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Abstract

In the past few years, wines produced applying the biodynamic system have 

received increasing attention. This system, like organic farming, eliminates the 

use of synthetic chemical fertilizers and pesticides, and replaces these traditional 

treatments with soil and plant amendments called preparations (500 applied on 

soil and 501 atomized on plants).

In this thesis we shall analyze whether biodynamic preparations 500 and 501 

actually augment the health of soil and plants and the quanta-quality of grapes 

and wine. Presently, the effects of biodynamic treatments in general and on wine 

making are still unclear. In 2006, FIBL (Forschungsinstitut für biologischen Land-

bau) with other partners carried out a 6-year study in four biodynamic farms 

located in two different regions of Switzerland (three grown with cv. Chasselas 

and one grown with cv. Riesling & Silvaner).

The experimental design provided for: 1 plot treated with a 500 preparation, 1 

plot treated with a 501 preparation, 1 plot treated with a combination of 500 and 

501 (Combi), 1 plot, the control plot, no treatment and exclusively organically 

farmed.

The object of monitoring was the chemical analysis of the soil, the analysis of the 

structure of aggregates in the soil, and the microbial activity. For the plant part 

the nutrients in leaf tissue, chlorophyll-index, phyto-alexine, disease pressure, 

and the weight and length of the shoots.

No differences were noticed in the chemical composition, but over the six-year 

period the humus percentage was reduced in the biodynamic plots (contrarily 

to literature), however to this respect there is thesis arguing that this fact may 

be due to an insufficient supply of manure. In fact in Elfingen the elements K, P 

increased and presented a higher increase in humus compared to the other sites. 

Statistical differences were noticed in higher structure of the aggregates in the 

Combi soil than Control, Elfingen evidenced the highest improvement. This date 

is relative to the measurements carried out in 2009, but was not confirmed in 
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2011.

As for the microbial activity, the microbial analysis show differences only in 

depth and position in the row, only in Elfingen there was an improvement in mi-

crobial activity. In order to gather a better view and avoid environmental inter-

ferences, each site was individually studied.

Significant results were obtained in the SPAD values and wood weight for the 

plants treated with 501, in order to gather a better view each site was individu-

ally studied and the univariate ANOVA test evidenced an interaction 500x501.

No differences were observed in the nutrient analyses carried out on the leaves, 

except for Mn, Mg and K.

Disease incidents and severity show no statistical differences except for an statis-

tically interesting high presence of phyto-alexine in the leaves of plants treated 

with 501. Remarkable but not statistically significant the treatment with 500; the 

combination of the two treatments yields a higher effect in the plant’s immune 

system.

No statistical differences were observed in the grape harvest yield, in the quali-

ty of  the must.

Wines for the period 2008-2010 were subjected to standard analysis evidenced 

no differences except for nearly significant lactic acid, which was higher in 

Combi plot wines, while malic acid was lower in Combi wines.

Wine sensorial analysis were done with a triangle test and show no differences 

except for Chasselas 2009.

The organoleptic sensorial blind tests evidence results only in the criteria miner-

ality nose.
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Abstract

Negli ultimi anni, i vini prodotti applicando il sistema biodinamico hanno rice-

vuto crescente attenzione. Questo sistema, come del resto l’agricoltura biologica, 

elimina l’uso di fertilizzanti chimici di sintesi e pesticidi, e sostituisce i tratta-

menti tradizionali con ammendanti per terra e piante chiamati preparazioni (500 

applicato sul suolo e 501 nebulizzato sulle piante).

In questa tesi analizzeremo se i preparati biodinamici 500 e 501 effettivamente 

aumentano la salute del suolo e delle piante e la quanti-qualità dell’uva e del 

vino. Attualmente, gli effetti dei trattamenti biodinamici in generale e sulla pro-

duzione del vino sono ancora poco chiari. Nel 2006, FIBL (Forschungsinstitut für 

biologischen Landbau) con altri partner hanno condotto uno studio della du-

rata di 6 anni in quattro aziende biodinamici situate in due diverse regioni della 

Svizzera (tre in cui è coltivato il cultivar Chasselas e uno coltivato con il cultivar 

Riesling e Silvaner).

Il disegno sperimentale prevedeva: 1 terreno trattato con un preparato 500, 1 

terreno trattato con un preparato 501, 1 terreno trattato con una combinazione di 

500 e 501 (Combi) , 1 terreno di controllo con nessun trattamento ed esclusiva-

mente lavorato con agricoltura biologica.

L’oggetto di monitoraggio è stata l’analisi chimica del suolo, l’analisi della 

struttura degli aggregati nel suolo, e l’attività microbica. Per la componente pi-

anta i nutrienti nel tessuto della foglia, l’indice di clorofilla, fitoalessine, la pres-

sione provocata dalle malattie, e il peso e la lunghezza dei germogli. 

Nessuna differenza è stata notata nella composizione chimica, ma nel corso 

del periodo di sei anni la percentuale di humus è stata ridotta nei terreni biodi-

namici (contrariamente alla letteratura), ma a questo proposito esiste una tesi che 

sostiene che questo fatto può essere dovuto ad un insufficiente apporto di letame. 

Infatti a Elfingen gli elementi K, P sono aumentati ed hanno presentando un 

incremento maggiore di humus rispetto agli altri siti. Differenze statistiche sono 
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state rilevate nella maggiore struttura degli aggregati nel terreno Combi rispetto 

a quello di Controllo, Elfingen ha evidenziato il maggiore miglioramento. Questi 

dati sono relativi alle rilevazioni effettuate nel 2009, ma non sono state confer-

mate nel 2011.

Per quanto riguarda l’attività microbica, le analisi microbiche mostrano differ-

enze solo in profondità e posizione nella fila, solo in Elfingen c’è stato un miglio-

ramento dell’attività microbica. Al fine di avere una visione migliore dei dati ed 

evitare interferenze ambientali, ogni sito è stata studiato singolarmente.

Risultati significativi sono stati ottenuti nei valori del peso del legno e SPAD 

per le piante trattate con 501, al fine di avere una visione migliore ogni sito è 

stato studiato individualmente e il test ANOVA ha evidenziato una interazione 

500x501.

Non sono state osservate differenze nelle analisi delle sostanze nutritive effettu-

ate sulle foglie, ad eccezione di Mn, Mg e K.

Eventi di malattia e la gravità degli stessi non mostrano differenze statisticamente 

significative ad eccezione di una elevata presenza statisticamente interessante di 

fitoalessine nelle foglie delle piante trattate con 501. Notevole ma non statistica-

mente significativo il trattamento con 500; la combinazione dei due trattamenti 

produce un effetto superiore nel sistema immunitario della pianta.

Nessuna differenza statistica è stata osservata nel rendimento della vendemmia, 

nella qualità del mosto .

I vini per il periodo 2008-2010 sono stati sottoposti ad analisi standard non hanno 

evidenziato nessuna differenza tranne che per un quasi significativo acido lattico, 

che era maggiore nei vini dei terreni Combi, mentre l’acido malico è stato inferi-

ore nei vini dei terreni Combi.

