.02491 0.03900 24 1
ca% 0.01600 0.02048 0.02600 24 1
Na% . 0.02200 0.02461 0.02900 24 1
Ash% 1.100 1.534 1.860 24 1

35 matrix[rows=!t(’CompB vs CompC
36 'A+Nitram vs A,B,C');columns=4

', 'ControlA vs 
;values=\

B,C' A

37 0,0,-l,l,\
38 -2,0,1,1,\39 1,-3,1,l]m40 treat reg(system;3;m)41 anova[fprob=yes;print=a,m,%cv] HEN,TGW,Prot%,P%,K%,N03%,Ca%,Na%,Ash%

Explanatory notes on the Statistical Analysis programs:

Each Page-Break Line, like:
................................... .........................:•••...means that Genstat is running the latest Line-Statement function, no. 41 in this
case.When this number changes, the results refer to the next latest Line-Statement 
function, like no. 45 in page 6 of this output, giving the ANOVA for another set of 
contrasts of interest, with no need to reprint the means SEDs and %CVs.
This procedure and format applies to all statistical analyses throughout this work.
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* * * * *
41....................
***** Analysis of variance
Variate: HFI
Source of variation d.f.(m.v.)
reps stratum 
reps.*units* stratum

5

system 3
CompB vs CompC 1
ControlA vs B,c 1
X+Iitram vs A,B,C 1

Residual 14(1)
Total 22(1)

s.s. m.s. v.r. F pr.
2791.5 558.3 3.05

2667.6 889.2 4.86 0.016*
1610.1 1610.1 8.80 0.010*
141.6 141.6 0.77 0.394
915.9 915.9 5.00 0.042*
2562.3
7846.9

183.0

***** Tables of means *****
Variate: HFN 
Grand mean 267.1

system ControlA A+Nitram CompostB Composte
267.5 277.8 273.2 250.0

*** standard errors of differences of means ***
Table * system
rep. 6
s.e.d. 7.81
(Not adjusted for missing values)

***** stratum standard errors and coefficients of variation *****
Variate: HFN
Stratum
reps
reps.*Units*

d.f. s.e. cv%
5 11.81 4.4

14 13.53 5.1

41
***** Analysis of variance ***** .
Variate: TOT
Source of variation d.f.(m.v.)
reps stratum 5
reps.‘Units* stratum
system 3
CompB vs CompC 1
ControlA vs B,C 1
A+litram vs A,B,C 1

Residual 14(1)
Total 22(1)

***** Tables of means ***** 
Variate: TGW 
Grand mean 39.48

s.s. m.s. v.r. F pr.
19.875 3.975 3.24

22.901 7.634 6.23 0.007**
0.134 0.134 0.11 0.745 '
0.080 0.080 0.07 0.802 '
22.687 22.687 18.52 <.001***
17.151 1.225
59.128

system ControlA A+Nitram CompostB Composte 
39.95 37.80 39.98 40.19

*** standard errors of differences of means *** 
Table > system - <
rep. 6
s.e.d. 0.639
(Not adjusted for missing values)

***** stratum standard errors and coefficients of variation *****
Variate: TGW
Stratum
reps
reps.*Units*

d.f. s.e. cv%
5 0.997 2.5

14 1.107 2.8

2
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41............... .... .........
***** Analysis of variance *****
Variate: Prot%
Source of variation d.f.(m.v.)
reps stratum 5
reps.‘Units* stratum 
system 3
CompB vs CompC 1
ControlA vs B,C 1
A+Bitram vs A,B,C 1

Residual 14(1)
Total 22(1)

***** Tables of means ***** 
Variate: Prot%
Grand mean 9.43

s.s. m.s. v.r. F pr.
0.9972 0.1994 0.69

19.5547 6.5182 22.43 <.001***
0.1083 0.1083 0.37 0.551
2.1161 2.1161 7.28 0.017*
17.3303 17.3303 59.64 <.001***
4.0684 0.2906

23.8416

system ControlA A+Nitram CompostB Composte 
8.45 10.90 9.28 9.09

*** standard errors of differences of means *** 
Table system
rep. 6
s.e.d. ' 0.311
(Not adjusted for missing values)

***** stratum standard errors and coefficients of variation *****
variate : Prot%
Stratum
reps
reps.‘Units*

f. s.e. cv%
5 0.223 2.4

14 0.539 5.7

41
***** Analysis of variance *****
Variate: P%
Source of variation d.f.(m.v.)
reps stratum
reps.‘Units* stratum

5

system 3
CompB vs conpc 1
ControlA vs B,C 1
A+Nitram vs A,B,C 1

Residual 14(1)
Total 22(1)

***** Tables of means ***** 
Variate: P%
Grand mean 0.2764

S.S.
0.0008273

m.s.
0.0001655

v.r.
0.46

F pr.

0.0041028 0.0013676 3.78 0.035*
0.0038521 0.0038521 10.64 0.006**
0.0000038 0.0000038 0.01 0.920
0.0002469
0.0050681
0.0099478

0.0002469
0.0003620

0.68 0.423

system ControlA A+Nitram CompostB Composte 
0.2789 0.2708 0.2958 0.2600

*** standard errors of differences of means 
Table system
rep. 6
s.e.d. 0.01098
(Not adjusted for missing values)

* ★ *

***** stratum standard errors and coefficients of variation *****
Variate: P%
Stratum
reps
reps.‘Units*

f. s.e. cv%
5 0.00643 2.3
14 0.01903 6.9



41.......................
***** Analysis of variance
variate: K%

* * * * *

Source of variation d.f.(m.v.) s.s. in • s ■ v.r. F pr.
reps stratum
reps.‘Units* stratum

5 0.0022292 0.0004458 2.45

system
CompB vs CompC

3 0.0009364 0.0003121 1.72 0.209
1 0.0004563 0.0004563 2.51 0.135

ControlA vs B,C 1 0.0003192 0.0003192 1.76 0.206
A+Nitram vs A,B,C 

Residual 
Total

***** Tables of means 
Variate: K%
Grand mean 0.3328

1
14(1)
22(1)

*****

0.0001608
0.0025426
0.0057066

0.0001608
0.0001816

0.89 0.363

system ControlA A+Nitram CompostB Composte 
0.3403 0.3283 0.3375 0.3252

*** Standard errors of differences of means *** *
Table system
rep. 6
s.e.d. 0.00778
(Not adjusted for missing values)

***** stratum 
Variate: K% 
Stratum 
reps
reps.‘Units*

standard errors and coefficients of variation *****

d.f. s.e. cv%
5 0.01056 3.2

14 0.01348 4.0

***** Analysis of variance *****
Variate: 103%

Source of variation d.f.(m.v. ) s.s. m.s. v.r. F pr.
reps stratum 5 0.00020823 0.00004165 2.34
reps.‘Units* stratum 
system

CompB vs CompC
3 0.00003185 0.00001062 0.60 0.628
1 0.00001633 0.00001633 0.92 0.355

ControlA vs B,C 1 0.00001495 0.00001495 0.84 0.375 -
A+Nitram vs A,B,C 1 0.00000057 0.00000057 0.03 0.861 ’

Residual
Total

14(1)
22(1)

0.00024957
0.00047783

0.00001783

***** Tables of means *****
Variate: N03%
Grand mean 0.02477

system ControlA A+Nitram CompostB Composte 
0.02357 0.02450 0.02667 0.02433

*** Standard errors of differences of means ***
Table system
rep. 6
s.e.d. 0.002438
(Not adjusted for missing values)

***** stratum standard errors and coefficients of variation *****

d.f. s.e. cv%
5 0.003227 13.0

14 0.004222 17.0

Variate: N03%
Stratum
reps
reps.‘Units*



* * * * *
41................
***** Analysis of variance
Variate: Ca%
Source of variation d.f.(m.v.)
reps stratum
reps.‘Units* stratum

5
system 3
CompB vs CompC 1
ControlA vs B,c 1
A+Nitram vs A,B,C 1

Residual 14(1)
Total 22(1)

s.s. m.S. v.r. F pr.
0.437E-04 0.873E-05 1.38
0.276E-04 0.919E-05 1.45 0.270
0.833E-05 0.833E-05 1.32 0.271
0.109E-05 0.109E-05 0.17 0.684.
0.181E-04 0.181E-04 2.86 0.113
0.887E-04 0.633E-050.160E-03

* * * * *  Tables of means ***** 
Variate: Ca%
Grand mean 0.02049

system controlA A+Nitram CompostB Composte 
0.01964 0.02200 0.02100 0.01933

*** standard errors of differences of means ***
Table system
rep. 6s.e.d. 0.001453
(Not adjusted for missing values)

***** stratum standard errors and 
Variate: Ca%Stratum d.f.
reps 5
reps.*units* 14

coefficients of variation *****

s.e. cv%
0.001478 7.2
0.002516 12.3

41..........................
***** Analysis of variance ***** 
Variate: Ia%
Source of variation . .d.f.(m.v.) s.s. m.s. v.r. F pr.
reps stratum 
reps.*Units* stratum

5 0.326E-04 0.652E-05 3.12
system 3 0.234E-04 0.781E-05 3.74 0.036*
CompB vs CompC 1 0.OOOE+OO 0.OOOE+OO 0.00 1.000
ControlA vs B,C 1 0.104E-04 0.104E-04 4.97 0.043*
A+Iitram vs A,B,C 1 0.131E-04 0.131E-04 6.26 0.025*

Residual
Total
***** Tables of means 
Variate: Na%
Grand mean 0.02478

14(1)
22(1)

*****

0.292E-04 
0.695E-04

0.209E-05

system ControlA A+Nitram CompostB Composte 
. 0.02628 0.02350 0.02467 0.02467

*** Standard errors of differences of means ***
Table system
rep. 6s.e.d. 0.000834
(Not adjusted for missing values)
***** stratum standard errors and coefficients of variation ***** 
Variate : Na%
Stratum d.f. s.e. cv%
ceps 5 0.001277 5.2
reps.*Units* 14 0.001445 5.8

C



* * * * *  Analysis of variance * * * * *  
Variate: Ash%
Source of variation 
Reps stratum 
reps.»Units* stratum 
system
CompB vs CompC 
ControlA vs B,c 
A+Nitram vs A,B,C 

Residual 
Total

f.(m.v.) s.s.
5 0.09406
3 0.06455
1 0.00963
1 0.03028
1 0.02464
14(1) 0.50218
22(1) 0.63737

m.S.0.01881
v.r.
0.52

F pr.

0.02152 0.60 0.626
0.00963 0.27 0.612
0.03028 0.84 0.374
0.02464
0.03587

0.69 0.421

***** Tables of means *****
Variate: Ash%
Grand mean 1.528

system ControlA A+Nitram CompostB CompostC 
• 1.451 1.583 1.567 1.510

*** standard errors of differences of means *** 
Table system..
rep. 6 -s.e.d. 0.1093(Not adjusted for missing values)
***** stratum standard errors and coefficients of variation 
Variate: Ash%
Stratum
reps Jreps.»Units* 14 . . .42 matrix[rows=it(’A+Nitram vs B’);columns=4;values«\
43 0,-l,l,0]n44 treat reg(system;l;n)45 anova[fprob=yes?print=a] HJ*'N,TGW,Prot%,P%,X%,N03 %,Ca%,Na%,Ash%

s.e.
0.0686
0.1894

cv%
4.5
12.4

45.........................
***** Analysis of variance * * * * *

Variate: HFH
Source of variation 
reps stratum 
reps.»Units* stratum 
system
A+Nitram vs B
Deviations

contrasts)
Residual
Total

f.(m.v.) s.s. R l i S t v.r. F pr.
5 2791.5 558.3 3.05
3 2667.6 889.2 4.86 0.016*
1 65.3 65.3 0.36 0.560
2 2602.3 1301.1 7.11 0.007 (other
14(1) 2562.3 183.0
22(1) 7846.9

***** Analysis of variance * * * * *  

Variate: TG*
Source of variation 
reps stratum

d.f.(m.v.) 
5

s.s.
19.875

m.s.
3.975

v.r.
3.24

F pr.

reps.»Units* stratum 
system

A+Hitram vs B
Deviations

Residual
Total

3
1
2
14(1)
22(1)

22.901
14.345
8.557
17.151
59.128

7.634
14.345
4.278
1.225

6.23
11.71
3.49

0.007**
0.004**
0.059

6



45.........................
***** Analysis of variance *****
Variate: Prot%
Source of variation d.f.(m.v.)
reps stratumreps.»Units* stratum

5
system 3
A+litram vs B 1
Deviations

contrasts)
2

Residual 14(1)
Total 22(1)

s.s. m.s. v.r. F pr.0.9972. 0.1994 0.69
19.5547 6.5182 22.43 <.001***
7.9219 7.9219 27.26 <.001***
11.6328 5.8164 20.02 <•001 (other
4.0684 0.290623.8416

45.........................
***** Analysis of variance ***** 
Variate: P%
Source of variation d.f.(m.v.)
reps stratum reps.‘Units* stratum

5
system 3
A+Bitram vs B 1
Deviations 2

Residual 14(1)
Total 22(1)

s.s. m.s. v.r. F pr.0.0008273 0.0001655 0.46
0.0041028 0.0013676 3.78 0.035*
0.0018750 0.0018750 5.18 0.039*
0.0022278 0.0011139 3.08 0.0780.0050681
0.0099478

0.0003620

...........................
***** Analysis of variance ***** 
Variate: K%
Source of variation d.f.(m.v.) s.s. m.s. v.r. F pr.
reps stratumreps.»units* stratum

5 0.0022292 0.0004458 2.45
system 3 0.0009364 0.0003121 1.72 0.209
A+Nitram vs B 1 0.0002521 0.0002521 1.39 0.258
Deviations 2 0.0006843 0.0003421 1.88 0.189

Residual
Total

14(1)
22(1)

0.0025426
0.0057066

0.0001816 *

45.........................
***** Analysis of variance ***** 
Variate: 103%
Source of variation d.f.(m.v.) s.s. m.s. v.r. F pr.
reps stratum 5 0.00020823 0.00004165 2.34
reps.»Units* stratum '

system 3 0.00003185 0.00001062 0.60 0.628
A+Nitram vs B 1 0.00001408 0.00001408 0.79 0.389
Deviations 2 0.00001777 0.00000889 0.50 0.618

Residual 14(1) 0.00024957 0.00001783
Total 22(1) 0.00047783
45.'........................
***** Analysis of variance ***** 
Variate: Ca%
Source of variation d.f.(m.v.) s.s. m.s. v.r. F pr.
reps stratum 5 0.437E-04 0.873E-05 1.38
reps.»Units* stratum
system 3 0.276E-04 0.919E-05 1.45 0.270
A+Nitram vs B 1 0.300E-05 0.300E-05 0.47 0.503
Deviations 2 0.246E-04 0.123E-04 1.94 0.181

Residual 14(1) 0.887E-04 0.633E-05
Total 22(1) 0.160E-03
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..............................***** Analysis of variance *****
Variate: Ia% ■