Le analisi sensoriali dei vini sono state fatte con un test triangolare e non mostra-

no differenze fatta eccezione del Chasselas 2009. Il test sensoriale organolettico a 

cieco mostrano evidenza solo nel criterio della mineralità nel naso. 
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General Introduction

We need a different approach and method in agriculture; otherwise, our soils will 

slowly deteriorate. In the alternative agriculture movements, biodynamic meth-

ods respond to concerns from farmers about the health of their farms (Steiner 

1923), deterring the use of synthetic chemical fertilizers and pesticides. biody-

namic is an agronomic approach that emphasizes soil building and high diversity 

of crops, animals, and wildlife habitat (Koepf et al. 1990), and attempts to create a 

closed cycle farm where the outputs are minimized. In addition to the soil, biody-

namic practices use fermented manure, specific compost, crops, plant matter, and 

natural pest control. The character of the eight preparations is designated by their 

ingredients and soil nutrient cycling are supposed to promote photosynthesis 

and a sustainable complex soil-humus (Koepf et al. 1990).

Scientific evidence for environmental benefits of organic and biodynamic farming 

has been given in many studies, but the nutritional and sensory qualities have 

not often been proven in contrast to conventional produce (Christine M Arncken 

et al. 2012). Organic and biodynamic farming practices are increasingly used 

worldwide. Further research could support this trend. 

In the European wine sector, more than 231.412 hectares of vines are grown or-

ganically as of 2010. This represents 5.6 % of total vineyard area (Schweizerische 

Weinzeitung sept.2013). In Switzerland, the Demeter-certified agricultural area 

represented 0.39% of the utilized agricultural area (UAA). At the beginning of 

2013, there were 30 winemakers, 125ha in total, which represents about 0.56% of 

all farms with vineyards; but, the number of organic and biodynamic vineyards 

increases every year.

Growth in biodynamic viticulture has been particularly rapid in France, with 

1000ha of wine grapes cultivated biodynamically in 1993, and 15,000ha in 1998 

(Meunier 2001). Research on the preparations suggests that they may benefit soil 

quality and crop quality (Koepf 1993, Reganold 1995); however, the results are 
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mixed. 

The study “DOK 21 years comparing system” (Mader et al, 2002) shows a change 

in the structure of the soil, and higher microbial activity and numbers of earth-

worms. The total mass of microorganisms in the organic system of the DOK-trial 

was 20%-40% higher than in the conventional system with manure, and 60%-85% 

higher than in the conventional system without manure. The study by Reganold 

et al. in 1990 confirms this hypothesis; however, the soil nutrient analyses were 

varied. 

In New Zealand, the biodynamically-farmed soils had better structure and tilth, 

which allowed the development of a seedbed more so than conventionally-

farmed soils (Reganold et al., 1993). In general, biodynamically-farmed soils 

show a higher biological and physical quality as well as significantly greater 

organic matter content and microbial activity (Reganold et al., 1993). On the same 

note, studies by Petterson in Sweden and Penfold in Australia compared plots 

receiving biodynamic sprays with control plots with inconclusive results.

Whether these preparations actually augment soil or crop quality is unclear 

and controversial (Koepf, 1993; Reganold, 1995; Bourgignon & Gabucci, 2000; 

Carpenter-Boggs et al., 2000; Mäder et al., 2002; Reeve et al., 2005), but it’s proven 

that organically treated soils supply a privileged habitat for microorganisms and 

paedo fauna. As the soil’s microecosystem is a key criterion for the fertility of the 

soil functions and providing for a better plant growth.

Organic agriculture involves targeted humus management. The addition and 

natural accumulation of organic material should at least replace the humus lost 

through decomposition. This objective is achieved through the cultivation of 

grass leys and suitable green manure crops, by limiting the proportion of root 

crops in the rotation and by incorporating organic matter. (Std BIOSUISSE 2013) 

The evidence indicates that an alliance of these systems is crucial for achieving a 

sustainable agriculture.
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Are grapes the ideal crop for studying the differences in soil and fruit quality 

arising from different types of agricultural management? 

The abuse of chemicals in modern viticulture and the need expressed by many 

operators worried by the deterioration of soils, and the ensuing search of alterna-

tive routes, has increased the corpus of data available, offering an important op-

portunity to effectively study on the field the application of different agricultural 

management systems.

Active cooperation with the viticulture and oenology markets is a further op-

portunity to carry out more in depth studies of Biodynamics, a better knowledge 

of which can play a significant role in the development of a different approach 

providing the necessary answers and solutions to soil deterioration on one hand, 

while on the other improving the quality/cost ratio.

Goal of the 6-year study:

The goal of the 6-year study which was requested by farmers, and consequently 

of this thesis was to analyse the effect of the most important biodynamic prepara-

tions 500, 501, and Combi (500+501) on: quality of soil, plant physiology, grapes, 

and wine quality.

However, it is important to keep in mind that these are only 2 of 8 biodynamic 

preparations and techniques commonly adopted in biodynamic farming.

The study is the fruit of the cooperation between biodynamic farmers, the Re-

search Institute for organic Agriculture (FIBL, Frick CH), Demeter (BD Label), 

and several private foundations.
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2  Material and Methods

2.1 Research site

Between 2006 and 2011, a field trial on the use of biodynamic preparation was 

carried out in three different areas of the Swiss-French region (Hauterive, Auver-

nier, Echandens) and one in the German region (Elfingen) (Fig. 1). During the pe-

riod spanning between 2006 and 2008, the biodynamic preparations were applied 

in these areas, however data collection did not begin until 2008. 

The different sites for the trials were chosen in order to achieve a greater strength 

in the research conclusions, as these vineyards differed in many aspects: climatic 

conditions, soil properties, grapevine cultivars, etc., as well as in the viticulture 

practices used by each estate, however this choice caused a higher degree of dif-

Figure 1: Location of tests areas and arrangement of the experimental  plots. 1: 
Elfingen, Häfliger, 2: Hauterive, Rossel, 3: Auvernier, Henrioud, 4: Echandens, 
Barilier.
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ficulties in the processing of the data. 

The cultivar were arranged as follows: Auvernier (Neuchatel) alt 455m, 3.0 ha 

yard (Vitis vinifera L. cv Chasselas, grafted onto 5BB rootstock). Hauterive (Neu-

chatel) parcel “Wolf haut” alt 480m, (Vitis vinifera L. cv Chasselas, grafted onto 

3309C rootstock). Echandens (Waadt) parcel “le Chapitre” alt 432m (Vitis vinifera 

L. cv Chasselas, grafted onto 5BB rootstock). Elfingen (Aargau) parcel “Ruegget” 

alt 513m (Vitis vinifera L. cv Riesling x Silvaner, grafted onto 5BB rootstock).

 2.2 Meteorological Parameters

Precipitation (mm) and temperature (°C) were measured by a weather station 

(Lufft) located near the experimental vineyards. The transmission of values 

through GSM was performed twice a day, and could be accessed by the Agrome-

teo webpage (http://www.agrometeo.ch/it/meteorology/datas). The weather 

conditions are reported in table 1 and displayed on graphs 1 and 2. 

Water stress at the beginning of the year and early flowering. Cold July but hot 

period in August-September.
 
Year Elf

 
 Auv-Haut
 

Ech Notes

Temp. 
(°C)

Precip. 
(mm)

Temp 
(°C)

Precip 
(mm)

Temp. 
(°C)

Precip.
(mm) 

 

2008 10.1 1358.8 10.4 1033.4 - - Alternance wet and 
very hot with storms, 
dry at harvest.

2009 10.3 1357.9 10.9 1014.2 12.7  874 Hot and early year, 
(beginning of buds) 
precocity harvest  

2010 9.3 1247.2 9.8 884.8 10.4 918 Frost in the winter and 
dry spring followed by 
a hot summer, season 
on the average.

2011 10.9 809.4 11.4 880.8 11.9 870.2 Water stress at the be-
ginning of the year and 
early flowering. Cold 
July but hot period in 
August-September.