Source of variation d.f.(m.v.) s.s. m.s. v.r. F pr.
reps stratumreps.‘Units* stratum

5 0.326E-04 0.652E-05 3.12
systemA+Nitram vs B

3 0.234E-04 0.781E-05 3.74 0.036*
1 0.408E-05 0.408E-05 1.96 0.184

Deviations 2 0.194E-04 0.968E-05 4.64 0.028 (other
contrasts)
Residual 14(1) 0.292E-04 0.209E-05
Total 22(1) 0.695E-04

45.........................***** Analysis of variance ***** 
Variate: Ash%
Source of variation d.f.
reps stratum 5
reps.‘Units* stratum
system 3
A+Nitram vs B 1
Deviations 2

Residual 14(1)
Total 22(1)46 matrix[rows=!t('A+Nitram vs <
47 0,-l,0,l]o48 treat reg(system;l;o)
49 anova[fprob=yes;print=a] HFN

s.s. m.s. v.r. F pr.
0.09406 0.01881 0.52
0.06455 0.02152 0.60 0.626
0.00083 0.00083 0.02 0.881
0.06372 0.03186 0.89 0.433
0.50218 0.03587
0.63737

:');columns=4;values=\ 

TGW,Prot%,P%,K%,N03%,Ca%,Na%,Ash%

49.........................***** Analysis of variance ***** 
Variate: HFI
Source of variation 
reps stratum reps.‘Units* stratum 
systemA+Iitram vs C
Deviations 

Residual :■
Total

f.(m.v.) s.s. m.s. v.r. F pr.
5 2791.5 558.3 3.05
3 2667.6 889.2 4.86 0.016*
1 . , 2324.1 2324.1 12.70 0.003**
2 343.5 171.8 0.94 0.414
14(1) 2562.3 183.0
22(1) 7846.9

49.........................***** Analysis of variance *****
Variate: TOT
Source of variation d.f.(m.v.)
reps stratumreps.‘Units* stratum

5
system . 3
A+litram vs C 1
Deviations 2

Residual 14(1)
Total 22(1)

s.s. m.s. v.r. F pr.
19.875 3.975 3.24
22.901 7.634 6.23 0.007“
17.256 17.256 14.09 0.002**
5.645
17.151
59.128

2.823
1.225

2.30 0.136

8
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..............................***** Analysis of variance *****
Variate: Prot%
Source of variation d.f.(m.v.) S . S . m.s. v.r. F pr.
reps stratum 5 0.9972 0.1994 0.69
reps.*Units* stratum
system 3 19.5547 6.5182 22.43 <.001***
A+Iltram vs C 1 9.8827 9.8827 34.01 <.001***
Deviations 2 9.6720 4.8360 16.64 <.001 (other

contrasts)
Residual 14(1) 4.0684 0.2906
Total

A  Q _ .......................................

22(1) 23.8416

***** Analysis of variance *****
Variate: P%
source of variation d.f.(m.v.) s.s. m.s. v.r. F pr.
reps stratum 5 0.0008273 0.0001655 0.46
reps.»Units* stratum
system 3 0.0041028 0.0013676 3.78 0.035*
A+Nitram vs C 1 0.0003521 0.0003521 0.97 0.341
Deviations 2 0.0037507 0.0018753 5.18 0.021 (other

contrasts)
Residual 14(1) 0.0050681 0.0003620
Total

A  Q

22(1) 0.0099478

***** Analysis of variance *****
Variate: K%
Source of variation d.f.(m.v.) s.s. m.s. v.r. F pr.
reps stratum 5 0.0022292 0.0004458 2.45
reps.»Units* stratum
system 3 0.0009364 0.0003121 1.72 0.209
A+Nitram vs C 1 0.0000301 0.0000301 0.17 0.690
Deviations 2 0.0009063 0.0004531 2.50 0.118

Residual 14(1) 0.0025426 0.0001816
Total 22(1) 0.0057066
49.........................
***** Analysis of variance ***** 
variate: H03%
Source of variation d.f.(m.v. ) s.s. m.s. v.r. F pr.
reps stratum
reps.‘Units* stratum

5 0.00020823 0.00004165 2.34
system
A+Nitram vs C

3 0.00003185 0.00001062 0.60 0.628
1 0.00000008 0.00000008 0.00 0.946

Deviations
Residual
Total

2
14(1)
22(1)

0.00003177
0.00024957
0.00047783

0.00001589
0.00001783

0.89 0.432

..............................
***** Analysis of variance *****
Variate: Ca%
source of variation d.f.(m.v.) s.s. m.s. v.r. F pr.
reps stratum 
reps.‘Units* stratum

5 0.437E-04 0.873E-05 1.38
system
A+Nitram vs C

3 0.276E-04 0.919E-05 1.45 0.2701 0.213E-04 0.213E-04 3.37 0.088
Deviations

Residual
Total

2
14(1)
22(1)

0.622E-05
0.887E-04
0.160E-03

0.311E-05 
0.633E-05

0.49 0.622



* * * * *  Analysis of variance * * * * *  
Variate: Ia%
Source of variation 
reps stratum 
reps.‘Units* stratum 
system
A+Nitram vs C 
Deviations 

contrasts)
Residual

Total

f. (m.v.) s.s. m.s. v.r. F pr.
5 0.326E-04 0.652E-05 3.12
3 0.234E-04 0.781E-05 3.74 0.036*
1 0.408E-05 0.408E-05 1.96 0.184
2 0.194E-04 0.968E-05 4.64 0.028 (other
14(1) 0.292E-04 0.209E-05
22(1) 0.695E-04

* * * * *  Analysis of variance * * * * *  

Variate: Ash%
d.f.(m.v.) 

5Source of variation 
reps stratum 
reps.‘Units* stratum 
system
A+Nitram vs C
Deviations 

Residual 
Total50 matrix[rows=!t('A,A+, B vs CompC ).

51 l,l,l,-2]p
52 treat reg(system;l;p)53 for x=HFN,TGB,Prott,P%,K%,N03%,Ca*
54 anova[fprob=yes;print=a] x; resid-
55 hist[ngroup3=8] r
56 graph[nrows=25] r;f
57 endfor

3
1
214(1)

2 2(1)

s.s. m.s. v.r. F pr.
0.09406 0.01881 0.52
0.06455 0.02152 0.60 0.626
0.01613 0.01613 0.45 0.513
0.04842 0.02421 0.67 0.525
0.50218 0.03587
0.63737
columns=4;values»\

,Nat,Asht 
x; fitted=f

10



*****
Variate: HF*

57.................. .
***** Analysis of variance

Source of variation 
reps stratum 
reps.»Units* stratum 
systemA,A+,B vs CoropC
Deviations

Residual
Total
Histogram of r

f.(m.v.) s.s.
5 2791.5

3 2667.6
1 2348.4
2 319.2

14(1) 2562.3
22(1) 7846.9

m.s. v.r. F pr.
558.3 3.05

889.2 4.86 0.016*'
2348.4 12.83 0.003**
159.6
183.0

0.87 0.440

- -18 2 **
18 - -12 1 ★
12 - -6 4 ****
-6 - 0 6 ******
0 - 6 2 **
6 - 12 7 *******

12 - 18 1 *
18 - 1 * ' ■

1 asterisk represents 1 unit.Scale:

24.0 I 
- I
I
I
I
I

12.0 I 
. I 
' I

I
I
I

0.0 I 
I 
I 
I 
I 
I

-12.0 I 
I 
I 
I 
I 
I

-24.0 I

*

*

*

• *
* *

* *

*

*
* *

• *
*

*

*

*

*

*
*

I
1
1
I
I
I
I
1
I
I
I
I
I
I
I
II
I
I
X
II
X
II

228.0 240.0 252.0 264.0 276.0 2B8.0 300.0
r v. f using symbol *
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Variate: TOW
57.......................
***** analysis of variance *****

Source of variation d.f. (m.v. )
reps stratum 5
reps.‘Units* stratum
system j
A,A+,B vs CompC i
Deviations 2

contrasts)
Residual 14(1)

Total 2 2 (1 )

Histogram of r
- -1.5 2 **

-1.5 - -1.0 1 *
-1.0-- 0.5 3 ***
-0.5 - 0.0 6 ******
0.0 - 0.5 5 *****
0.5 - 1.0 4 ****
1.0 - 1.5 2 **
1.5 - 1 *

I pr.

0.007**
0.089
0.006 (other

17.151 1.225
59.128

s.s. m.s. v.r.
19.875 3.975 3.24
22.901 7.634 6.23
4.082 4.082 3.33
18.819 , 9.410 7.68

Scale: 1 asterisk represents 1 unit.

-+-------- +-------- +-------- +■
2.0 I 

I 
I 
I X I

1.0 I *
I
I
I
I
I

0.0 I 
I 
I 
I 
I X

-1.0 I 
I 
I 
I 
I 
I

-2.0 I *
-+-------- +■

36.0 37.0

*

*
*

*

*

* * *

*

--+-------- +•
38.0 , 39.0

+-------+.

*

*

*

* ***
*

*

*

*

--+-------- +■
40.0 41.0

I
IXX
IX
I
X
I
I
X
X
I
X
I
I
I
X
IX
I
I
I
I
X

42.0
r V. f using symbol *

12
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*****57....... .............***** Analysis of variance
Variate: Prot%
Source of variation d.f.(m.v.) s .s . m.s. v . r . F pr.
reps stratum 5 0.9972 0.1994 0.69
reps.‘Units* stratum
system 3 19.5547 6.5182 22.43 <.0 0 1 ***
A,A+,B vs CompC 1 0.9421 0.9421 3.24 0.093 '
Deviations 2 18.6126 9.3063 32.02 < • 0 0 1  (other

contrasts)
Residual 14(1) 4.0684 0.2906
Total 2 2 (1 ) 23.8416

Histogram of r
- -0.4  ̂ ****

-0.4 - -0.2 5 *****
. -0 . 2 - 0 . 0 5 *****

0 . 0 - 0 . 2 4 ****
0.2 - 0.4 2 **
0.4 - 0.6 1 *
0 . 6  - 0 . 8 1 *
0 . 8 - 2 **

scale: 1 asterisk represents 1 unit .

-+---
1.0 I I

I * I
I * I
I I
I * I
I 1

0.5 I * I
I I
I I
I 3 ■ * I
I * ** * * I
I I

0.0 I * * I
I * I
I ** I
I * * * * I
I * I
I I

-0.5 I * ' * I
I * * X
I I
I I
I I
I 1

-1.0 I I
7.8 8.4 9.0 9.6 10.2 10.8 11.4

r v. f using symbol *
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*****57....................
***** Analysis of variance
Variate: P%
Source of variation d.f.(m.v.) s.s. m.s. v . r . F pr .
reps stratum 5 0.0008273 0.0001655 0 .46
reps.*Units* stratum
system 3 0.0041028 0.0013676 3.78 0.035*
A,A+,B vs CompC 1 0.0021488 0.0021488 5.94 0.029*
Deviations 2 0.0019540 0.0009770 2.70 0.102

Residual 14(1) 0.0050681 0.0003620
Total 22(1) 0.0099478

Histogram of r
-  -0 .024 3 ***

-0 .0 2 4  -  -0 .0 16 1 *
-0 .0 1 6  -- 0.008 4 ****
-0 .0 08  -  0.000 0

0.000 -  0.008 8 ********
0.008 -  0.016 6 ******
0.016 -  0.024 2 **
0.024 - 0

Scale: 1 asterisk represents 1 unit.-

-+--
0.030 I I

I I
I * I
I * I
I I
I I

0.015 I * * I
I * * * I
I * I
I ' * I
I * * * I
I * * I

0.000 I * * I
I I
X I
I I
I * X
I * I

-0.015 I * * I• I * I
X I
I I
I * * I
I * I

-0.030 I I
0.240 0.252 0.264 0.276 0.288 0.300 0.312

r v. f using symbol *
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*****57........................
***** Analysis of variance
Variate: K%
Source of variation d.f.(m.v.) s.s. m.s. v.r. T pc.
reps stratum 5 0.0022292 0.0004458 2.45
reps.*Units* stratum
system 3 0.0009364 0.0003121 1.72 0.209
A,A+,B vs CompC 1 0.0004682 0.0004682 2.58 0.131
Deviations 2 0.0004682 0.0002341 1.29 0.306

Residual 14(1) 0.0025426 0.0001816
Total 22(1) 0.0057066
Histogram of r

- -0.015 3 ***
-0.015 - -0.010 1 * •
-0.010 --0.005 3 ***
-0.005 - 0.000 5 *****
0.000 - 0.005 3 *** . '
0.005 - 0.010 4 ****
0.010 - 0.015 4 ****
0.015 - ' 1 *

Scale: 1 asterisk represents 1 unit.

“-t---
0.02 i Ii * Ii I

i * . I
i * * Ii * 10.01 i Ii * * * Ii Ii * 1i Ii * I0.00 i * * * Ii > * * Ii Ii * * Ii * II * * I1 O o M i Ii * Ii II * Ii Ii * * ICMOO1 i I

o.:312 0.320 0.328 0.336 0.344 0.352 0.360
r v. f  using symbol *
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* * * * *
57....................***** Analysis of variance
Variate: 103%
Source of variation d.f.(m.v.
reps stratum 5reps.»units* stratum 
system 3A,A+,B vs CompC 1
Deviations 2

Residual 14(1)Total 22(1)

Histogram of r
- -0 .0048 2 **

-0 .0048  - -0 .0032 3 ***
-0 .0032  - -0 .0016 3 ***
-0 .0016  - 0.0000 3 ***

0.0000 - 0.0016 6 ******
0.0016 - 0.0032 3 ***
0.0032 - 0.0048 1 * *
0.0048 - 3 ***

s.s. m.s. v . r . r  p r .
0.00020823 0.00004165 2.34

0.00003185 0.00001062 0.60 0.628
0.00000150 0.00000150 0.08 0.776
0.00003035 0.00001518 0 .85 0.448
0.00024957 0.00001783
0.00047783

Scale: 1 asterisk represents 1 unit.

-+------- +------- +------- +■
o.oo8 ri

i
i
i
i

0.004 I 
I 
I 
I 
I  
I

0.000 I 
I 
I 
I 
I 
I

-0 .0 0 4  I 
I 
I 
I 
I 
1

-0 .0 0 8  I 
-+

0.0200

*

* *

* * 
**

----+•
0.0225

*

*

*

----+■
0.0250

*

----- +.
0.0275

*

*

I
X
I
X
X
I
I
I
I
X
X
I
I
I
I
I
I
I
I
I
I
I
I
I
I

----+------- +------- +■
0.0300 0.0325 . 0.0350

r v. f using symbol *
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***** Analysis of variance *****
variate: ca%
Source of variation d.f.(m.v.) s.s. m.s. v.r. r pr.
reps stratum 5 0.437E-04 0.873E-05 1.38
reps.»Units* stratumfc r«?vstem 3 0.276E-04 0.919E-05 1.45 0.270

y v  v w i uA,A+,B vs compc 1 0.108E-04 0.108E-04 1.70 0.213
Deviations 2 0.168E-04 0.839E-05 ' 1.32 0.297

Residual 14(1) 0.887E-04 0.633E-05
Total 22(1) 0.160E-03

Histogram of r
- -0.003 1 ★

-0.003 - -0.002 4 ****
-0.002 ---0.001 2 **
-0.001 - 0.000 6 ******
0.000 - 0.001 5 *****
0.001 - 0.002 1 *
0.002 - 0.003 3 ***
0.003 - 2 ** ■

Scale: 1 asterisk represents 1 unit.