Table 1: Average temperature 2009-2013 in ºC and precipitation 2009-2013 in mm for the four sites 
(No data is available for site Ech in 2008).
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2.3 Experimental Design

The experimental treatments consisted of 500 alone, 501 alone, the combination 

of both, and a control plot where no biodynamic preparations were applied. All 

management practices were the same in all sub-plots of each site, except for the 

addition of the preparations to the organic treatments. The exact same 500 and 

501 preparations were used in all experimental sites, but their distribution was 

carried out by each estate. 

Figure 2: Temperature (°C )  trend  2008  - 2011 for the four sites (No data for site Ech in 
2008)

Figure 3:Precipitation 2009-2013 in mm for the four sites ( no data for Ech 2008)
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The application calendar for the biodynamic preparations can be found in Table 3. 

Each treatment was replicated three times in a randomized block design.

All the plot areas were certified biodynamic before the study was initiated:

Elf was certified biodynamic in 2003, Ech was certified in 2000, Haut in 2002, and 

Auv in 2002. Each plot consisted of 5 rows treated with 500, 5 rows treated with 

501(only Auv missing), 5 rows treated Combi, 5 rows treated Control (Figure 2). 

All vineyards in the examined sites are from 30 to 50 years old. Ech, Auv, and 

Elf used the Guyot training system, and Haut adopted the Cordon system. The 

vineyards were planted in a low density (6000 p/He) at Hau, Auv and Elf, and 

Ech planted with a higher density of 7000 p/he. 

None of the four sites used irrigation and no manure was added for the whole 

trial period in Ech and Auv. In Haut manure was added during 2011, instead 3 t/

He biodynamic compost was added. In 2012 in Elf each vine received an organic 

fertilizer, Biosol (N), in the amount of 50 Kg N total hectare and 7 Kg P hectare. 

Still in Elf, in the spring of 2013, a mushroom compost was added. The Con-

trol plot was designed for biological farming, but it did not provide for organic 

Figure 4:Experimental design.
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manure additional treatments. The biodynamic preparations were prepared and 

delivered by Pierre Masson (www.biodynamie-services.fr) and applied to spe-

cific rows. The standard treatments for the four locations were the distribution of 

120 gr/ha in April and June, and 4 gr/ha of horn silica in June. Details are shown 
in Table 2.

  
         
         
         
         
         
         
         

Table 2: Day and month of treatment with preparation 500 and 501 in 2008-2009-2010

2.4 Biodynamic Preparations

There are eight preparations (Table 3); two of them are stirred in water follow-

ing a special protocol and sprayed on plants and soil, the other six preparations 

are added to farmyard manure and all other organic materials produced on the 

farm. Modifications of this specific procedure have been developed, but in prac-

tice they are far less widespread than the original one, however in Elf the farmer 

adopted one of these (500P).

Spray preparations applied to soil and crops:
500  Horn manure
501 Horn silica
Compost preparations used for preparing compost
502 Yarrow blossoms (from Achillea millefolium)
503 Chamomile blossoms (from Matricaria chamomilla)
504 Stinging nettle (stalk from Urtica dioica)
505 Oak bark (Quercus robur)
506 Dantelion flowers (Taraxacum officinale)
507 Valerian (juice of flowers of Valeriana officinalis)

Table 3: Biodynamic spray preparations (500 - 501) and compost preparations ( 502 to 508).

In this study we consider the effect of the spray preparation alone for stimulating 

the fertility of the soil and general plant wellness. 

  April May June July Aug. Sept. Oct. Nov.
 2008 500P(30th)  501(10th) 501(21st) 501(7th) 
Elf 2009 500P (16th&25th) 501(10th)501(26th) 501(17th)500P(29th) 
 2010 500(14th)  501(15th)501(30th)  
 2008 500(22th) 501(20th)    500(12th)
Auv 2009 500(20th)501(22nd)    500(14th)
 2010 500(20th) 501(22nd)   500(14th) 
 2008  500(13th) 501(10th) 501(11th) 501(31st) 
Haut 2009  500(4th) 501(4th)  501(14th) 
 2010  500(4th) 501(18th)500(6th)  501(28th) 
 2008  500(13th) 501(10th)   500 (3rd)
Ech 2009  500(4th)-   501(22nd) 
   501(13th)    
 2010      
   500(4th) 501(9th)   
   500(19th)    
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500: (horn-manure) a humus mixture prepared by filling the horn of a cow with 

cow manure and burying it in the ground (40–60 cm below the surface) in the au-

tumn. The number of treatments is depending on the area; but usually 2-3 times 

per year. During spring (end of March beginning of May) and autumn (from 15th 

August to beginning November) before soil became too cold. The application of 

the horn-manure should be in the late afternoon with no rainy weather condition 

and not too hot (Masson 2011).

501: (horn silica) crushed powdered quartz prepared by stuffing it into a horn of 

a cow and buried into the ground in spring and taken out in autumn. The treat-

ment consists in a mixture of 1 tablespoon of quartz powder to 250 litres of wa-

ter. The mixture is sprayed under very low pressure over the crop during the wet 

season, in an attempt to prevent fungal diseases and better perception of light for 

photosynthesis. It should be sprayed on an overcast day or early in the morning 

to prevent the burning of the leaves.

In the biodynamic eco-system farming the use of all eight treatments is impor-

tant, for a better performance of the 500 and 501 treatments object of this study. 

2.4.1 Dynamisation

100 gr./He of 500 are released a tank with 40-60 litres of water 

(preferably rain water) at 37 °C, while 501 about one teaspoon (4 

gr./He) this solution is dynamised for an hour, by hand, or with 

an electric device starting a vortex in alternate directions.

The vortex created by stirring in one direction is created very 

fast and immediately broken stirring the fluid in the contrary 

direction. An explanation for this procedure (500) is that the 

creation of a vortex (oxygenation of the water) at this tempera-

ture increases the number of microorganisms in the solution. 

Figure 5:The brew-
ing process: forming 
a vortex just before 
reversing the direc-
tion of rotation, 
start brewing in the 
opposite direction, 
chaos, forming a 
new funnel.
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2.5 Soil 

2.5.  Soil description 

The soil in Haut is a carbonated soil with a 

rocky surface on glacial sand bed with a strong 

encrusting trend. Auv shows a heavy deep 

soil, free of stones, where roots reach deep into 

the ground. Ech has calcareous soil with an 

average texture on moraine-molasses compact 

soil bed of 55 cm with presence of calcareous 

accumulation (Letessier 2001). For FAO (World 

reference base) classification these three sites 

are Be (Eutric Cambisol) In Elf, the soil has a lot 

of clay and calcium, compacted and with a high 

pH.(Vertic Cambisol).

Figure 6: FAO classification soil: 
Cambisol.

2.5.2 Standard soil chemical analyses 

In June 2008 and at the end of the experiment in 2013, soil at 0 to 25 cm from both 

near the vines and between the rows samples from all four plots taken, were 

analyzed for the presence of mineral nutrients. The soil samples from each of the 

plots, 7(from the strip) + 7(from the middle) where united into a single sample of 

soil to be analysed. The samples were sieved at FiBL and pre-dried at 105 °C, af-

ter that they were sent to a specialized laboratory for analysis (Schweizer, Thun). 

The nutrient contents were measured with a solution volume 1: 10 of NH4 ace-

tate extract for the “reserve” content (marked for eg. P) and H2O extract (marked 

for eg. Pw) for content easily available to plants.

The method AAE10 ex-lbu corresponds to the reference method AAE10 research 
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institutions Agroscope. (J.-L. Spring et al. 2003) the results are expressed in mg/

kg dry matter.