-+-------- +-------- +-
0.004 I 

I 
I 
I 
I
I *

0.002 I 
I 
I
I *
I *
I *

0.000 I 
I 
Ii*
I
I

-0.002 I 
I 
I 
I 
I 
I

-0.004 I-+------ +-------+■
0.0168 0.0180 0.0192

.+------- +•

*

*

** ** 
*

2

*

*
*

*

--- +-------+■
0.0204 0.0216

--- +-------+--
1

* I
I 
I 
I

* I
I

* I
I
I
I
I
I
I1
I* . 1 
I 
I

2 I
I 1 1 
I 
I

0.0228 0.0240

r . v. f using symbol *



57....................
***** Analysis of variance
Variate: Ha%

*****

Source of variation" d.f.(m.v.) s.s. m.s. v.r. T pr.
reps stratum 5 0.326E-04 0.652E-05 3.12
reps.*Units* stratum
cttratf PTH 3 0.234E-04 0.781E-05 3.74 0.036*sy b uchiA,A+,B v s  CompC 1 0.988E-07 0.988E-07 0.05 0.831
Deviations 2 0.233E-04 0.117E-04 5.59 0.016 (other

contrasts)
Residual 14(1) 0.292E-04 0.209E-05
Total 22(1) 0.695E-04

Histogram of r

- -0.0015 1 *
-0.0015 ---0.0010 5 *****
-0.0010 ---0.0005 4 ****
-0.0005 - 0.0000 3 ***"'
0.0000 - 0.0005 3 ***
0.0005 - 0.0010 1 *
0.0010 - 0.0015 5 *****
0.0015 - 2 **

Scale: 1 asterisk represents 1 unit.

—i-------1—
0.002 I 

I 
I 
I
I *
I

0.001 I *
I 
I 
I 
I 
I

0.000 I i
1 
1
I *
I
I

-0.001 I 
I 
I 
I 
I 
I

-0.002 I-+------ +•
0.0216 0.0228

+-------- +-------- +■

*

* *

*
**

*

2
2 **

*
— — — +■ 
0.0240 0-.0252 0.0264

*

*

------ +.
0.0276

r v. f using symbol *

I1
I
I
I
I
I
I
I
IX
Ì

* I
II
I
II
II
I
I
I
I
I

0.0288
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* * * * *
57.......................
***** Analysis of variance
Variate: Ash%
Source of variation d.f.(m.v.) s.s. > m.s. v.r. J pr.
reps stratum 
reps.‘Units* stratum

5 0.09406 0.01881 0.52

system 3 '... ‘ „. 0.06455 0.02152 0.60 0.626
A,A+,B vs CompC 1 0.00254 0.00254 0.07 0.794
Deviations 2 0.06201 0.03100 0.86 0.443

Residual 14(1) 0.50218 0.03587
Total 22(1) 0.63737

Histogram of r

« -0.3 1 ★
-0.3 - -0.2 1 *
-0.2 - - 0.1 1 *
- 0. 1 - 0. 0 10 *******0. 0 - 0. 1 7 *******0.1 - 0.2 2 **
0.2 - 0.3 0
0.3 - 2 **

Scale: 1 asterisk represents 1 unit.

0.4

0.2

0.0

-+- 
I 
I 
I 
I 
I 
I 
I 
I 
I 1 
I 
I 
I 
I :
I
I
I

' I 
-0.2 I 

I 
I
I '
I
I

-0.4 I
. ..

1.28

* * 

*
* ** **

---- +-
1.36

-- +-
1.44

---- +-
1.52

---- +_
1.60

-- +-
1.68

— +- 
.76

I 
I 
I 
I 
I I 
I 
I 
I ' 
I 
I 
I 1 
I 1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I

r v. f using symbol *
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Appendix 34: Potato Trial 1993 Visual Assessment. Statistical Output
Genstat 5 Release 4.1 (Sun/Solaris) Thu Nov 26 14:25:12 1998
Copyright 1997, Lawes Agricultural Trust (Rothamsted Experimental Station)1 "Potato'93 Visual Assessment: split-plot RCB field trial with two 
-2 varieties (Cara s Pentland Crown) and four systems of soil & spray -3 treatments: A = Control, A+ = 1PK, B S C = Organic fi Bio-dynamic 
-4 (applied blind). Contrasts of interest. By G. Deffune."
5 units [48]
6. fact [labels=lt(Cara,Pentland)]variety7 fact [labels=!t( A , ' A + ',B,C)]system
8 fact [levels=6]reps9 block reps/system

, 10 treat variety*system
1 1  - read [print=data,s] reps,system,variety,Weeds,Vigour,Form,Cover,\
12 
13 1

B l i g h t , S t B r o w n i n g
1 1 4 5 7 5 5 0

14 1 1 2 4 4 5 4 8 4
15 2 1 1 5 7 8 6 5 2
16 2 1 • 2 5 5 5 5 7 7
17 3 1 1 6 6 7 6 5 0
18 3 1 2 6 5 5 4 7 1
19 4 1 1 5 6 7 6 6 0
20 4 1 2 5 5 5 4 8 4
21 5 1 1 7 6 5 5 5 0
22 5 1 2 7 4 2 4 8 0
23 6 1 1 6 6 6 6 6 1
24 6 1 2 6 ' 4 4 4 8 1
25 1 2 1 5 7 6 7 6 1
26 1 2 2 5 5 6 5 8 6
27 2 2 1 5 6 8 2 4 0
26 2 . 2 2 5 5 6 5 < 7 3
29 3 2 1 6 8 8 7 5 0
30 3 2 2 6 6 5 5 8 1
31 4 2 1 6 8 8 7 5 1
32 4 2 2 6 6 5 5 8 3
33 5 2 1 5 6 6 7 5 1
34 5 2 2 5 6 5 5 8 1
35 6 2 1 7 8 8 7 5 0
36 6 2 2 7 6 5 5 7 0
37 1 3 1 5 5 8 6 7 1
38 1 3 2 - 5 4 6 4 8 0
39 2 3 1 6 5 ■ 7 6 5 0
40 2 3 2 6 3 5 4 7 2
41 3 3 1 5 8 8 7 4 1
42 3 3 2 5 6 5 5 8 1
43 4 3 1 9 7 6 6 5 0
44 4 3 2 9 3 3 4 6 0
45 5 3 1 6 7 8 6 6 1
46 5 3 2 6 4 5 4 8 1
47 6 3 1 9 5 6 5 6 0
46 6 3 2 9 4 4 3 8 2
49 1 4 ' 1 6 7 8 7 4 0
50 1 4 2 6 6 6 5 7 0
51 2 4 1 5 6 6 5 6 0
52 2 4 2 5 4 4 3 8 0
53 3 4 1 6 6 7 6 5 0
54 3 4 2 6 4 5 4 7 0
55 4 4 1 6 7 7 6 6 0
56 4 4 2 6 4 5 4 8 2
57 5 4 1 5 . 6 6 5 6 0
58 5 4 2 5 4 4 3 8 0
59 6 4 1 7 7 7 6 5 0
60 6 4 2 7 5 6 6 7 0
61 t

Identifier Minimum Mean Maximum Values Missing
Weeds 4.000 6.083 9.000 48 0 '

Vigour 3.000 5.646 8.000 48 0
Form 2.000 6.000 8.000 48 0

Cover 2.000 5.125 7.000 48 0
Blight 4.000 6.479 8.000 48 0

StBrowni 0.000 1.000 7.000 48 0 Skew
Identifier Values Missing Levels

reps 48 0 6
system 48 0 4

variety 48 0 2
matrix [rows;= it('A+NPK VS A,B,C’, 'ControlA vs B,C’,\63 'CompB vs CompC');columns=4;values=\

64 1,—3,1,1,\
65 -2,0,1,1,\
66 0,0,-l,l]m
67 treat reg(system;3;m)»variety
68 anova[fprob=yes;print=a,m,%cv;pse«diff,lsd] Weeds,Vigour,Form,Cover,\69 Blight,StBrowning

V?/



*****69.
***** Analysis of variance 

Variate: Weeds
d.f.

5
source of variation 
reps stratum 
r e p s .system stratum 
system
A+NPK v s  A,B,C 
ControlA vs B,C 
CompB vs CompC 

Residual 
reps.system.‘Units* stratum 
variety *
system.variety 3
A+NPK v s  A,B,C.variety 1

311
1
15

s.s. m.s. v.r. F pr.
39.6667 7.9333 3.92

13.6667 4.5556 2.25 0.124
2.7778 2.7778 1.37 0.259 ’
2.7222 2.7222 1.35 0.264
8.1667 8.1667 4.04 0.063
30.3333 2.0222

0.0000 0.0000
0.0000 0.0000

Obs: Io differences
0.0000 0.0000 varieties/half-plots

ControlA vs B,C.variety
1 0.0000 0.0000

CompB vs CompC.variety
0.00001 0.0000

Residual 20 0.0000 0.0000

Total 47 83.6667

***** Tables of means *****
Variate: Weeds

Grand mean 6.08

system A A+ B C
5.83 5.67 7.00 5.83

variety Cara Pentland
6.08 6.08

system
A

variety Cara Pentland 
5.83 5.83

A+ 5.67 5.67
B 7.00 7.00
C 5.83 5.83

*** standard errors of differences of means ***

Table system variety system
variety

rep. 
s. e. d.

12 24 . 6
0.581 0.000 0.581

d.f. 15 * ' 15

*** Least sdgnificant differences of means (5% level) ***

Table system variety system
variety

rep.i cf H
12 24 6

1.237 0.000 1.237liSsO*
d.f • 15 * 15

***** stratum standard errors and coefficients of variation

Variate: Weeds

Stratum
repsreps.system
reps.system »units*

f. s.e. e v i
5 0.996 16.4
15 1.006 16.5
20 0.000 0.0

H12.



*****
V a r i a t e :  V i g o u r

69......................
* * * * *  Analysis of variance

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 
reps.system stratum

5 3.1042 0.6208 0.55
s y s te m 3 20.5625 6.8542 6.12 0.006**

A + IP K  v s  A , B , C 1 19.5069 19.5069 17.40 <.001***
ControlA vs B,C 1 0.0139 0.0139 0.01 0.913CompB vs CompC 1 1.0417 1.0417 0.93 0.350

Residual 15 16.8125 1.1208 4.01
reps.system.*Units* stratum
v a r i e t y 1 46.0208 46.0208 164.85 <.001***
sys tern.va rie ty 3 0.8958 0.2986 1.07 0.384
A+NPK vs A,B,C.variety

1 0.1736 0.1736 0.62 0.440
ControlA vs B,C.variety

1 0.6806 0.6806 2.44 0.134
CompB vs CompC.variety

1 0.0417 0.0417 0.15 0.703
Residual 20 5.5833 0.2792
Total 47 92.9792
***** Tables of means *****  
Variate: Vigour

Grand mean 5.646

system A A+ B
5.250 6.750 5.083

variety Cara
6.625

Pentland
4.667

system variety Cara Pentland
A 6.000 4.500

A+ 7.833 5.667
B 6.167 4.000
C 6.500 4.500

* * *  s t a n d a r d  e r r o r s  o f  d i f f e r e n c e s  o f  m eans ***
T a b l e s y s te m v a r i e t y s y s te m

v a r i e t y
r e p . 12 24 6
s . e . d . 0.4322 0.1525 0.4830
d . f . 15 20 22.36
E x c e p t  w h e n  c o m p a r in g  m eans w i t h  t h e  same l e v e l ( s )  o f

s y s te m 0.3051
d . f . 20

*** Least significant differences of means (5% level) ***

Table system variety system
variety

rep. 12 24 6
l.s.d. 0.9212 0.3182 1.0008
d.f. 15 20 22.36
Except when comparing means 
system 
d.f.

with the same level(s) 
0.6363 

20

* * * * *  s t r a t u m  s t a n d a r d  e r r o r s  a n d  c o e f f i c i e n t s  o f  v a r i a t i o n  * * * * *  
V a r i a t e :  v i g o u r

S t r a t u m d.f. s . e . cv%
r e p s 5 0.2786 4.9
r e p s . s y s te m 15 0.7486 13.3
r e p s . s y s t e m .* u n i t s * 20 0.5284 9.4

473



Variate: Form

69...................................
***** Analysis of variance ****»-■. ...

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 
reps.system stratum

5 9.2500 1.8500 1.44
system 3 8.5000 2.8333 2.21 0.129A+IPK V S  A,B,C 1 7.1111 7.1111 5.54 0.033**
ControlA vs B,c 1 1.3889 1.3889 1.08 0.315
CompB vs CompC 1 0.0000 0.0000 0.00 1.000

Residual 15 19.2500 1.2833 10.27
reps.system.»Units* stratum
variety 1 65.3333 65.3333 522.67 <.001***
system, variety 3 1.1667 0.3889 3.11 0.049*
A+NPK vs A,B,C.variety

1 0.4444 0.4444 3.56 0.074
ControlA vs B,C.variety

1 0.0556 0.0556 0.44 0.513ConpB vs ConpC .variety
1 0.6667 0.6667 5.33 0.032*

Residual 20 2.5000 0.1250
Total 47 106.0000

***** Tables of means *****

variate: Form 
Grand mean 6.000

system A
5.500

A+
6.667

B
5.917

C
5.917

variety Cara
7.167

Pentland
4.833

system
A

variety Cara
6.667

Pentland
4.333

A+ 8.000 5.333
B 7.167 4.667
C 6.833 5.000

*** standard errors of differences of means ***
Table system variety system

variety
rep. 12 24 6
s. e. d . 0.4625 0.1021 0.4845
d.f. 15 20 17.94
Except when comparing means with the same level(s) of 
system 0.2041
d.f. 20

*** Least significant differences of means (5% level) ***

Table system variety system
4 variety

rep. 12 24 6
l.s.d. 0.9858 0.2129 1.0181
d.f- 15 20 17.94
Except when comparing means with the same level(s)
system 0.4258
d.f» 20
***** stratum standard errors and coefficients of variation ***** 
Variate: Form

S t r a t u m d . f . s.e. CV%
r e p s 5 0.4809 8 . 0
r e p s . s y s te m 15 0.8010 13.4
r e p s . s y s t e m .« U n i t s * 20 0.3536 5.9

4
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*****................ : —
***** Analysis of variance

Variate: Cover
Source of variation d.
reps stratum 
reps.system stratum 
system
A+NPK vs A,B,C 
ControlA vs B,C 

: CompB vs CompC 
Residualreps.system.‘Units* strati 
variety 
system.variety
A+NPK vs A,B,C.variety