The weight fractions of clay and the silt size fractions of a soil sample aliquot are 

determined using samples from sedimentation in aqueous suspension. (Données 

de base pour la fumure en viticulture, J. Spring et al. 2003)

2.5.2.  Organic Carbon and Humus 

The organic carbon in the soil (Corg) is determined by a potassium-sulphuric 

acid extraction according to the formula:

2 Cr (VI) 2O7 2- + 16 H+ + 3 C(0) = 4 Cr3+ + 8 H2O + 3 CO2 (Sims and Wolf 1995)

Humus is the total dead organic matter of a soil. The standard conversion factor 

from tot Corg to humus is 1.725 (Sims and Wolf 1995). 

2.5.3 Soil microbial activity

In 2009 at FiBL the microbial biomass and their activity was monitored. Like 

Vance (1987) and Brookes (1985) the chloroform fumigations-extractions method 

was employed to analyze soil samples from all the farms and trial plots. Chloro-

form fumigation-extraction was done on 20 g (dry matter) subsamples that were 

extracted with 80 ml of a 0.5-M K2SO4 solution. The filtered extracts were ana-

Figure 7: Viticulture Soil values (Données de base pour la fumure en viticulture)
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lyzed for soluble C and N in a TOC-TNb analyzer.

Soil Cmic and Nmic were determined according to the following formulas:

Cmic=EC/kEC

Where EC=(TOC in fumigated samples-TOC in unfumigated control samples) 

and kEC=0.45 (Joergensen 1996).

Nmic =EN/kEN

Where EN=(Nt in fumigated samples- Nt in non fumigated control samples) and 

kEC=0.54 (Joergensen and Mueller 1996)

results are expressed in mg/Cmic/kg dry matter and mg/Nmic/kg dry matter 

and the ratio Cmic/Nmic.

2.5.4 Aggregate size distribution and quality 

Aggregate size distribution and quality was done in 2009 and 2011. For the soil 

evaluation, the semi-quantitative method of Agroscope, or FAL (Nievergelt et al 

2002) was used. The visual evaluation of soil structure starts with a falling test 

carried out with a soil sample. This falling test from 1m allows for breaking up 

the whole compact soil structure in single structural units. Afterwards the struc-

tural units are separated in size classes (10cm, 5 cm,2 cm, 1 cm, 0.5 cm, 2mm and 

0.2 mm) using a battery of sieves, and the resulting size-fractions are weighed. In 

these size-fractions the occurring structural unit types are characterized by their 

geometrical form (contour, length of axes, angles and edges) and their surface 

qualities (roughness and visible pores). In addition the resistance of the structural 

unit types against mechanical stresses is tested and the fraction of the smallest 

structural units elements (< 0. 2mm) determined.

1- Taking sample and identification and separation of layers
2- Drop test (for observation cohesion of the structure on)
3- Sieving (identification the categories of sizes)
4- Weighing (pondered part)
5- Identification (type of structural units )
6- Test pressure between two fingers (cohesion of structural units)
7- Structural units notes and corrections (quality of the structure by size category)
8- Numerical evaluation of the structure (quality of the layer structure)
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The earth per fraction is removed, weighed and the % share is calculated on the 

total weight; then the units are described (e.g. crumbs, friability, polyhedra) and 

counted.

The results of this procedure are evaluated using a point system which is partly 

quantitative and partly semi-quantitative; the structure of every analysed soil 

layer is numerically expressed by weighted average of points. 

From visual analyses it was possible to recognize some difference in the structure 

between the plots. For this reason it was decided to adopt this method of evalua-

tion. 

2.6 Plant analysis

2.6.1 Nutrients concentration and chlorophyll index of leaves

In June, July and August 2009-2010, 25 

leaves per plot (1 per plant) samples 

were collected in each plot from the fruit 

cane area region for the analysis of the 

nutriment concentration. In addition 

from the same leaves the chlorophyll 

index was measured with a hand-hold 

device “SPAD chlorophyll index” 502 

Plus, Konika Minolta (Japan). At FiBL, 

the leaves were washed with citric acid 

20gr X 5L 0.004 M and cleaned in distillate water, then dried at 65 °C for 12 h and 

at 105 °C for other 12 hours and sent to a specialized laboratory (Zeeuws-vlaan-

deren, Netherland) for analysis, where their contents of N, P, K, Ca, Mg, Mn, 

Figure 8: According to FAL-method fractionating a spade trial by seven aggregate large classes

Figure 9:Washing leaves in distilled water with 4 
g/L citric acid then dried and sent to the special 
laboratory.
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Cu, Fe, B were determined by 

spectroscopic techniques.

2.6.2 Plant growth

In 2009 and 2010, plant 

growth was measured on 

all sites and plots by tak-

ing the weight (kg m 2-1) of 

the shoots pruned in winter 

(wood weight), and in 2008 

the length (cm) was measured 

as well.

Figure 10: Measuring with hand-hold device “SPAD chlo-
rophyll index” 502 Plus, Konika Minolta (Japan) always in 
the same area of the leaf.

Treatment period
(according to Baggiolini and
decimal code BBCH)

Disease / Pest Products (dosage in kg / ha)

In cotton bud (B, 01) until
green tip )
Green tip

Erinose,
Acariose
Excorios

Sulfur (10–15)

Sulfur (16)

Leaves come out

leaves unfolded

Vers de la grappe

Oidium, Excoriose
Rougeot
Oidium

Confusions techniques

Sulfur (5) *
Myco-San (4–16)
+ event. sulfur* (1–2)

Separate cluster Mildew and Oidium, Rougeot Myco-San (5–9) + event. sulfur*
(1–2) or
Myco-Sin (4–7) + sulfur (3–4)

Flower Buds Mildew and Oidium, Rougeot Myco-San (6–10) + event. sulfur*
(1–2) or
Myco-Sin (5–8) + sulfur (3–5) or
copper (0.4–0.6) + sulfur (3–5)

Nouaison Mildew and Oidium, Rougeot Copper (0.6–0.8) + sulfur (3–5) or
Myco-san (7–10) + event. sulfur*
(1–2) or
Myco-Sin (6–8) + sulfur (3–5)

Setting to closed cluster Mildew and Oidium

2. generation cluster

Myco-San (7–10) + event. sulfur*
(1–2) or
Myco-Sin (6–8) + sulfur (3–5)
Bacillus thuringiensis + sugar (10–15)

Closed early cluster Mildew and Oidium

2.generation cluster

Copper (0.6–0.8) + Pandorra (5) or
Bio-Blatt (2.5) or sulfur (2–4)
Myco-San (7–10) or Myco-Sin (6–8) +
sulfur (2–3)
Bacillus thuringiensis + sugar (15)

Closed cluster Véraison Mildew et Oidium

Dessèchement de la rafle**

Copper (0.6–0.8) + event. Pandorra (5)
ou Bio Blatt (2.5) ou sulfur (2–3)
Myco-sin (6–8) + sulfur (0–3) ou
Myco-san (7–10)
Magnesium sulphate ** (at 10%
and 50% of the ripening: 18-20 kg
per ha)

Table 4:Treatment protocol for disease management in organic viticulture edited by FiBL for or-
ganic farmers.

2.7 Disease management

Summary of periods of treatment 

and type of product employed for the control of the main diseases and pests. 
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Apr May June July August

1.2 1.2 1.2 7 8 8 8
8
3 3 3

4 4 5 5 1 1 .
3 3 2

3

200
3 3 3 3 4 4

8

Elf 200

9

8
8
3
3

1.5 1.3
3 3

3

1.33 1.33 1.33 1.335 5 5 5 5
3 7

3
3

3 3 3 1.331.2
3 3 1.5

1.2 4 7 7 1.3
2 3 3 3

3

1.33 1.33 1.33
1.33
3
3

1.33 1.33
3 2

4
201

3 3 34
0

0.5 0.35
30*
30*

0.35 0.35 0.35
200

5 5 55
8

0.35 0.2 0.2
5
5

0.2Auv 200

9
4 5

0.35
4

0.2
5

0.
2
0.
2
5

201

0

0.3 0.6 0.8 1.3 1.3 0.7
0.7
5

1.31 1.1 1.5 1.1
200

3 3 3 4 5 5 5 5 5
8

0.3 0.6 0.8 1.3 1.2 0.76
0.76
7
5

Hau
t

1 1.1 1.5 1.1 1
200

2 2 3 4 4 5 5 5 5 5
9

0.3 0.6 1.2 1.8 1.8 1.8 1.61 1
1
4
4

201
2 2 2 3 3 4 4 4

0

0.1 0.1
2 5

2.5

0.2 0.2 0.3 0.3 0.3 0.3 0.3
0.3
5
5

0.30.30.3
200

3 4 4 5 5 5 5 5 4
8

0.2 0.4 0.4
0.9

1.2 1.2 1.3 1.3 1.3 1.3
1.3
5 4

1.3 1.31.1Ech
2 2 5 24 5 5 5 5 5

2009 2.5
3.5

0.2 0.3
3
1.4
0

0.5
3
1.4
0

0.6 0.6
1 . 6 6

2

0.7
3
2

1.25 1.5 1.5 1 1
3.3
2.7

1
201

3 2.7 2.71 4 5
0

Table 5: Period of treatment of fungicides express in kg/he specially: Hydroxide Copper (Kocide 
Opti 30%), bordelaise mixture (20%), Sulfur (80% S) and clay-aluminum Myco-sin (65% S) from 
2008-2010 for all sites.

Legend
C: Copper kg/ha S: Sulfur Wet sulfur kg/he S* Powder sulfur kg/he Clay-aluminum Sulfur Borde-
laise mixture
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2.7.1 Disease incidence and severity

In August and September 2008-2011 directly in the field, for each site and plot 

were observed 140 leaves per plant on 10 plants for a total of 1400 leaves, to see 

the incidence (proportion of leaves with symptoms) and the severity (proportion 

of diseased leaf area) and level of the Downy Mildew (Plasmopara viticola) and 

Oidium (Oidium tuckeri).

The number of leaves in each plot affected with the disease was recorded, and 

the percentage of incidence was calculated (dividing number of leaves affected 

by total number of leaves, and multiplying by 100), the severity level was ob-

served according to the guideline used in FiBL laboratory in figure 10 (average of 

values from all leaves), and then the total severity was calculated by multiplying 

the percentage incidence by the severity level and then dividing the result by 100.

Figure 11: Guideline to evaluate disease pressure
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2.7.2 Concentration of phytoalexins in leaves 

The phytoalexins of vine leaves are indicators of the immunosystem and wellness 

of the plant. Phytoalexins (gr:phyto=:plant, alexins = to ward off) are low molec-

ular weight antimicrobial chemical compounds that are immediately produced 

by the plant after being infected by microorganisms (such as bacteria or fungi), 

they act as toxins to the attacking organisms. In this study final analysis indicated 

as SumPhyto represents the sum of the main molecular components: stilbene, 

delta vyniferin and gamma vyniferin, resveratrol (stilbenoid, a type of natural 

phenol, and a phytoalexin produced naturally by several plants), piceide and 

phytoalexins. (R. Pezet et K. Gindro 2003). 

For the analysis, in the Combi and Control plots, twenty leaves where collected 

per plant fruit cane area and then sent to the University of Neuchatel for process-

ing at the ACW Changins-Nyon lab care of K. Gindor. 

For the synthetic extraction of the phytoalexins separation was performed ac-

cording to (R. Pezet et al 10) on a Dionex HPLC quaternary. The separation col-

umn was a column: Merck LiChrospher RP18 5 microns. The leaf fragments (max 

8 mg) were placed in 50 microlitres of methanol and incubated for 10 min at 60 ° 

C under agitation. The supernatant used was directly injected, and as separation 

conditions Solvent A: H2O / Solvent B: acetonitrile were employed.

2.8 Grapes & Wine

2.8.1 Yield

In 2009 and 2010 at harvest, the weight in kg/vine for the Combi and Control 

plots were measured in each site.

2.8.2 Must analyses

In 2008-2010 the grapes for all four sites from batches Combi and Control were 

processed in a cluster pressing. A pneumatic press Sutter EPC -12, with a basket 

volume of 1200 L was used for processing the grapes. The juice was then fer-

mented in a 25 L glass container.
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From the test locations two variations were vinified in two replications based on 

the log of the previous years with the addition of the yeast strain ‘ Wädenswil W 

- 15’.

In 2008-2010 in the FiBL cellar the must analyses carried out with the standard 

method were: density / degree Oechsle (refract metric method), pH (pH-meter) 

and total acidity (neutralization with soda solution). 

2.8.3 Wine analytic analyses

In 2008-2010 analytic analyses were performed for the wine from the Combi 

and Control plots by ACW, Changins Wadenswill Labor. Here were measured: 

alcohol [%vol.], density / degree Oechsle, fructose, glucose, total acidity, acetic 

acid, pH, glycerol, sucrose, lactic acid, volatile acidity, malic acid, tartaric acid all 

expressed in g/l.

2.8.4 Triangle test: Recognizing biodynamic wine 

In March, 8th and 11th 2010 and May 2011 two triangle test the (sensorial testing) 

were carried out at the High school of Oenology in Changins by a panel of wine 

experts and students. 

2.8.5 Sensorial test 

In 2011 at FiBL several organoleptic tests were conducted separately with thirty-

nine oenologists using 9 criteria: (Nose: fruity, green notes, minerality. Mouth: 

acid, green notes, fruitiness, body, texture, overall impression (general harmo-

ny)). Wines were evaluated and the rating written as a line in a 0-100 scale.
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2.9 Statistical analysis

The data obtained in the field trials were analysed with ANOVA procedures us-

ing the software IBM SPSS Statistics (Statistical Package for the Social Sciences)”. 

Where complete data sets were available from all sites and plots, a factorial 

model was used including site (AUV, ECH, ELF, HAU), biodynamic-preparation 

500 (yes/no), biodynamic-preparation 501 (yes/no), and interactions 500*501, 

Site*500, Site*501. Case-wise (e.g. when we had data only from the Control and 

Combi plots, as e.g. with micro-vinified wines), we applied a simple model using 

site and treatment as the analysis of interactions is not possible in this case.

For the single sites  analyses (Cmic, SPAD, wood weight, N, P) were carried out 

without considering the site Auv as this site had no 501 plots. 

2.10 Holistic methods 

These holistic methods would reveal information on the quality of the sample, 

and more specifically on its sanitary conditions, vitality, energy or degree of 

organization, among others. Given the influence that biodynamic agriculture is 

claimed to have on the quality of food, these analysis techniques could be more 

appropriate than conventional analysis for detecting the influence of biodynamic 

preparations.

2.10.1 Sensitive crystallization

Pfeiffer et Sabarth (1924) used a horizontal glass plate on which they crystallized 

a cupric chloride solution under temperature and hygrometry constants.