ControlA vs B,C.variety

CompB vs CompC.variety

Residual 
Total
***** Tables of means ***** 
Variate: Cover

f. S.S. m.s. v.r. F pr.
5 5.5000 1.1000 0.90

3 3.4167 1.1389 0.93 0.450
1 3.3611 3.3611 ' 2.75 0.118
1 0.0556 0.0556 0.05 0.834
1 0.0000 0.0000 0.00 1.000
15 18.3333 1.2222 1.90
im ' " ■ '■
1 30.0833 30.0833 46.88 <.001***
3 1.0833 0.3611 0.56 0.646

1 0.6944 0.6944 1.08 0.311

1 0.2222 0.2222 0.35 0.563

1 0.1667 0.1667 0.26 0.616
20 12.8333 0.6417
47 71.2500

Grand mean 5.12

system A
4.92

A+
5.58

B
5.00

variety Cara Pentland
5.92 4.33

system
A

variety Cara
5.67

Pentland
4.17

A+ 6.17 5.00
B 6.00 4.00
C 5.83 4.17

C
5.00

*** standard errors of differences of means ***
Table system variety system

variety
6

0.557 
28.91

12 24
0.451 0.231s. e ■ u*d f. 15 20

Except when comparing means with the same level(s) of.__ 0.462system
d.f.
*** Least significant differences of means (5% level) *** 
Tabla system variety systemvariety

12 24 6
0.962 0.482 1.140

15 20 28>91Except when comparing means with the same level (s)
« — ■ “d.f.

of

***** stratum standard errors and coefficients of variation ***** 
Variate: cover

Stratum
repsreps.systemreps.system.‘Units*

d.f. s.e. cv%

5 0.371 7.2
15 0.782 15.3
20 0.801 15.6

5
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* * * * *

V a r i a t e :  B l i g h t

69.......................
***** Analysis of variance

source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 
reps.system stratum

5 3.3542 0.6708 1.07

system 3 0.7292 0.2431 0.39 0.763
A+NPK vs A,B,C 1 0.3403 0.3403 0.54 0.472
ControlA vs B,C 1 0.0139 0.0139 0.02 0.884
CompB vs compc 1 0.3750 0.3750 0.60 0.451

Residual 15 9.3958 0.6264 2.84
reps.system.»Units* stratum
variety 1 67.6875 67.6875 306.51 <.001***
system.variety 3 0.3958 0.1319 0.60 0.624
A+NPK vs A,B,C.variety

1 0.3403 0.3403 1.54 0.229
ControlA vs B,.C.variety

1 0.0139 0.0139 0.06 0.805
CompB vs CompC.variety

1 0.0417 0.0417 0.19 0.669
Residual 20 4.4167 0.2208
Total 47 85.9792

***** Tables of means ***** 
Variate: Blight

Grand mean 6.479

system A A+ B C
6.500 6.333 6.667 6.417

variety Cara Pentland
5.292 7.667

system variety Cara Pentland
A 5.333 7.667
A+ 5.000 7.667
B 5.500 7.833
C 5.333 7.500

*** standard errors of differences of means ***
Table system variety system

variety
rep. 12 24 6
s.e.d. 0.3231 0.1357 0.3758
d.f. 15 , , 20 25.10
Except when comparing means with the same level(s) of 
system 0.2713
d.f. 20

*** Least significant differences of means (5% level)
Table system variety system

variety
rep. 12 24 6
l.s.d. 0.6887 0.2830 0.7738
d.f. 15 20 25.10
Except when comparing means 
system 
d.f.

with the same level(s) of 
0.5660 

20

* * *

***** stratum standard 
Variate: Blight

errors and coefficients of variation

Stratum d.f. s.e. cv%

reps * 5 0.2896 4.5
reps.system 15 0.5596 8.6
reps.system.‘Units* 20 . 0.4699 7.3

6



*****
V a r i a t e : S tB ro w n

69.......................
***** Analysis of variance

Source of variation d. 
reps stratum 
reps.system stratum 
system
A+NPK vs A,B,C 
C o n t r o l A  v s  B ,C
CompB vs CompC 

Residualreps.system.‘Units* strati
v a r i e t y
system.variety
A+NPK vs A,B,C.variety

C o n t r o l A  v s  B , C . v a r i e t y

CompB vs CompC.variety

Residual 
Total •

f. s.s. m.s. v.r. F pr.
5 13.000 2.600 1.24

3 16.500 5.500 2.62 0.089
1 2.778 2.778 1.32 0.268
1 11.681 11.681 5.56 0.032*
1 2.042 2.042 0.97 0.340
15 31.500 2.100 1.53
im
1 18.750 18.750 13.64 0 .001* * *
3 8.750 2.917 2.12 0.130

1 1.361 1.361 0.99 0.332

1 7.347 7.347 5.34 0.032*
1 0.042 0.042 0.03 0.864

20
47

27.500
116.000

1.375

***** Tables of means * * * * *  
Variate : StBrown „
Grand mean 1.00

system A A+ B C
1.67 1.42 0.75 0.17

variety Cara Pentland ■r i ;
0.38 1.62

system variety ' Cara Pentland
A 0.50 2.83

A+ 0.50 2.33
B 0.50 1.00
C 0.00 0.33

*** Standard errors of differences of means ***
Table system variety system

variety
rep.
s.e.d.

12
0.592

24
0.339

6
0.761

15 20 31.08
Except when comparing means 
system 
d.f.

with the same level(s) 
0.677 

20

*** Least significant differences of means (5% level)
Table system variety system

variety
rep.
1.s.d.

12 24 6
1.261 0.706 1.552

A 15 20 31.08
Except when «»sparing means 
system 
d.f.

with the same level(s) of 
1.412 

20
***** stratum standard errors and coefficients of variation ** * * *
Variate: stBrowni
S t r a t u m
r e p s
r e p s . s y s te m
r e p s . s y s t e m .‘ U n i t s *

f. s.e. cv%
5 0.570 57.0
15 1.025 102.5
20 1.173 117.3

70 matrix[rows=!t{’A+NPK vs B')icolumns=4;values=\
71 0,-l,l,0]n72 treat reg(system?Ifn)‘variety
7 3 anova[fprob=yes;print=a] weeds,vigour,Form,Cover,Blight,StBrowning

7
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V a c l a t e :  W eeds

73.. ......................
***** Analysis of variance *****

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 5 39.6667 7.9333 3.92
reps.system stratum 
system 3 13.6667 4.5556 2.25 0.124A+HFK VS B l 10.6667 10.6667 5.27 0.036*

Deviations 2 3.0000 1.5000 0.74 0.493
Residual 15 30.3333 2.0222
reps.system.»Units* stratum ,
variety 1 0 .0000 0 . 0 00 0
system.variety 3 0 . 000 0 0 . 0 00 0
A+NPK vs B.variety 1 0 . 000 0 0 . 000 0
Deviations 2 0 .0000 0 . 0 00 0

Residual 20 0 . 000 0 0 . 000 0
Total 47 83.6667

73...............................
***** Analysis of variance *****

V a r i a t e :  V i g o u r

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 5 3.1042 0.6208 0.55
reps.system stratum 
system 3 20.5625 6.8542 6.12 0.006

A + IP K  V S  B 1 16.6667 16.6667 14.87 0.002’
Deviations 2 3.8958 1.9479 1.74 0.209

Residual 15 16.8125 1.1208 4.01
reps.system.*Units* stratum
variety 1 46.0208 46.0208 164.85 <.001
system.variety 3 0.8958 0.2986 1.07 0.384
A+NPK vs B.variety 1 0.0000 0.0000 0.00 1.000
Deviations 2 0.8958 0.4479 1.60 0.226

Residual 20 5.5833 0.2792

Total 47 92.9792

73................................
***** Analysis of variance *****

V a r i a t e : F o rm

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 5 9.2500 1.8500 1.44
reps.system stratum
system 3 8.5000 2.8333 2.21 0.129
A+NPK v s B 1 3.3750 3.3750 2.63 0.126
Deviations 2 5.1250 2.5625 2.00 0.170

Residual 15 19.2500 1.2833 10.27
reps.system.*Units* stratum
variety 1 65.3333 65.3333 522.67 <.001***
system.variety 3 1.1667 0.3889 3.11 0.049*
A+NPK vs B.variety 1 0.0417 0.0417 0.33 0.570
Deviations 2 1.1250 0.5625 4.50 0.024(other

contrasts)
Residual 20 2.5000 0.1250

47 106.0000

47?
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V a r i a t e :  C o v e r

73.........................
***** Analysis of variance *****

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 5 5.5000 1.1000 0.90
reps.system stratum
system 3 3.4167 1.1389 0.93 0.450
A+NPK vs B 1 2.0417 2.0417 1.67 0.216
Deviations 2 1.3750 0.6875 0.56 0.581

Residual 15 18.3333 1.2222 1.90
reps.system.‘Units* ;stratum
variety 1 30.0833 30.0833 46.88 <.001***
system.variety 3 1.0833 0.3611 0.56 0.646
A+NPK vs B.variety 1 1.0417 1.0417 1.62 0.217
Deviations 2 0.0417 0.0208 0.03 0.968

Residual 20 12.8333 0.6417

Total 47 71.2500

73...............................
***** Analysis of variance *****

V a r i a t e :  B l i g h t

Source of variation d.f. s • s • m. s • v.r. F pr.
reps stratum 5 3.3542 0.6708 1.07
reps.system stratum
system 3 0.7292 0.2431 0.39 0.763 '
A+NPK vs B 1 0.6667 0.6667 1.06 0.319
Deviations 2 0.0625 0.0313 0.05 0.951 ■

Residual 15 9.3958 0.6264 2.84
reps.system.‘Units* :stratum
variety 1 67.6875 67.6875 306.51 <.001***
system.variety 3 0.3958 0.1319 0.60 0.624
A+NPK vs B.variety 1 0.1667 0.1667 0.75 0.395
Deviations 2 0.2292 0.1146 0.52 0.603

Residual 20 4.4167 0.2208

Total 47 85.9792

73...............................
***** Analysis of variance *****

V a r i a t e :  s t B r o w n

Source of variation d.f. S.S. m.s. v.r. F p r .
reps stratum 
reps.system stratum

5 13.000 2.600 1.24

system 3 16.500 ,5.500 2.62 0.089
A+NPK vs B 1 2.667 2.667 1.27 0.278
Deviations 2 13.833 6.917 3.29 0.065

Residual 15 31.500 2.100 1.53
reps.system.‘Units* stratum
variety 1 18.750 18.750 13.64 0.001***
system.variety 3 8.750 2.917 2.12 0.130
A+NPK vs B.variety 1 2.667 2.667 1.94 0.179 *
Deviations 2 6.083 3.042 2.21 0.136

Residual 20 27.500 1.375

Total 47 116.000

74 matrix[rows=!t( •A+NPK VS C*) ; columns1=4;values=\
75 0,-l,0,l]o
76 treat reg(system;l;o)‘variety
77 anova[fprob-yes;print=a] Weeds,Vigour,Form,Cover,Blight,StBrowning
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V a r i a t e :  S e e d s

77........................
***** Analysis of variance ****

Source of variation d.f.
reps stratum 
reps.system stratum

5

system 3
A+NPK vs C 1
Deviations 2

Residual 15
reps.system.‘Units* istratum
variety 1
system.variety 3
A+NPK vs c.variety 1
Deviations 2

Residual 20

Total 47

s.s.' m.s. v.r. F pr.
39.6667 7.9333 3.92

13.6667 4.5556 2.25 0.124
0.1667 0.1667 0.08 0.778

13.5000 6.7500 3.34 0.063
30.3333 2.0222

0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000

83.6667

***** Analysis of variance *****

Variate: Vigour
Source of variation d. f. s.s. m.s. v.r. F pr.
reps stratum 5 3.1042 0.6208 0.55
reps.system stratum 
system

a+ipk VS c
3 20.5625 6.8542 6.12 0.006**
1 9.3750 9.3750 8.36 0.011*

Deviations 2 11.1875 5.5937 4.99 0.022*
Residual 15 16.8125 1.1208 4.01
reps.system.»Units * stratum 
varietv 1 46.0208 46.0208 164.85 <.001
system.variety 3 0.8958 0.2986 1.07 0.384
A+NPK vs C.variety 1 0.0417 0.0417 0.15 0.703
Deviations 2 0.8542 0.4271 1.53 0.241

Residual

Total

20

47

5.5833

92.9792

0.2792

***** Analysis of variance *****

V a r i a t e :  F o rm

Source of variation d.f. S.S. ITIiSi v.r. F pr.
reps stratum 
reps.system stratum

5 9.2500 1.8500 1.44

0.129system
A+NPK v s c

3 8.5000 2.8333 2.21
1 3.3750 3.3750 2.63 0.126

Deviations 2 5.1250 2.5625 2.00 0.170
Residual
reps.system.‘Units* :
variety
system.variety

15
stratum

19.2500 1.2833 10.27

1 65.3333 65.3333 522.67 <.001**:
3 1.1667 0.3889 3.11 0.049*

A+HPK v s  C . v a r i e t y 1 1.0417 1.0417 8.33 0.009**
Deviations 2 0.1250 0.0625 0.50 0.614

Residual

Total

20

47

2.5000

106.0000

0.1250
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V a r i a t e :  C o v e r

77.........................
***** Analysis of variance *****

source of variation d.f. s.s. m. s . v.r. F pr.
reps stratum 5 5.5000 1.1000 0.90
reps.system stratum
system 3 3.4167 1.1389 0.93 0.450
A+NPK vs C 1 2.0417 2.0417 1.67 0.216
Deviations 2 1.3750 0.6875 0.56 0.581

Residual 15 18.3333 1.2222 1.90
reps.system.‘Units* :stratum
variety 1 30.0833 30.0833 46.88 <.001***
sys tern.va rie ty 3 1.0833 0.3611 0.56 0.646
A+NPK vs C.variety 1 0.3750 0.3750 0.58 0.454
Deviations 2 0.7083 0.3542 0.55 0.584

Residual 20 12.8333 0.6417

Total 47 71.2500

77...............................
***** Analysis of variance *****

V a r i a t e :  B l i g h t

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 5 3.3542 0.6708 1.07
reps.system stratum
system 3 0.7292 0.2431 0.39 0.763
A+NPK vs C 1 0.0417 0.0417 0.07 0.800
Deviations 2 0.6875 0.3438 0.55 0.589

Residual 15 9.3958 0.6264 2.84
reps.system.‘Units* :stratum
variety 1 67.6875 67.6875 306.51 <.001***
system.variety 3 0.3958 0.1319 0.60 0.624
A+NPK vs C.variety 1 0.3750 0.3750 1.70 0.207
Deviations 2 0.0208 0.0104 0.05 0.954

Residual 20 4.4167 0.2208

Total 47 85.9792

77...............................
***** Analysis of variance *****

V a r i a t e :  S tB r o w n

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 5 13.000 2.600 1.24
reps.system stratum
system 3 16.500 5.500 2.62 0.089
A+IPK VS C 1 9.375 9.375 4.46 0.052 BL
Deviations 2 7.125 3.563 1.70 0.217

Residual 15 31.500 2.100 1.53
reps.system.‘Units* stratum
variety 1 18.750 18.750 13.64 0.001***
system.variety 3 8.750 2.917 2.12 0.130
A+NPK vs C.variety 1 3.375 3.375 2.45 0.133
Deviations 2 5.375 2.688 1.95 0.168

Residual 20 27.500 1.375
Total 47 116.000

78 matrix[rows®!t(*A,A+,B vs CompC');columns=4;values®\
79 l,l,l,-3]p
80 treat reg(system;l;p)‘variety
81 for x=Weeds,Vigour,Form,Cover,Blight,StBrowning
82 anova[fprob=yes;print=a] x; resid=r; fitted=f
83 hist r
84 graph[nrows=25] r;f
85 endfor

11
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* * * * *

V a r i a t e :  S e e d s

85....................
***** Analysis of variance

Source of variation d. f. s.s. m.s. v.r. F pr.
reps stratum 5 3 9 . 6 6 6 7 7 . 9 3 3 3 3 . 9 2

reps.system stratum ,
system - 3 1 3 . 6 6 6 7 4 . 5 5 5 6 2 . 2 5 0 . 1 2 4

A,A+,B vs CompC 1 1.0000 1.0000 0 . 4 9 0 . 4 9 3

Deviations 2 1 2 . 6 6 6 7 6 . 3 3 3 3 3 . 1 3 0 . 0 7 3

Residual 1 5 3 0 . 3 3 3 3 2 . 0 2 2 2

reps.system.*units* stratum
variety 1 0.0000 0.0000
system.variety 3 0.0000 0.0000 •
A,A+,B vs CompC.variety

1 0.0000 0.0000
Deviations 2 0.0000 0.0000

Residual 2 0 0.0000 0.0000

Total 47 8 3 . 6 6 6 7

Histogram of r

-  0 . 1 5 4 3  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0 . 1 5  -  0 . 3 0 0  :

0 . 3 0  -  0 . 4 5 0  , . ,

0 . 4 5  -  0 . 6 0 0  , ________  . . .