They noticed that the free crystallization of copper salt on a plate produced fine 

crystalline needles arranged typically without any order.

By adding infinitesimal amount of juice from a plant, or aqueous extracts of 

vegetable matter, the crystals of the sample tested were organized according to 

specific and reproducible patterns, in any case we are here considering an ho-

listic analysis involving small quantities: trying to recognize a pattern of beams 

and branched needles radiate towards the periphery of the plate so as to reveal a 
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spectrum limit with discernible characteristics.

The objective of sensitive crystallization is not to reach a conclusion deduced 

from few isolated data, but to compare two established series of global phenom-

ena and their order (A. et O. Selawry, 1957,1961).

2.10.2 Crystallization test on wine

In 2011 samples from wines 2008-2011 were sent at Laboratoire Thiollet- Marga-

rethe Chapelle,Le Bourg 46220 Pescaidores France. The crystallization analyses 

the vitality, energy use and quality at stage 1 and a second judgement after 24h. 

As official scientific research does not accept this type of testing I have decided to 

include these methods in my thesis to point that there are also other testing meth-

ods which deliver interesting results which can be an aid in the understanding of 

the phenomena subject to our studies.
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3 Results and Discussion

3.1 Soil

3.1.1 Standard soil chemical analyses: 2008 - 2013

The differences in soil composition from the beginning of the study in 2008 and 

at the end in 2013 only for plots Combi and Control for the four sites.

Table 6:Analysis of variance (ANOVA) for variable P the statistical differences of means are sig-
nificantfor p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%Figure 1: Bar graph showing the 
interaction between Treat and Site for the variable P

Figure 12:Bar graph showing the interaction between Treat and Site for the vari-
able P.

P. The effect of the treatment is statistically significant just for the interaction 

Treat*Site. The graph shows a higher percentage in Combi plots only for Ech 

while the lowest in Haut and Auv (same region). The values of Elf remained sta-

ble. These differences in the value of P are ascribable to the differences of the soil, 

however the Combi treatment seems to have reduced the quantity.
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K. The treatment effect is highly significant for site and at 5% for treatment effect. 

In the graph Control plots show a higher level of “reserve” potassium. This de-

crease of an important macroelement during the study period could be connected 

with the exhausting of the soil from the microorganisms, as we shall examine 

later.

Table 7:Analysis of variance (ANOVA) for variable K the statistical differences of means are signifi-
cant for p< .05 (*)F significant a 5% and p< .01(**) F sig at 1%Figure 2: Bar graph showing the means 
of treatment for the variable K

Figure 13:Bar graph showing the means of treatment for the variable K
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Ca. Statistical significance for Ca level is shown in the interaction Treat*Site and 

only in Ech the level was lower in the Combi plot, in Haut remained the same. 

The presence of Ca is intimately connected with the type of soil and thus is dif-

ficult to interpret.

Table 8:Analysis of variance (ANOVA) for variable Ca the statistical differences of means are 
significant for p< .05(*) F significant a 5% and p< .01(**) F sig at 1%Figure 3: Bar graph showing the 
interaction between Treat and Site for the variableCa

Figure 14: Bar graph showing the interaction between Treat and Site for variable Ca
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Mg. Also this depends to a large extent on the conditions of the soil, increasing 

for the Combi plots in Elf and Auv.

Table 9:Analysis of variance (ANOVA) for variable Mg the statistical differences of means are sig-
nificant for p< .05(*) F significant a 5% and p< .01(**) F sig at 1%

Figure 15:Bar graph showing the interaction between Treat and Site for the vari-
able Mg
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Table 10:Analysis of variance (ANOVA) for variable Pw the statistical differences of means are 
significant for p< .05(*) F significant a 5% and p< .01(**) F sig at 1%

Table 11:Analysis of variance (ANOVA) for variable Kw the statistical differences of means are 
significantfor p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 12:Analysis of variance (ANOVA) for variable Caw the statistical differences of means are 
significantfor p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 13:Analysis of variance (ANOVA) for variable Mgw the statistical differences of means are 
significantfor p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%



35

Figure 16: Bar graph showing the percentage of humus in single sites.

Figure 17: Graph showing the interaction between treatment and year forthe vari-
able Humus. However this is statistically not significant but showthe trend of the 
humus percentage during the trial.

Table 14:Analysis of variance (ANOVA) for variable Humus the statistical differences of means 
aresignificant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Humus. The Control plot in 6 years didn’t show any variations only a minimum 

increase in humus percentage, on the contrary the Combi plots displayed a 

reduction in humus percentage. These graphs show that treatment 500 from the 

beginning of the study until the end decreased humus in 3 sites. In Ech from 1.62 

% to 1.40 %, in Auv from 2.82 to 1.90 % (strong decrease) in Haut from 2.59 to 

2.10%. Only in Elf the value increased from 3.20% to 3.60 %. In any case this is not 

significant, but it gives us an indication on what happened during the six years 

of the study. This trend when connected with the no manure supply strategy in-

dicates that the clay soil of Elf after 500 treatment and manure supply preserved 

better the organic fraction in the soil.

3.1.2 Standard soil chemical analyses: Soil conditions in 2013 

In 2013 chemical analyses with NH4 acetate and H2O extraction were carried and 

it was out and it was possible to effect analyses for single plots 500, 501, Combi 

and Control. In the tables, the ANOVA test of each element, when significant are 

shown.

Table 15: nalysis of variance (ANOVA) for variable P the statistical differences of means are signifi-
cantfor p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Figure 19:Bar graph showing the interaction between 500 and Site for the variable K

Table 16:Analysis of variance (ANOVA) for variable K the statistical differences of means are sig-
nificantfor p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Table 17:Analysis of variance (ANOVA) for variable Ca the statistical differences of means are 
significant forp< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 18:Analysis of variance (ANOVA) for variable Mg the statistical differences of means are 
significantfor p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 19:Analysis of variance (ANOVA) for variable Pw the statistical differences of means are 
significantfor p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Figure 20:Bar graph showing the interaction between 500 and Site for the variable 
Pw.Means for Pw element available in water solution for the plants in four sites. 
Elfingenshows after treatment 500 a higher level of P

Table 20:Analysis of variance (ANOVA) for variable Kw the statistical differences of means aresig-
nificant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 21:Analysis of variance (ANOVA) for variable Caw the statistical differences of means aresig-
nificant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Effect of preparation 500 and 501 on soil elements in 2013:

One notices a decrease in the level of the total soil element for the plot under-

going biodynamic treatments, though the significant result is just relative to K 

interaction T500*Site and Pw level in interaction T500*Site nearly significant 

(P=0.056). The application of the 500 treatment on all plots has shown evidence of 

a reduction in the soil of the “reserve” potassium and Pw. Only in Elfingen levels 

remain stable.

Could be that the plant adsorbed or it was dispersed following leaching, and the 

500 preparation provided for a better adsorption. 

The Kw total and soluble decreased after 500 treatment, this results suggest a 

higher availability of the element for the plant in the soil. 

In a review Raupp and König (1996) show that biodynamic preparations cause 

the greatest effect under poor yielding conditions. An hypothesis is that biody-

namic treatments have more influence in soil with worst characteristics. Revee et 

al. (2005) had the same results and is possible to attribute to the initial quality of 

the soil for chemical soil elements.

Table 22:Analysis of variance (ANOVA) for variable Mgw the statistical differences of means are-
significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Table 23:Analysis of variance (ANOVA) for variable Humus the statistical differences ofmeans are 
significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Figure 21:Bar graph showing the interaction between 500 and Site for the vari-
ablehumus percentage.Treat*Site is not significant but nevertheless interesting for 
theextremely high level of humus in Elfingen after using treatment 500.