0 . 6 0  -  0 . 7 5 0

0 . 7 5  -  0 . 9 0 0

0 . 9 0  - 0  .

Scale: 1 asterisk represents 1 unit.

-+---------- +---- ------+----------- +---------- +---------- +---------- +--
1 . 0 0  I  I

I    . _ .  X

I  I

I  I

I  I

X I

0 . 7 5  I  I

I  I

I  I

I  I

I  X

I  . I

0 . 5 0  I  I

I  I
I  . I

I  I

I  I

X I

0 . 2 5  I  I

I  I

I  I

I  I

I  I

I  I
0 . 0 0  1 2  9 9 6  4 4 I

- + -------------------------+ ------------------------ + -------------------------+ -------------------------+ -------------------------+ ------------------------ + ------
4 . 0  5 . 0  6 . 0  7 . 0  8 . 0  9 . 0  1 0 . 0

r V. f using symbol *
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*****85.......................
***** Analysis of variance

Variate: Vigour
Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 5 3.1042 0.6208 0.55
reps.system stratum
system 3 20.5625 6.8542 6.12 0.006**
A,A+,B vs CompC 1 0.3403 0.3403 0.30 0.590
Deviations 2 20.2222 10.1111 9.02 0.003(other

contrasts)
Residual < ? , - 15 16.8125 1.1208 4.01
reps.system.‘Units* stratum
variety. 1 46.0208 46.0208 164.85 <•001***
system.variety 3 0.8958 0.2986 1.07 0.384
A.A+.B vs CompC.variety 1 0.0069 0.0069 0.02 0.876

: Deviations 2 0.8889 0.4444 1.59 0.228
Residual 20 5.5833 0.2792
Total 47 92.9792

Histogram of r

-  - 0 . 8  
-0.8 - -0.4 
-0.4 - 0.0
0.0 - 0.4
0.4 - 0.8
0 . 8  -  1 . 2  
1.2 -

1  *6 ******
2i ********************* 
33 ************* 
g ******

1 *

0

Scale: 1 asterisk represents 1 unit.

-+-------- +■
1.0 I 

I 
I 
I 
I 
I

0.5 I I 
I 
I 
I
I *

0.0 I 
I 
I 
I

■ I 
I

-0.5 I 
I 
I 
I 
I 
I

-1.0 I
-+-------- +■

2.0 3.0

----- +-------- +-

2

* 2
*

3 *
*

2

*
*

*

----- +-------- +-
4.0 5.0

------ +-------- +-

*

* *
*

2 *

5
3 *

2 2 
*

2

----- +-------+■
6.0 7.0

*

*

I
I
I

I
I
I
I
I
I
I
I
I
I

5 X 
I 
I 
I 
I 
I 
I 
I 
I  
I 
I 
I

— +■ 
8.0

r V. f using symbol *
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*****
Variate: Form

85.......................
***** Analysis of variance

Source of variation d,.f. s.s. m.s. v.r. F pr.reps stratum 5 9.2500 1.8500 1.44
reps.system stratum
system 3 8.5000 2.8333 2.21 0.129A,A+,B vs Compc 1 0.1111 0.1111 0.09 0.773Deviations 2 8.3889 4.1944 3.27 0.066Residual 15 19.2500 1.2833 10.27reps.system.»Units* stratum
variety 1 65.3333 65.3333 522.67 <.001***system.variety 3 1.1667 0.3889 3.11 0.049*A,A+,B vs ConpC.variety

1 1.0000 1.0000 8.00 0.010*
Deviations 2 0.1667 0.0833 0.67 0.524Residual 20 2.5000 0.1250

Total 47 106.0000

Histogram of r

-0.30 5 *****
-0.30 - -0.15 14 **************
-0.15 - 0.00 5 ***** * "
0.00 - 0.15 5 ***** - - ’
0.15 0.30 14 **************
0.30 - 0.45 5 *****
0.45 - 0

Scale: 1 asterisk represents 1 unit.

0.50 I II II * I
I II * 2 * II I0.25 I * * 2 2 II II * 3 4 II II 2 2 * II Z

0.00 I I
I I
I 2 2 * . II II 4 * 3 I
I I

-0.25 I * 2 * * * I
I I
I * * 2 I
I II * II I-0.50 I I
1.2 2.4 3.6 4.8 6.0 7.2 8.4

r V. f using symbol *
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*****........................
***** Analysis of variance

Variate: Cover
Source of variation 
reps stratum 
reps.system stratum 
systemA,A+,B vs CompC 
Deviations 

Residual reps.system.»Units* stratum 
variety system.variety
A,A+,B vs CompC.variety
Deviations 

Residual
Total

f.
5 s.s.5.5000

m.s.
1.1000 v.r.0.90

F pr.

3 3.4167 1.1389 0.93 0.450
1 0.2500 0.2500 0.20 0.658
215

im
3.1667
18.3333

1.5833
1.2222 1.301.90 0.303

1 30.0833 30.0833 46.88 <.001***
3 1.0833 0.3611 0.56 0.646
1 0.0278 0.0278 0.04 0.837
2
20
47

1.0556
12.8333
71.2500

0.5278
0.6417

0.82 0.454

Histogram of r

- -1.6 1 *
-1.6 - -0.8 1 *
-0.8 - 0.0 22 **********************

0.0 - 0.8 22 **********************
0.8 - 1.6 1 *
1.6 - 2.4 1 *
2.4 « 0

Scale: 1 asterisk represents 1 unit.

-+-------- +-------- +-------- +-------- +------- .-+-------- +•
2.4 I

I
I *
I
I
I

1.2 I I 
I 
I 
I 
I

0.0 I *I 2
I
I
I
I

-1.2 I 
I 
I 
I 
I 
I

-2.4 I—H-------+•
2.4 3.2

I 
I 
I 1 1 
I 
I 
I 
I 
I5 I

* I 
* I

I 
I 
I

* I I 
I 
I 
I 
I 
I 
I 
I— +-------+-------+-------+-------+ 

4.0 4.8 5.6 6.4 7.2

2 *2 
4 2
23 *2

32

r v. f using symbol *
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*****
Variate: Blight

85.... ....................
***** Analysis of variance

Source of variation d.f. s.s. m.s. v.r. r pr.
reps stratum 
reps.system stratum

5 3.3542 0.6708 1.07

system 3 0.7292 0.2431 0.39 0.763
A,A+,B vs compc 1 0.0625 0.0625 0.10 0.756
Deviations 2 0.6667 0.3333 0.53 0.598

Residual
reps.system.»units*

15
stratum

9.3958 0.6264 2.84

variety 1 67.6875 67.6875 306.51 <.001***
system.variety 3 
A,A+,B vs compc.variety

0.3958 0.1319 0.60 0.624

1 0.1736 0.1736 0.79 0.386
Deviations

Residual
2

20
0.2222
4.4167

0.1111
0.2208

0.50 0.612

Total 47 85.9792

Histogram of r

-  - 0 .6
- 0 . 6 ---0.3
-0.3 - 
0 . 0  -  

0.3 - 
0 . 6  -  

0.9 -

0.0
0.3
0. 6
0.9

2 **
g  * * * * * *

lg **************** 
^g **************** 
g * * * * * *
2 **0

Scale: 1 asterisk represents 1 unit.

1. 0
0.5

0. 0
-0.5

- 1.0

-+-
I
I
I
I •
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I-+-

1.0
— +- 
4.8

— +- 
5.6

— +- 
6.4

— +- 
7.2

— +-
8.0

— +-
8.8

r V. f using symbol *
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F pr

Variate: StBrown

85....... ........................
***** Analysis of variance ***** ,

Source of variation d.f. s.s. m.s. v.r.reps stratum , 5 ,; 13.000 2.600 1.24reps.system stratum 
system 3 16.500 5.500 2.62A,A+,B v s  CoropC 1 1 1 . 1 1 1 1 1 . 1 1 1 5.29Deviations 2 5.389 2.694 1.28Residual 15 31.500 2.100 1.53reps.system.»Units* stratum
variety 1 18.750 18.750 13.64system.variety 3 8.750 2.917 2.12A,A+fB vs CompC.variety

1 3.361 3.361 2.44Deviations 2 5.389 2.694 1.96Residual 20 27.500 1.375

0.089
0.036*
0.306

0 .0 01 * * *
0.130
0.134
0.167

Total 47 116.000

Histogram of r

- - 1 . 2 2 * *

- 1 . 2 - - 0 . 6 11 * * * * * * * * * * *

- 0 . 6 - 0 . 0 11 * * * * * * * * * * *

0 . 0 - 0 . 6 11 * * * * * * * * * * *

0 . 6 - 1 . 2 11 * * * * * * * * * * *

1 . 2 - 1 . 8 2 * *

1 . 8 - 0
Scale: 1 asterisk represents 1 unit.

-+—  
1.6 I 

I 
I
I*
I
I * 0.8 I 
I 
I 
I X 
I

0.0 I 
I 
I 
I 
I 
I

-0.8 I 
I 
I 
I 
I 
I

-1.6 I-+--
- 1.2

33

— +-
0 .0

— +-
1.2

— +- 
2.4

— +- 
3.6

— +- 
4.8

r V. f using symbol *
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I

— +-
6. 0

»MESSAGE: End of file found on Input channel 1
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Appendix 35: Wheat Yields 1996 - Silicon Sprays Greenhouse Trial.
Genstat 5 Statistical Output.

Genstat 5 Release 4.1 (Sun/Solaris) , * Mon Nov 30 15:02:50 1998
Copyright 1997, Lawes Agricultural Trust (Rothamsted Experimental station)

1 "Silicon sprays-glasshouse wheat trial '96 - Fresh s Dry Yields of 
-2 Stem+leaves (P) and Ears (E) in factorial RCB experiment with 6 blocks, 
-3 4 sprays (P501, Kieselguhr, Equisetum arvense & H20) and 5 dilutions.-4 contrasts of Interest. By Geraldo Deffune"
5 units [120]6 fact [labels=!t(P501,Kieselguhr,Equisetum,H20)]spray
7 fact [labels»!tCm’̂ SiVli'^eOppm',’8.3ppm')]dilut
8 fact [levels=6]reps , _
9 block reps/spray
10 treat spray*dilut
11 read [print=data,s] reps,spray,dilut,PFtft,EFWt,PDWt,EDWt,PDM%,EDM%
12 i 1 1 7.4 6.0 6.3 5.1 85.1 85.0
13 i 1 2 8.0 4.2 6.8 3.5 85.0 83.3
14 i 1 3 £.8 S.3 6.0 4.6 88.2 86.8
15 i 1 4 6.4 5.0 5.4 4.3 84.4 86.0
16 i 1 5 7.2 5.7 6.3 4.9 87.5 86.0
17 2 1 1 6.6 4.0 5.3 3.3 80.3 82.5
18 2 1 2 7.9 5.6 6.7 4.7 84.8 83.9
19 2 1 3 7.4 5.3 6.2 4.7 83.8 88.7
20 2 .1 4 8.1 6.4 7.0 5.4 86.4 84.4
21 2 1 5 7.8 6.0 6.5 5.1 83.3 85.0
22 3 1 1 7.0 4.3 5.6 3.6 80.0 83.7
23 3 1 2 7.S 4.9 6.1 4.1 81.3 83.7
24 3 1 3 6.7 4.1 5.5 3.4 82.1 82.9
25 3 1 4 7.2 4.9 6.0 4.1 83.3 83.7
26 3 1 3 7.0 5.2 5.7 4.5 81.4 86.5
27 4 1 1 7.8 6.2 6.4 5.3 82.1 85.5
28 4 1 2 6.4 4.3 5.3 3.7 82.8 86.0
29 4 1 3 6.3 2.9 5.3 2.3 81.5 79.3
30 4 1 4 5.5 3.3 4.5 2.7 81.8 81.8
31 4 1 5 6.9 5.6 5.6 4.6 81.2 82.1
32 5 1 1 6.4 4.6 5.1 3.7 79.7 80.4
33 5 1 2 6.5 4.4 5.3 3.8 81.5 86.4
34 3 1 3 6.1 3.7 5.0 3.3 82.0 89.2
35 S 1 4 6.3 3.9 5.0 3.3 79.4 84.6
36 5 1 S 5.6 3.2 4.6 2.7 82.1 84.4
37 6 1 1 5.1 2.1 4.2 1.8 82.4 85.7
38 6 1 2 6.2 1.4 5.0 1.2 80.6 85.7
39 £ X 3 6.1 4.3 5.1 3.5 83.6 81.4
40 6 X 4 5.7 2.4 4.7 2.1 82.5 87.5
41 6 X 5 7.2 3.4 5.8 2.9 80.6 85.3
42 X 2 1 6.7 5.1 5.9 4.3 88.1 84.3
43 X 2 2 8.0 5.4 6.7 4.5 83.8 83.3
44 X 2 3 6.2 4.0 5.3 3.4 85.5 85.0
45 1 2 4 7.8 5.6 6.7 4.8 85.9 85.7
46 1 2 5 7.6 5.2 6.4 4.6 84.2 8B.5
47 2 2 1 8.2 4.8 6.8 4.0 82.9 83.3
48 2 2 2 7.1 4.7 5.9 4.0 83.1 85.1
49 2 2 3 6.9 5.2 5.9 4.3 85.5 82.7
50 2 2 4 7.3 5.8 6.3 5.0 86.3 86.2
51 2 2 5 7.0 5.5 5.9 4.6 84.3 83.6
52 3 2 1 7.4 5.3 6.2 4.5 83.8 84.9
53 3 2 2 7.0 3.1 5.6 2.6 80.0 83.9
54 3 2 3 6.9 5.4 5.8 4.7 84.1 87.0
55 3 2 4 5.5 3.0 4.5 2.5 81.8 83.3
56 3 2 5 7.0 4.2 5.8 3.6 82.9 85.7
57 4 2 1 6.5 5.6 5.4 4.8 83.1 85.7
58 4 2 2 6.1 4.8 5.1 4.0 83.6 83.3
59 4 2 3 5.7 3.9 4.8 3.2 84.2 82.1
60 4 2 4 6.6 5.7 5.5 4.8 83.3 84.2
61 4 2 5 6.7 5.1 5.5 4.3 82.1 84.3
62 5 2 1 6.1 4.4 5.1 3.7 83.6 84.1
63 5 2 2 6.1 3.4 5.0 2.9 82.0 85.3
64 5 2 3 7.1 3.1 5.8 2.6 81.7 83.9
65 5 2 4 5.2 3.2 4.3 2.6 82.7 81.3
66 5 2 5 6.1 4.2 5.1 3.7 83.6 88.1
67 6 2 1 6.4 3.5 5.3 3.0 82.8 85.7
68 6 2 . 2 5.8 4.2 4.8 3.5 82.8 83.3
69 6 2 3 5.9 3.3 4.7 2.7 79.7 81.8
70 6 2 4 6.0 3.4 4.9 2.8 81.7 82.4
71 6 2 5 5.6 4.1 4.7 3.5 83.9 85.4
72 X 3 1 6.1 4.3 5.4 3.6 88.5 83.7
73 1 3 2 7.2 5.4 6.1 4.5 84.7 83.3