Figure 22:Bar graph showing the means of treatment 501 for the variable Humus-
percentage. Significant influence of 501 in humus composition
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3.1.2.1 Humus organic matter

The hypothesis is that this low content of humus is due to the fact that these 

soils were not fed, but only treated with 500 and 501 without the addition of 

green manure. What was the contribution in terms of organic substance? The 

rate of decomposition of the 500 preparation is quick, 500 is not a fertilizer but 

an activator of soil vitality. With 500 the transformers in the ground increase and 

consequently the humus present mineralizes an thus lowered the humus level. If 

organic substance is present humification process is activated, but if the quantity 

is low, it mineralizes immediately thus reducing humus quantity and the soil is 

poorer. 

In general these are soils with 3% organic substance which is considered a high 

level, however it is exactly for this condition and climate trends with many mm 

of rain and spontaneous vegetation intercepting it. For these reasons reintegra-

tion with legumes for a supply of nitrogen, cereals for fibres for the soil structure 

and other essences which with their roots going deep bringing to the surface 

useful elements.
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3.1.3 Soil microbial activity

Soil microbial activity results for site, treatment, position and depth are shown in 

the following tables.
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Table 24:Graph showing the interaction between Site and Position for the variable Cmic.Shows mi-
crobial activity near the plant or in the middle of the strip. One can notice that forthree sites these 
values were higher for the middle of strip, and in Elfingen near the plants.Furthermore the activity 
shown in Elfingen is higher. Data expressed in mg Cmic/kg of drymatter.

Figure 24:Graph showing the interaction between Site and Deep for the vari-
ableCmic. Highly significant is activity in surface stratum -0.2 cm than at a depth 
of20-30 cm. Elf shows higher activity in both strata. expressed in mg Cmic/kg of 
drymatter.

Figure 23:Graph showing the interaction between Site and Position for the vari-
able Cmic.Shows microbial activity near the plant or in the middle of the strip. 
One can notice that forthree sites these values were higher for the middle of strip, 
and in Elfingen near the plants.Furthermore the activity shown in Elfingen is 
higher. Data expressed in mg Cmic/kg of drymatter.
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Cmic. Interaction Depth*Site it’s highly significant. In all sites, the microbial ac-

tivity was higher in the superficial part than in the 20/30 cm part. The treatment 

effect didn’t show any effect, however we have to consider that in absence of a 

supply of manure the growth is seriously compromised and the values detected 

are low confirming the good status in Elfingen. Also the depth ANOVA result is 

at limit but the interaction Depth*Site is statistically significant. 

The carbon of microorganisms shows higher values near the plant in the rhizos-

phere only in Elfingen, this could be correlated with the percentage of humus and 

its increase. In the other three sites it was higher in the inter row. This could be 

correlated with copper and sulphur treatments. 

The effect of the treatment is not significant but displays a higher value in the 

Control plots rather than in the Combi plots, contrary to the literature.

Table 25:Analysis of variance (ANOVA) for variable Nmic the statistical differences of means are 
significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Nmic. Treatment shows no effect for Nmic values. Depth*Site is strongly statisti-

cally significant with high differences in Elfingen. 

Figure 25:Graph showing the interaction between Site and Deep for the variable 
Nmic .Nmic results show the same trend as for Cmic. Elfingen also in this case 
has highervalues. expressed in mg Cmic/kg of dry matter.

Table 26:Analysis of variance (ANOVA) for variable Cmic / Nmic the statistical differences of 
means are significantfor p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%Figure 14: Bar graph 
showing the interaction between Site and Deep for thevariable Cmic/Nmic. Cmic/Nmic expressed 
in mg Cmic/kg of dry matter.
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3.1.3.1 Single site microbial statistical analysis

In order to gain more detailed results statistics were carried out for the single 

sites. Here following the values for Hauterive.

Figure 26:Bar graph showing the interaction between Site and Deep for thevari-
able Cmic/Nmic. Cmic/Nmic expressed in mg Cmic/kg of dry matter.

Table 27:Analysis of variance (ANOVA) for variable Cmic the statistical differences of means are 
significantfor p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 28:Analysis of variance (ANOVA) for variable Nmic the statistical differences of means are
significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Table 29:Analysis of variance (ANOVA) for variable Cmic / Nmic the statistical differences of 
means aresignificant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Figure 27:Bar graph showing the means of treatment for the variable Cmic inHaut. In Haut 
significant effect of treatment for Combi plots that showhighest activities. Cmic expressed 
in mg Cmic/kg of dry matter.

Figure 28:Bar graph showing the means of treatment for the variable Cmic inHaut .Cmic 
shows significant results for 0.2 cm activity expressed in mg Cmic/kg of dry matter.
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Results: 

In Haut the treatment effect is near the significant (p=0.053), strong depth and 

position. Combi parcel has results higher than the Control plots. 

In the other three sites(data not shown) the Cmic value was higher in the Control 

parcel and the position 1 (middle of vineyard row) was higher than position 2 

(near the plant trunk). Only in Elf the microorganism activity was higher in posi-

tion 2, this trend could be connected with the Copper- Sulphur management. 

Depth results show a higher activity in the first 0.2 cm then the 20/30 cm.

3.1.4 Quality of the soil aggregate 

In 2009 analysis of variance of the aggregate quality values shows that Combi 

plots with 27.00 weight average of points are significantly higher than the Con-

trol plots with 25.75. The most significant improvement is the quality of the ag-

gregates in Elf, less - but still recognizable - in Ech and Haut. These results show 

also a statistical Site effect. Reganold in New Zealand described biodynamic soils 

with a better structure, aeration and consequently tilth (Reganold 1998); but the 

comparison system was a conventional trial and not organic.

After two years, in 2011, applying the same procedure, the results averaged over 

the different size classes of soil quality indices which were not replicated. For 

Auv and Ech, similar values for Control with Combi slightly higher (7.9% and 

10.1%). In Ech the indexes was 7.85 for Control and 8.72 for Combi. In Elf almost 

no difference was measurable (Control 4.99, 4.89 Combi). All this data is not 

shown.

Across all sites the differences between the methods was not significant (P- 

value= 0.303), the effects of the sites, however, vary always from significant to 

highly significant.
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For the type of aggregates the most here could only be distinguished between 

two forms, whereas a more differentiated assessment was possible in the mid-

dle classes. An improvement in Auv and Ech and a deterioration in Haut with 

Combi. However, the index values for all indexes Combi are higher than those of 

the Control. 

Figure 29: Bar graph showing the effect of treatment in each site. Influence 
of treatments in 2009 on the quality of numerical values of the soil ag-
gregates of size 0.2-10mm (FAL method) expressed in weight average per 
point. Expressed inweighted average of points.
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3.2 Plant results 

3.2.1 Nutrient concentration in leaves

In 2009-2010 the evaluation of the leaf nutrient contents and values showed the 

following results in tables and when significant also in graphs. The results for N, 

P, SPAD and wood weight where such that the decision was taken to carry out a 

statistical analysis for each single site (data supplied at the end of the chapter):

Table 30:Analysis of variance (ANOVA) for variable N the statistical differences of means are-
significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

N. For all four sites no significant difference method showed on the leaf-N con-

tents. Most striking was by far the lowest supply - at optimal levels between 1.93 

to 2.31 % of dry matter (reference values from “Données de base pour la fumure 

viticulture”) - with values around 1.4 % of the dry matter on the farm in Auv. 