' 74 
" 75'
76
77
78
79
80 
81 
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97 

.. 98
99

100
101
102
103
104
105
106
107
108
109
110 
111 
112
113
114
115
116
117
118
119
120 
121 
122
123
124
125
126
127
128
129
130
131
132

Identifier
PFWtE m
PDWt
EDWt
PDM%
EDM%

Identifier
reps
spray
dilut

6 . 6
7.7
7.4
6.8
7.8
7.5
7.6
7.0
7.5
7.0
6.9
8 . 8
6 . 1
7.0
7.2
6.0
7.0
8.9
5.9
4.8
6.1
6 .2  
6 .2
6.9
7.5
6 .8
4.7
5.7
7.3
7.0
7.3
7.2
6 .8
7.8
7.6
7.6
7.7
7.2
7.9
6.7
7.0
6.2
7.5
5.2
6.0
6.5
5.5
6.8 .
6.4
6.2  
6 .2  
6.2
5.5
6 . 1
5.6 
6.2
5.6
5.6

Minimum
4.700
0.600
3.900
0.500
78.90
77.40

Values
120
120
120

4.6 
'5.0
5.0
4.8
6.3
5.5
5.5
6.0
5.0
5.4
4.9
6.3
3.8
5.1
5.9
5.3
5.7
5.8
3.4
0.6
3.3
4.7
4.3
5.1
4.1
3.3
1.8
2. 2
5.2
5.6
5.5
4.9
4.6
5.5
5.6
5.0
5.1
5.0
6.2
4.5
5.2
4.4
4.8
3.4
3.2
5.3
4.1
4.5
3.1
4.5
3.9
3.9
3.7
3.0
3.0
3.7
3.6
2 . 2

Mean
6.709
4.478
5.604
3.787
83.47
84.41

Missing000
133
134
135
136
137
138
139

5.6 4.0 84.8 87.0
6.5 4.4 84.4 88.0
6.2 4.2 83.8 84.0
5.7 4.1 83.8 85.4
6.8 5.4 87.2 85.7
6.4 4.7 85.3 85.5
6.6 4.8 86.8 87.3
5.9 5.1 84.3 85.0
6.3 4.3 84.0 86.0
5.8 4.5 82.9 83.3
5.8 4.1 84.1 83.7
7.3 5.3 83.0 84.1
5.0 3.3 82.0 86.8
5.6 4.2 80.0 82.4
6.1 4.9 84.7 83.1
4.9 4.4 81.7 83.0
5.9 4.9 84.3 86.0
7.3 4.9 82.0 84.5
4.8 2.9 81.4 85.3
4.1 0.5 85.4 83.3
5.1 2.8 83.6 84.8
5.1 4.0 82.3 85.1
5.2 3.6 83.9 83.7
5.7 4.2 82.6 82.4
6.2 3.5 82.7 85.4
5.6 2.7 82.4 81.8
3.9 1.5 83.0 83.3
4.5 1.8 78.9 81.8
6.2 4.5 84.9 86.5
5.8 4.8 82.9 85.7
6.2 4.7 84.9 85.5
6.2 4.1 86.1 83.7
5.8 4.0 85.3 87.0
6.7 4.7 85.9 85.5
6.4 4.7 84.2 83.9
6.6 4.2 86.8 84.0
6.7 4.4 87.0 86.3
6.3 4.1 87.5 82.0
6.6 5.3 83.5 85.5
5.7 3.9 85.1 86.7
5.8 4.4 82.9 84.6
5.1 3.7 82.3 84.1
6.2 4.1 82.7 85.4 ■'*'
4.3 2.8 82.7 82.4
4.9 2.7 81.7 84.4
5.4 4.5 83.1 84.9
4.5 3.4 81.8 82.9
5.7 3.7 83.8 82.2
5.1 2.4 79.7 77.4
5.4 4.1 87.1 91.1
5.2 3.3 83.9 84.6
5.3 3.3 85.5 84.6
4.8 3.1 87.3 83.8
5.0 2.5 82.0 83.3
4.7 2.4 83.9 80.0
5.2 3.0 83.9 81.1
4.7 3.0 83.9 83.3
4.6 1.8 82.1 81.8

L Maximum Values Missing
1 8.900 120 0

6.400 120 0
. 7.300 120 0
5.400 120 0

> 88.50 120 0
91.10 120 0

1 Levels
1 6
1 4
1 5

P501vsKie,Equ’,’KiesvsEquis
columns=4;values=\
1,1,1,-3,\
- 2 , i ; i , o , \0,l,-l,0]m
treat reg(spray?3;m)*dilut
anova[fprob=yes;print=a,m,%cv;pse-diff,lsd] PFWt,E m , PDWt,EDWt,PDM%,EDM*



*****
Variate: PFWt

139......................
***** Analysis of variance

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 5 34.7354 6.9471 20.44
reps.spray stratum
spray 3 1.1069 0.3690 1.09 0.385
H20vsTheRest 1 0.3674 0.3674 1.08 0.315
P501vsKie,Equ 1 0.0569 0.0569 0.17 0.688
KiesvsEquis 1 0.6827 0.6827 2.01 0.177

Residual 15 5.0976 0.3398 0.76
reps.spray.»Units* stratum
dilut 4 0.9187 0.2297 0.51 0.726
spray.dilut 12 2.5627 0.2136 0.48 0.923
H20vsTheRest.dilut 4 1.1100 0.2775 0.62 0.650
P50lvsKie,Equ.dilut 4 0.5303 0.1326 0.30 0.880
Kie svs Equi s. dilut 4 0.9223 0.2306 0.52 0.725

Residual .80 -35.8187 0.4477
Total 119 80.2399

***** Tables of means ***** 
Variate : PFWt 
Grand mean 6.709

spray P501 Kieselguhr Equisetum H20
6.777 6.617 6.830 6.613

dilut 10% 5% 1% 83ppm 8.3ppm
6.771 6.800 6 .625 6.583 6.767

spray dilut . 10% 5% 1% 83ppm 8.3ppm
P501 6.717 7.083 6.600 6.533 6.950

Kieselguhr 6.883 6.683 6.450 6.400 6.667
Equisetum 6.700 6.917 6.650 7.000 6.883

H20 6.783 6.517 6.800 6.400 6.567

** standard errors of differences of means ***
Table

rep.
s.e.d.
d.f.
Except when 
spray 
d.f.

spray dilut spray
dilut

30 24 6
0.1505 0.1932 0.3769

15 80 95
comparing means with the same level(s) 

0.3863
80

*** Least significant differences of means (5% level) 
Table J" " ~spray dilut spray

dilut
30 24 6

0.3208 0.3844 0.7482
15 80 95

rep. 
l.s.d.
d.f. .
Except when comparing means with the same level(s)
spray 0,7688
d.f. 80

of

***

***** stratum standard errors and coefficients of variation *****

Stratum
reps
reps.spray
reps.spray.»units*

d.f. s.e. CV%
5 0.5894 8.8

15 0.2607 3.9
80 0.6691 10.0

3



*****
Variata: EFVt

139........ ........... .
***** Analysis of variance

Source of variation d.f. s . s . m.s. v . r . S’ pr .
reps stratum 5 72.1377 14.4275 17.10
reps.spray stratum
spray 3 0.8037 0.2679 0.32 0.813
H20vsTheRest 1 0.2054 0.2054 0.24 0.629
P501vsKie,Equ 1 0.3042 0.3042 . 0.36 0.557
KiesvsEquis 1 0.2940 0.2940 0.35 0.564

Residual 15 12.6543 0.8436 1.14
reps.spray,‘Units* stratum
dilut 4 0.8645 0.2161 0,29 0.882
spray.dilut 12 4.5455 0.3788 0.51 0.901
H20vsTheRest.dilut 4 2.6571 0.6643 0.90 0.469
P501vsKie,Equ.dilut 4 0.8374 0.2094 0.28 0.888
Kie s vs Equis .dilut 4 . 1.0510 0.2627 0.36 0.839

Residual 80 59.0980 0.7387
Total 119 150.1037

***** Tables of means; *****
Variate: EFWt
Grand mean 4.478

spray P501 Kieselguhr Equisetum H20
4.420 4.473 4.6131 4.407

dilut 10% 5% 1% 83ppm 8.3ppm
4.583 4.354 4.417 4.483 -4.554

spray dilut 10% 5% 1% 83ppm 8.3ppm
P501 4.533 4.133 4.267 4. 317 4.850

Ki-eselguhr 4.783 4.267 4.150 4.450 4.717
Equisetum 4.617 4.617 4.483 4. 833 4.517

H20 4.400 4.400 4.767 4.333 4.133

*** Standard errors of differences of means ***

Table spray dilut spray
dilut

rep. 30 24 6
s.e.d. 0.2372 0.2481 0.5032
d.f. 15 80 92.14
Except when comparing means with the same level(s)  of
spray 0.4962
d.f. 80

*** Least significant differences of means (5% level) ***
Table spray dilut spray

dilut
rep. ‘ 30 24 6
l.s.d. 0.5055 0.4938 0.9994
d.f. 15 80 92.14
Except when comparing means with the same level(s) of '
spray 0.9875
d.f. 80

***** stratum standard errors and coefficients of variation *****

Stratum d.f. s.e. cv%
reps . 5 0.8493 19.0
reps.spray 15 0.4108 9.2
reps.spray.‘Units* 80 0.8595 19.2

4
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*****

variate: PDWt

139......................
***** Analysis of variance

Source of variation d.f. s. s. m. s. v.r. F pr.
reps stratum 5 32.0184 6.4037 25.66
reps.spray stratum
spray 3 0.5896 0.1965 0.79 0.519
H20vsTheRest 1 0.0467 0.0467 0.19 0.672
P501vsKie,Equ 1 0.0014 0.0014 0.01 0.942
KiesvsEquis 1 0.5415 0.5415, 2.17 0.161

Residual 15 3.7439 0.2496 0.80
reps.spray.‘Units* stratum
dilut 4 0.4000 0.1000 0.32 0.864
spray.dilut 12 2.0367 0.1697 0.54 0.880
H20vsTheRest.dilut 4 0.6729 0.1682 0.54 0.708
P50lvsKie,Equ.dilut 4 0.5094 0.1274 0.41 0.803
Kie svs Equi s.dilut 4 0.8543 0.2136 0.68 0.605

Residual 80 24.9993 0.3125
Total 119 63.7879
***** Tables of means *****
Variate: PDWt 
Grand mean 5.604

spray P501 Kieselguhr Equisetum H20
5.610 5.523 5.713 5.570

dilut 10% 5% 1% 83ppm 8.3ppm
5.625 5.679 5.550 5.525 5.642

spray dilut 10% 5% 1% 83ppm 8.3ppm
P501 i 5.483 5.867 5.517 5.433 5.750

Kieselguhr 5.783 5.517 5.383 5.367 5.567
Equisetum 5.583 5.850 5.567 5.883 5.683

H20 5.650 5.483 5.733 5.417 5.567
*** Standard errors of differences of means “ *
Table spray dilut spraydilut
rep. 30 24 6s e.d. 0.1290 0.1614 0.3162
d’.f. 15 80 94.95
Except when comparing means with the same level(s) of 
spray 0.3227
d.f. 80
*** Least significant differences of means (5% level)
Table
rep.
l.s.d
d.f.

spray dilut spray
dilut

30 24 6
0.2749 0.3211 0.6277

15 80 94.95
Except when 
spray 
d.f.

comparing means with the same level(s) of
0.6423

80

* * *

***** stratum standard errors and coefficients of variation *****
stratum
repsreps.spray

d.f.
5

s.e.0.5658 cv%
10.1

15 0.2234 4.0
reps.spray.‘Units* 80 0.5590 10.0

5



Variate: EDWt

139............................
***** Analysis of variance *****

Source of variation d.f. S.5. m.s. v.r. F pr.
reps stratum 5 54.2907 10.8581 17.50
reps.spray stratum
spray 3 0.6073 0.2024 0.33 0.806
H20vsTheRest 1 0.1778 0.1778 0.29 0.600
P501vsKie,Equ 1 0.2136 0.2136 0.34 0.566
KiesvsEquis 1 0.2160 0.2160 0.35 0.564

Residual 15 9.3047 0.6203 1.12
reps.spray.‘Units* stratum
dilut 4 0.6012 0.1503 0.27 0.895
spray.dilut 12 3.8335 0.3195 0.58 0.853
H20vsTheRest.dilut 4 2.1731 0.5433 0.99 0.421
P50lvsKie,Equ.dilut 4 0.6098 0.1524 0.28 0.892
KiesvsEquis.dilut 4 1.0507 0.2627 0.48 0.753

Residual 80 44.1213 0.5515
Total 119 112.7587

***** Tables
Variate: EDWt 
Grand mean 3

spray

of means *****

.787 ,
P501 Kieselguhr Equisetum H20
3.740 3.783 3.903 3.720

dilut 10% 5% 1% 8 3 ppm 8.3ppm
3.858 3.683 3.729 3.800 3.862

spray dilut 10% 5% 1% 8 3 ppm 8.3ppm
P501 3.800 3.500 3.633 3.650 4.117

Kieselguhr 4.050 3.583 3.483 3.750 4.050
Equisetum 3.883 3.883 3.783 4.150 3.817

< H20 3.700 3.767 4.017 3.650 3.467
*** standard. 
Table
rep. . s. e. d.

errors of differences of means ***
spray dilut spraydilut

30 24 6 0.2034 0.2144 0.4341
d.f. 15 80 92.37
Except when comparing means with the same level(s) of 
spray 0.4288
d.f.
*** Least
Table
rep.
l.s.d.
d.f.

significant differences of means (5% level)
spray dilut spray

dilut
30 24 6

0.4334 0.4266 0.8621
15 80 92.37

Except when comparing means with the same level(s) of 
spray 0.8533
d.f. 80

* * *

***** Stratum standard errors and
Stratum d.f. 
reps 5 reps.spray 15 reps.spray.‘Units* 80

coefficients of variation ***** 
s.e. cv%

0.7368 19.5
0.3522 9.30.7426 19.6

6



......................
***** Analysis of variance 1rkt **

Variate: PDM%
Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 5 182.369 36.474 11.94
reps.spray stratum 
sprayH20vsTheRest

3 32.674 10.891 3.57 0.040*
1 18.225 18.225 5.97 0.027*

P501vsKie ,Equ 1 13.945 13.945 4.57 0.050*
KiesvsEquis 1 0.504 0.504 0.17 0.690

Residual 15 45.813 3.054 1.34
reps.spray.»Units* stratum 
dilut 4 8.114 2.028 0.89 0.473
spray.dilut
E20vsTheRe st.dilut

12 34.870 2.906 1.28 0.248
4 7.464 1.866 0.82 0.516

P501vsKie,Equ.dilut 4 10.381 2.595 1.14 0.343
Kie svsEquis.dilut 4 17.025 4.256 1.87 0.123

Residual
Total

80
119

181.905
485.744

2.274

***** Tables of means ***** 
Variate: PDM%
Grand mean 83.47

spray P501 Kieselguhr Equisetum H20
82.69 83.43 83.62 84.15

dilut 10% 5% 1% 83ppm 8.3ppm
83.04 83.49 83.72 83.75 83.36

spray dilut 10% 5% 1% 8 3 ppm 8.3ppm
P501 81.60 82.67 83.53 82.97 82.68

Kieselguhr 84.05 82.55 83.45 83.62 83.50
Equisetum 83.38 84.60 83.65 83.97 82.48

H20 83.12 84.15 84.25 84.43 84.78
*** standard errors <of differences of means ***
Table spray dilut spray

dilut
rep. s. e. d.

30
0.451

24
0.435 0. 6

900
d.f. 15 80 89.14
Except when comparing means with the same level(s) of0.871 

80spray
d.f.
*** least significant differences of means (5% level) ***
Table spray dilut spray

dilut
rep. 30 24 6
l.s.d. 0.962 0.866 1.788
d.f. 15 80 89.14
Except when-comparing means 
spray 
d.f.

with the same level(s) 
1.733 

80
***** stratum standard errors and coefficients of variation *****
Stratum
repsreps.spray
reps.spray.‘Units*

f. s.e. cv%
5 1.350 1.6
15 0.782 0.9
80 1.508 1.8

7
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*****................ : —
***** Analysis of variance

Variate: EDM%
d.f.Source of variation 

reps stratum 
reps.spray stratum 
spray

H20vsTheRest 
p501vsKie,Equ 
KiesvsEquis 

Residual reps.spray.»units* stratum 
dilut
spray.dilut
H20vsTheRe st.dilut 
P50lvsKie,Equ.dilut 
Kie svsEquis.dilut 

Residual 
'Tribal

3 
1 1 
1

15

4
12
4
4
4

80

***** Tables of means ***** 
Variate: EDM%
Grand m e a n  84.41

spray P501 Kieselguhr 
84.58 84.45

s.s.
62.399

3.284
3.007
0.249
0.028

40.750

7.587
39.143
13.943
6.123

19.078
339.622
4 9 2 . 7 8 6

Equisetum
84.49

m.s. v.r.
12.480 4.59

1 . 0 9 5 0.40
3.007 1.11
0.249 0.09
0.028 0.01
2.717 0.64

1.897 0.45
3.262 0.77
3. 4 8 6 0.82
1.531 0.36
4.769 1.12
4. 2 4 5

H20
84.14

dilut 10% 5%
84.02 84.55

spray dilut 10%
P501 83.80

Kie selguhr 84.67
Equisetum 84.20

H20 83.43

1% 8 3 p p m 8 . 3 p p m
.22 84.57 84.70

5% 1% 8 3 p p m
84.83 84.72 84.67
84.03 83 . 7 5 83. 8 5
84.02 84.30 85.63
85.30 84.12 84. 1 5

*** standard errors of differences of means ***
Table spray dilut spray
TaDX dilut

30 24 6
g d 0. 4 2 6  0.5 9 5  1. 1 4 6

d . V .  15 80 94.72
Except when comparing means with the same level(s) of

l - 1 2SOf !•

*** Least significant differences of means (5% level) ***
Table spray dilut sPrayTaDX dilut
r e D  30 24 6
r i d  0.907 1.184 2 . 2 7 5

15 80 94.72
Except when comparing means with the same level(s)

2*3 67spray 80
U f t *

of

F pr.

0.753
0.309
0 . 7 6 6
0.920

0.774
0. 6 8 1
0 . 5 1 6
0 . 8 3 6
0.351

8 . 3 p p m
84.88
85.93
84.30
83.70

***** Stratum standard errors and coefficients of variation *****
Stratum 
reps
reps.spray
reps.spray.‘Units* . . . .  ,140 matrix[rows=!t(’P501vsKies );columns=4;values=\
141 l,-l,0,0]n
142 treat reg(sprayjl?n)*dilut
143 anova[fprob=yes;print=a] PFWt,EFWt,PDWt,EDWt,PDM%,EDM%

f. s.e. cv%
5 0.790 0.9

15 0.737 0.9
80 2.060 2.4



143............................
***** Analysis of variance *****
Variate: Prvt
Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 
reps.spray stratum

5 34.7354 6.9471 20.44

spray 3 1.1069 0.3690 1.09 0.385
P501vsKies 1 0.3840 0.3840 1.13 0.305
Deviations 2 0.7229 0.3615 1.06 0.370

Residual 15 5.0976 0.3398 0.76
reps.spray.‘Units * stratum
dilut 4 0.9187 0.2297 0.51 0.726
spray.dilut 12 2.5627 0.2136 0.48 0.923

P501vsKies.dilut 4 0.5410 0.1353 0.30 0.876
Deviations 8 2.0217 0.2527 0.56 0.804

Residual 80 35.8187 0.4477
Total 119 80.2399

143..............................
***** Analysis of variance ***** 
v a r i a t e :  E F V t

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 
reps.spray stratum

5 72.1377 14.4275 17.10

spray 3 0.8037 0.2679 0.32 0.813
P501vsKies 1 0.0427 0.0427 0.05 0.825
Deviations 2 0.7610 0.3805 0.45 0.645

Residual 15 12.6543 0.8436 1.14
reps.spray.‘Units* stratum
dilut 4 0.8645 0.2161 0.29 0.882
spray.dilut 12 4.5455 0.3788 0.51 0.901

P50lvsKies.dilut 4 0.3457 0.0864 0.12 0.976Deviations 8 4.1998 0.5250 0.71 0.681
Residual 80 59.0980 0.7387
Total 119 150.1037

143..............................
***** Analysis of variance ***** 
V a r i a t e :  P D V t

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 
reps.spray stratum

5 32.0184 6.4037 25.66

spray 3 0.5896 0.1965 0.79 0.519
P501vsKies 1 0.1127 0.1127 0.45 0.512
Deviations 2 0.4769 0.2385 0.96 0.407

Residual 15 3.7439 0.2496 0.80
reps.spray.‘Units* stratum
dilut 4 0.4000 0.1000 0.32 0.864
spray.dilut 12 2.0367 0.1697 0.54 0.880

P50lvsKies.dilut 4 0.6923 0.1731 0.55 0.697
Deviations 8 1.3443 0.1680 0.54 0.825

Residual 80 24.9993 0.3125
Total 119 63.7879



143..........................
***** Analysis of variance ***
Variate: EDWt
Source of variation d.f.
reps stratum 
reps.spray stratum

5

spray . 3
P501vsKies 1
Deviations 2

Residual 15
reps.spray.»units* stratum
dilut 4
spray.dilut 12

P501vsKies.dilut 4
Deviations 8

Residual 80

Total 119

<

s.s. m.s. v.r. F pr.
54.2907 10.8581 17.50

0.6073 0.2024 0.33 0.806
0.0282 0.0282 0.05 0.834
0.5792 0.2896 0.47 0.636
9.3047 0.6203 1.12

0.6012 0.1503 0.27 0.895
3.8335 0.3195 0.58 0.853
0.2910 0.0727 0.13 0.970
3.5425 0.4428 0.80 0.602

44.1213 0.5515

112.7587

143..............................
***** Analysis of variance ***** 
v a r i a t e :  PDM%

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 5 182.369 36.474 11.94
reps.spray stratum
s p r a y 3 32.674 10.891 3.57 0.040*

P501vsKies 1 8.288 8.288 2.71 0.120
D e v i a t i o n s 2 24.386 12.193 3.99 0.041*

Residual 15 45.813 3.054 1.34
reps.spray.»Units* stratum
dilut 4 8.114 2.028 0.89 0.473
spray.dilut 12 34.870 2.906 1.28 0.248

P501vsKies.dilut 4 13.049 3.262 1.43 0.230
Deviations 8 21.820 2.728 1.20 0.310

Residual 80 181.905 2.274

Total 119 485.744

143..............................***** Analysis of variance *****
V a r i a t e :  EDM%

Source of variation d.f.
reps stratum 5
reps.spray stratum 
spray 3
pSOlvsKies 1
Deviations 2

Residual 15
reps.spray.»units* stratum 
dilut 4
spray.dilut 12

P501vsKies.dilut 4
Deviations 8

Residual 80
Total - 119

s.s. m.s. v.r. F pr.
62.399 12.480 4.59

3.284 1.095 0.40 0.753
0.267 0.267 0.10 0.758
3.018 1.509 0.56 0.585

40.750 2.717 0.64

7.587 1.897 0.45 0.774
39.143 3.262 0.77 0.681
12.018 3.005 0.71 0.589
27.124 3.391 0.80 0.605

339.622 4.245
492.786

144 matrix[rows=11('P50lvsEquis *);columns=4;value s=\
145 -l,0 ,l,0 ]o
146 treat reg(spray;1;o)*dilut
147 anova[fprob=yes;print=a] PFWt,EFWt,PDWt,EDWt,PDM%,EDM%
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147.......................
***** Analysis of variance
variate: prwt

*****

Source of variation d.f.
reps stratum 
reps.spray stratum

5

spray 3
P501vsEquis 1
Deviations 2

Residual 15
reps.spray.»Units* stratum
dilut 4
spray.dilut 12

P501vsEquis.dilut 4
Deviations 8

Residual 80
Total 119

147............................
***** Analysis of variance **** 
Variate: EFVt

Source of variation d.f.
reps stratum 5
reps.spray stratum 
spray 3

P501vsEquis 1
Deviations 2

Residual . ■ * 15
reps.spray.»Units* stratum 
dilut - 4
spray.dilut: 12

p501vsEquis.dilut 4
■ Deviations 8
Residual 80

Total 119

s.s. m.s. v.r. F pr.
34.7354 6.9471 20.44

1.1069 0.3690 1.09 0.385
0.0427 0.0427 0.13 0.728
1.0643 0.5321 1.57 0.241
5.0976 0.3398 0.76

0.9187 0.2297 0.51 0.726
2.5627 0.2136 0.48 0.923
0.7157 0.1789 0.40 0.808
1.8470 0.2309 0.52 0.841

35.8187 0.4477
80.2399

s.s. m.s. v.r. F pr.
72.1377 14.4275 . 17.10

0.8037 0.2679 0.32 0.813
0.5607 0.5607 0.66 0.428
0.2430 0.1215 0.14 0.867

12.6543 0.8436 1.14

0.8645 0.2161 0.29 0.882
4.5455 0.3788 0.51 0.901
1.4360 0.3590 0.49 0.746
3.1095 0.3887 0.53 0.834

59.0980 0.7387

150.1037

147............................
***** Analysis of variance *** 
Variate: PDSt

Source of variation d.f.
reps stratum 
reps.spray stratum

5

spray 3
p501vsEquis 1
Deviations 2

Residual , 15

reps.spray.»Units* stratum
dilut 4
spray.dilut 12

P501VSEquis.dilut ’ 4
Deviations 8

Residual 80

Total 119

s.s. m.s. v.r. F pr.
32.0184 6.4037 25.66

0.5896 0.1965 0.79 0.519
0.1602 0.1602 0.64 0.436
0.4294 0.2147 0.86 0.443
3.7439 0.2496 0.80

0.4000 0.1000 0.32 0.864
2.0367 0.1697 0.54 0.880
0.4990 0.1247 0.40 0.809
1.5377 0.1922 0.62 0.763

24.9993 0.3125

63.7879

11



147............................
**** Analysis of variance *****
Variate: EDVt
Source of variation d.f. 3.3. m.s. v.r. F pr.
reps stratum 5 54.2907 10.8581 17.50
reps.spray stratum
spray 3 0.6073 0.2024 0.33 0.806

P501vsEquis 1 0.4002 0.4002 0.65 0.434
Deviations 2 0.2072 0.1036 0.17 0.848

Residual 15 9.3047 0.6203 1.12
reps.spray.*Units* stratum
dilut 4 0.6012 0.1503 0.27 0.895
spray.dilut 12 3.8335 0.3195 0.58 0.853

P501vsEquis.dilut 4 1.1490 0.2873 0.52 0.721
Deviations 8 2.6845 0.3356 0.61 0.768

Residual 80 44.1213 0.5515
Total 119 112.7587

147..............................
***** Analysis of variance ***** 
Variate: PDM%
Source of variation d.f. s. s . m.s. v.r. F pr.
reps stratum 5 182.369 36.474 11.94
reps.spray stratum
spray 3 32.674 10.891 3.57 0.040*
F501vsEquis 1 12.881 12.881 4.22 0.058 BL
Deviations ' 2 19.793 9.897 3.24 0.068

Residual - 15 45.813 3.054 1.34
reps.spray.»Units* stratum
dilut 4 8.114 2.028 0.89 0.473
spray.dilut - 12 34.870 2.906 1.28 0.248

P501vsEquis.dilut 4 11.034 2.759 1.21 0.312
Deviations 8 23.835 2.979 1.31 0.250

Residual 80 181.905 2.274
Total 119 485.744

147.............................
**** Analysis of variance ***** 
Variate: EDM%

Source of variation d.f. s.s. m.s. v.r. F pr.
reps stratum 5 62.399 12.480 4.59
reps.spray stratum 
spray

P501vsEquis
3 3.284 1.095 0.40 0.753
1 0.122 0.122 0.04 0.835

Deviations 2 3.163 1.581 0.58 0.571
Residual 15 40.750 2.717 0.64
reps.spray.»Units* stratum 
dilut 4 7.587 1.897 0.45 0.774
spray.dilut 12 39.143 3.262 0.77 0.681

P50lvs Equis.dilut 4 6.704 1.676 0.39 0.812
Deviations 8 32.438 4.055 0.96 0.477

Residual
Total
148 matrix[rows=!t (

80
119

'P501VSH2O

339.622 
492.786 
*);columns=4

4.245 

;values=\
149 -l,0,0,l]p
150 treat reg(spray;l?p)*dilut
151 for X=PFWt,EFWt,PDWt,EDWt,PDM%,EDM%
152 anova[fprob=yes;print=a] x; resid=r; fitted=f
153 hist r
154 graph[nrows=25] r;f
155 endfor

12
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155................. .....
***** Analysis of variance
Variate: PFVt

*****

Source of variation d.f.
reps stratum 
reps.spray stratum

5

spray 3
P501vsH2O 1
Deviations 2

Residual 15
reps.spray.‘Units* stratum
dilut 4
spray.dilut 12

P501vsH2O.dilut 4
Deviations ' ! 8

Residual 80
Total 119

s.s. m. s. v.r. F pr.
34.7354 6.9471 20.44

1.1069 0.3690 1.09 0.385
0.4002 0.4002 1.18 0.295
0.7068 0.3534 1.04 0.378
5.0976 0.3398 0.76

0.9187 . 0.2297 0.51 0.726
2.5627 0.2136 0.48 0.923
1.1907 0.2977 0.66 0.618
1.3720 0.1715 0.38 0.927

35.8187 0.4477
80.2399

Histogram of r

- 1.6
- 1.2
- 0.8
-0.40 . 0
0.4
0.8
1.2
1.6

- 1 . 6  1 *

- 1.2 1 *

-0.8 9 *********2 .0  * * * * * * * * * *
0«0 36 ************************************
0 4 44 ********************************************
0.8 12 ************
1.2 4 “ “
1.6 2 “1 *

Scale: 1 asterisk represents 1 unit.

-+•
2.0 1 

I 
I 
I 
I  
I

1.0 I I 
I 
I 
I 
I

0.0 I* 
I  
I 
I 
I 
I

- 1 . 0  I  
I 
I 
I 
I  
I

-2.0 I

t+111»»1111+111111111+111

II
* 1

I* • I* * * I* I* ★ * I* * * * H I
* * * * * I* 2* * * ★ * * * 2*** ** * I** “  5 * * 2* 2 * “ I* ** 2 “  » ** * ■ I*** * * * * * * * * 2* * 2 it I

* ★ 2 * * ** 32 * I* * 2 I* * it I* 2 * it ** I* * ★ I* * I
I
I
I* I
I

h-
5 6.0 6.4 6.8 7.2 7.6 8.0

r v. f using symbol *
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*****155.......................
***** Analysis of variance
Variate: EFWt
source of variation d.f.
reps stratum 
reps.spray stratum

5

spray 3
P501vsH2O 1
Deviations 2

Residual 15
reps.spray.»Units* stratum '
dilut '4
spray.dilut 12
P501vsH2O.dilut 4
Deviations 8

Residual 80
Total 119

s.s.
72.1377

m.s.
14.4275

v.r.
17.10

T pr.

0.8037 0.2679 0.32 0.813
0.0027 0.0027 0.00 0.956
0.8010

12.6543
0.4005
0.8436

0.47
1.14

0.631

0.8645 0.2161 0.29 0.882
4.5455 0.3788 0.51 0.901
2.5557 0.6389 0.86 0.489
1.9898 0.2487 0.34 0.949
59.0980 0.7387

150.1037
Histogram of r

-V . ■- -2.5 1
-2.5 - -2.0 0
-2.0 - -1.5 2
-1.5 - - 1. 0 7
- 1. 0 - -0.5 16
-0.5 - 0. 0 330. 0 - 0.5 34
0.5 - 1. 0 191. 0 - 1.5 4
1.5 - 4

**
*******
****************
*********************************
**********************************
*******************
****
****

Scale: 1 asterisk represents 1 unit.
■ -+■

3.0 I 
I 
I 
I 
I 
X

1.5 I 
I 
I 
I 
I 
I

0.0 I 
X 
I 
I 
I 
I

-1.5 I 
I 
I 
I 
I 
I

-3.0 I -+
2.4

I
I
I
I
I* ' * * I* I* * * I** I* * * 2 ** * * * * I* ' * * * 2 * 3  * X

2** ** * ** * * * * 2 2 * * * I
2 * * ** * ** ** 32 2 2* * * * I* * * * * * * * * *  **2 * I* * * *** * 2 I

2 * * ** * * * I* * ** * I* * * I* * I* X
I
I
X* X
I

l 3.0 3.6 4.2 4.8 5.4 6.0

r v. f using symbol *
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* * * * *
155................. .....***** Analysis of variance
Variate: PDWt
Source of variation d.f. 
reps stratum 5
reps.spray stratum 
spray 3
P501vsH2O 1
Deviations 2

Residual 15
reps.spray.»Units* stratum 
dilut 4
spray.dilut 12
P501vsH2O.dilut 4
Deviations 8

Residual 80
Total 119
Histogram of r

-  - 1.2 1 »
-1.2---- 0.9 4 ****
-0.9 - -0.6 8 ******
-0.6 -- 0.3 12 ******
-0.3 - 0.0 35 ******
0.0 - 0.3 32 ******
0.3 - 0.6 17 ******
0.6 - 0.9 8 ******
0.9 - 1.2 2 **
1.2 -  1 *

scale: 1 asterisk represents 1

s.s. m.s. v.r. F pr.
32.0184 6.4037 25.66
0.5896 0.1965 0.79 0.519
0.0240 0.0240 0.10 0.761
0.5656 0.2828 1.13 0.348
3.7439 0.2496 0.80
0.4000 0.1000 0.32 0.864
2.0367 0.1697 0.54 0.880
0.7427 0.1857 0.59 0.668
1.2940 0.1617 0.52 0.840
24.9993 0.3125
63.7879

* '
*****
****************************
*************************
**********
■* '

unit.

1.6 I 
I 
I 
I 
I 
I

0.8 I 
I 
I 
I 
I 
I

0.0 I 
I 
1 
I 
I 
I

-0.8 I 
I 
I 
1 
I 
I

-1.6 I
4.4

I
I* I
I

* * I
* * I
* * I

** * * 1
• * * I

* * * * * * * * 3 I
2 * ** 2* ** * * I

2 * 2 ** * * ' * * * * 2 I
*** r. * * * * * 2 * *2 *** ** I

* * 2 * * * * * ** * * I
** * * * * ** * 2 *** * I

* * * 2 * I
* > * * I

* * * * I
* * * I

* * * * I* I
I
I

* I
I

l 4.8 5.2 5.6 6.0 6.4 6 .8

r v. f using symbol *
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155...................
***** Analysis of variance
Variate: EDWt

*****

Source of variation d.f.
reps stratum 
reps.spray stratum

5

spray 3
P501vsH2O 1
Deviations 2

Residual 15
reps.spray.‘Units* stratum
dilut 4
spray.dilut 12
P501vsH2O.dilut 4
Deviations 8

Residual 80
Total 119

s.s. m.s. v.r. F pr.
54.2907 10.8581 17.50
0.6073 0.2024 0.33 0.806
0.0060 0.0060 0.01 0.923
0.6013 0.3007 0.48 0.625
9.3047 0.6203 1.12

0.6012 0.1503 0.27 0.895
3.8335 0.3195 0.58 0.853
1.9457 0.4864 0.88 0.479
1.8878 0.2360 0.43 0.901
44.1213 0.5515
112.7587

Histogram of r

- 2 .0
- 1.6
- 1.2- 0.8
-0.40.0
0.40 . 8
1.2

- 2.0 1 *

- 1.6 0-1.2 3 ***
-0.8 7 *******
-0 4 17 *****************
0«0 27 ***************************
0 4  42 ******************************************
0.8 14 **************
1.2 5 *****

4 ****
Scale: 1 asterisk represents 1 unit.

2.4 I 
I 
I 
I 
I 
I

1.2 I 
I 
I 
I 
I 
I

0.0 I
. , . II 

I
I * 
X

-1.2 I 
I 
I 
I 
I 
I

-2.4 I -+- 
2.0

* i* * i
i* * * I* * * 2 i* * ** * * * ** * * i

2 * 2 2*** * i*** t * * ** * * ** 2* * * * i* * * 2 * 2* ** **3 **2 ** * i
* 2 * * * ** * **2 * i* * * * * * i* * * * ** . i
t * ** * * * X* * * * I

I* * * I

— +- 
2.5

— +_ 
3.0

— +- 
3.5

— +- 
4.0

— +_ 
4.5

— +- 
5.0

r v. f using symbol *
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155...............................
***** Analysis of variance *****
V a r i a t e :  PDM%

Source of variation d.f.
reps stratum '5
reps.spray stratum
spray 3
P501VSH20 1
Deviations 2

Residual 15
reps.spray.‘Units* stratum
dilut 4
spray.dilut 12
P501vsH2O.dilut 4
Deviations 8

Residual 80

Total 119

s.s. m.s. v.r. F pr.
182.369 36.474 11.94

32.674 10.891 3.57 0.040*
31.828 31.828 10.42 0.006**
0.846 0.423 0.14 0.872

45.813 3.054 1.34

8.114 2.028 0.89 0.473
34.870 2.906 1.28 0.248
2.898 0.724 0.32 0.865

31.972 3.997 1.76 0.098
181.905 2.274

485.744

Histogram of r
- -3.2 1

-3.2 - -2.4 1
-2.4 - -1 .6 11
-1 .6 - -0 .8 20
-0 .8 -* 0.0 27
0.0 - 0 .8 25
0 .8 - 1 .6 26
1 .6 - 2.4 7
2.4 - 3.2 1
3.2 - 1

*
*
***********
********************
***************************
*************************
**************************
*******
*

*

scale: 1 asterisk represents 1 unit.

-+—

4.0 I 
I 
I 
I 
I 
I

2.0 I 
I 
I 
I 
I 
I

0.0 I * 
I 
I 
I 
I 
I

-2.0 I 
I 
I 
I 
I 
I

-4.0 I
-+—  

' 79.5

•+-------- +-------- +-------- +-------- +------- -+■
I
I* I
I
I* * I* * I* * 2 * * * I* * ** * * * * I* *** * 2 ** ** * * I* * * 2 22 ** * * I** * 2 3 * ** I*** * * * :! 2 I

2 * * 2 ** * * * * I* * * ** * 2 I*2** * * I
2 * *** ** * ** I* * * * * I* * * 2 I** * I

I
I
I

. . • I* I
81.0 82.5 84.0 85.5 87.0 88.5

r v. f using symbol *
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*****

Source of variation 
reps stratum 
reps.spray stratum 
spray

P501v sH2O 
Deviations 

Residualreps.spray.‘Units* sti 
dilut
spray.dilut

P501vsH2O.dilut 
Deviations 

Residual 
Total

155.................. .
***** Analysis of variance
Variate: EDH%

Histogram of r
-- 6.0

-6.0 - -4.5 
-4.5 - -3.0 
-3.0 - -1.5 
-1.5 - 0.0
0.0 - 1.5
1.5 - 3.0
3.0 - 4.5
4.5 - 6.0
6.0  -

i.f. s.s. m.s. v.r. F pr.
5 62.399 12.480 4.59

3 3.284 1.095 0.40 0.753
1 2.904 2.904 1.07 0.318
2 0.380 0.190 0.07 0.933

15
un

40.750 2.717 0.64

4 7.587 1.897 0.45 0.774
12 39.143 3.262 0.77 0.681
4 4.234 1.059 0.25 0.909
8

80
34.908

339.622
4.364
4.245

1.03 0.422

119 492.786

*

****
*********

1 
0 
4 
954 ******************************************************

28
20
3
1
0

****************************
********************
***
*

Scale: 1 asterisk represents 1 unit.

8.0 I 
I 
I 
I 
I 
I
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I 
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I
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I 
I 
I 
I 
I
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I 
I 
I 
I 
I

-8.0 I 
-+- 

81.0
-----+-
82.0

2 2

-----+-
83.0

--- +-
84.0

-----+-
85.0

-----+_
86.0

* . i
i* i* i* * i* * ** * * 2 * i* * 2 ** * ** * * * * i

2 * * 2 * 2 * * * i
2 * ** 3 * 3 2**2 * i*** * * 2  *** * **** 2 * i> * * * * 2  * 2 * ***** * i* 2 * X* * I

I* ★ I
I
I
I
X
I
X

-----+_
87.0

r v. f using symbol *

‘MESSAGE: End of file found on Input Channel 1
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Appendix 36: Spring Wheat 1993 RCB Design of Field Plots

Block

I
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II .
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VI 

VI
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5
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9
10 
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r ----------
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§
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Appendix 37: Potato 1993 Field Plots

Block Plots
I 1 - 4
II 5 - 8
III 9 - 1 2
IV 1 3 -1 6
V 1 7 -2 0
VI 2 1 -2 4

Varieties
PenHand Crown 

Cara

Treatments
A Nil
A+ NPK
B Organic Compost
C BD Compost
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Appendix 39: Potato 1994 Plot Fields
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Appendix 40: Spring Wheat 1995 RCB Design of Filed Plots.
Block
I 
I
I

Main Plot
1 
1
2 
2
33
44
55
6 
6
77
8 
8
99
10 
10
11 
11
12 
12
1313
1414
1515
16 16
17
17
18 18
19
19
20 
20
21 21
22 
22
2323
24 24

Split Plot
1
2
34
5
6
7
8
9
10
11
12
1314
1516
1718
19
20

21 
22
2324
2526
27
28
2930
3132
3334
35
36
37
38
39
40
4142
4344
4546
4748

Variety Canon. 4 systems. 6 blocks & 2 sprays.
m'";;"1,;1."...

F e rtilize r A >  (N itm m) S pray C

•ompost B {Organic) S prey  C

12 m
T Area 1152 m*



Appendix 41: Potato 1995 Field Plots

Block Plots
I 1 - 4
II 5 - 8
III 9 -  12
IV 1 3 -1 6
V 1 7 -2 0
VI 2 1 -2 4

1.8 m
—  44.7 m

Treatments
A Nil
A+ NPK
B Organic Compost
C BD Compost

Extra Extra

<------7.5 m — >
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Air and Soil at a 10 cm depth

Appendix 42: Daily Temperatures in Wye 1993-1995:
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Appendix 43: Daily Rainfall (mm) in Wye 1993-1995
Measured between 9 AM and 9 AM of the following day
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