Also the statistical analysis in Ech shows no significant N-sheet content but the 

process with 501 with 2.03 % N of dry matter was higher than other methods 

(data not shown). This contradicts the Combi method showing 1.83% N of dry 

matter in the cases were also horn silica was applied.

In contrast, the method Haut Combi slightly exceeded (1.99%) and Control 

(1.93%).

In Elf all values were slightly below the limit of sufficient supply, but without 

differences between the methods. 
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P. The phosphorus contents were inversely proportional as the N contents (this is 

called an “effect on the concentration”) but for Phosphorus contents there were in 

turn mainly regional differences. 

Figure 30:Bar graph showing the interaction between of 501 and Site for the vari-
able P.Significant results after treatment 501 that show inferior quantities in P 
content of leavesfor Ech and Elf. Higher in Haut.

Table 31:Analysis of variance (ANOVA) for variable P the statistical differences of means are sig-
nificant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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K. Potassium show statistical significance for the interaction T500xT501. Striking 

were the low, almost in the region of shortfalls, Elf values (1.0 - 1.6% K of the dry 

matter for plant needs, the supply displayed with 1.56-1.92% was sufficient).

Figure 31:Graph showing the interaction between of 501 and 500 for the variable 
K.Significant for interaction 500 * 501 and level of K contents are lowest in absence 
oftreatment and variable when applied

Table 32:Analysis of variance (ANOVA) for variable K the statistical differences of 
means aresignificant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Mg. Mainly regional and per regional per year magnesium contents show an 

influence after the treatment 501. In the table the treatment results are seen, the 

quantities in Elf remained the same after treatment, in Haut Ech the 501 treat-

ment lowered them. 

Figure 32:Bar graph showing the interaction between of 501 and Site for the 
variable MgO. Aneffect is shown only in Elf leaves. Ench and Haut decreased 
their contents after treatment.

Table 33:Analysis of variance (ANOVA) for variable MgO the statistical differences of means 
are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Table 35:Analysis of variance (ANOVA) for variable Bo the statistical differ-
ences of means are significant for p< .05 (*) F significant a 5% and p< .01(**) F 
sig at 1%

Ca. No statistical significance in calcium content, however according to reference 

is lower than a good care of plant.

Table 34:Analysis of variance (ANOVA) for variable Ca the statistical differences of 
means aresignificant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Table 37:Analysis of variance (ANOVA) for variable Zn the statistical differ-
ences of means aresignificant for p< .05 (*) F significant a 5% and p< .01(**) F 
sig at 1%

Table 36:Analysis of variance (ANOVA) for variable Mn the statistical differ-
ences of means aresignificant for p< .05 (*) F significant a 5% and p< .01(**) F 
sig at 1%

Table 35:Analysis of variance (ANOVA) for variable Fe the statistical differ-
ences of means aresignificant for p< .05 (*) F significant a 5% and p< .01(**) F 
sig at 1%
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Figure 33:Graph showing the interaction between 500 and 501 for the variable Mn

B, Fe, Zn, Mn, Cu. In the sheet-boron contents a significant step of the process 

but not the type or location of the interaction process was found. This Haut 

ranges lack of supply and Auv in scarce supply. Elf, Ech and are in the range of 

25 to 40 supply sufficient mg boron per kg dry matter.

For the micronutrients Fe, Mn, and Cu (data not shown) showed no differences 

in location and method a good supply, only with Zn is the rather short supply in 

all locations (18.6-27.7 ppm with reference values of 30-60 ppm). 

Table 38:Analysis of variance (ANOVA) for variable Cu the statistical differ-
ences of means aresignificant for p< .05 (*) F significant a 5% and p< .01(**) F 
sig at 1%
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Figure 34: Graph showing the means of the treatments for the variable SPAD. Is 
not significantbut shows an interesting trend in Combi plots which show a higher 
SPAD value after 501treatment in Combi plots

Table 39: Analysis of variance (ANOVA) for variable SPAD the statistical differences of 
means are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

3.2.1.1 SPAD Chlorophyll index

SPAD analysis carried in 2009 and 2010 show the following results:
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Figure 35:Graph showing the interaction between 500 and site for the vari-
able woodweight. Shows an increase of woodweight only in Ech. Elf and 
Haut show a decrease in500 plots.

Table 40:Analysis of variance (ANOVA) for variable Wood Weight thestatisti-
cal differences of means are significant for p< .05 (*) F significant a5% and p< 
.01(**) F sig at 1%

SPAD. No statistical differences were observed except for the interaction 

Year*Site. Interesting, but not significant the graph above showing how 501 ap-

plied increased SPAD values in 2009 and 2010.

 The interaction 501*Site nearly significant shows the highest SPAD levels with 

501 on all sites. 501 without 500 has a very high SPAD; this may be due to an 

excess of stress in the high region of the plant.

3.2.3 Wood weight

The weight of winter pruning was measured.
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Figure 36:Graph showing the interaction between site and 501 for the 
variable woodweight. Not significant but the 501 stimulates woodweight. 
Results expressed in Kg dry matter.

Wood weight. Statistical analysis has evidence a highly significant interaction 

Year*Site and 500*Site as shown in the graph above, treatment 500 reduced the 

weight of winter pruning in Elf and Haut, in Ech there was an increase. Not sig-

nificant, but it can help in the interpretation of data figure 24 where treatment 501 

increased the wood weight in all three sites. Considered along with SPAD values 

the 501 wood weight values increase plant growth.
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3.2.4 Single site statistical analysis

Results are influences by the different environmental condition, for this reason 

we decide to do a uni-variate analysis for single site for SPAD, Ww, N, P for the 

three sites (Exclude Auv without the 501 plot).

3.2.4.1 SPAD

SPAD. The single site analysis, significant in Haut for the use of 500, affects 

negatively the level of SPAD values. This may be due to a higher containment of 

plant metabolism. In Haut and Ech the interaction of 500*501 was significant and 

highly significant showing in Ech a middle value balance after use of both prepa-

rations. In Haut the no use of treatment in the Control plot shows a higher level.

Table 40:Analysis of variance (ANOVA) for variable SPAD in Ech the statistical differ-
ences ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 41:Analysis of variance (ANOVA) for variable SPAD in Haut the statistical dif-
ferences ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 
1%
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Figure 37:Bar graph showing the interaction between 500 and 501 for the vari-
able SPAD in Echandens

Figure 38: Graph showing the interaction between 500 and 501 for the vari-
able SPAD in Hauterive

Table 41:Analysis of variance (ANOVA) for variable SPAD in Elf the statistical differ-
ences ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Table 42:Analysis of variance (ANOVA) for variable Wood weight in Ech the statistical dif-
ferences of means are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 43:Analysis of variance (ANOVA) for variable Wood weight in Haut the statistical dif-
ferences of means are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Figure 39:Bar graph showing the means of the treatments for the variable 
SPAD in Hauterive

3.2.4.2 Wood Weight and length
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Figure 41:Graph showing the interaction between 500 and 501 for the variable wood weight 
in Elfingen

Table 44:Analysis of variance (ANOVA) for variable Wood weight in Elf the statistical differ-
ences of means are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Figure 40:Graph showing the interaction between 500 and 501 for the variable wood weight 
in Echandens
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Table 45:Analysis of variance (ANOVA) for variable Length statistical differences of means are 
significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Length. No statistical results were obtained for the length model, except for the 

site. As with the wood weight, the length average show a better growth in the 

process 501 but not a statistical influence (data not shown). The 500 treatment 

tends to reduce length, but this is odd as it should stimulate growth, the interac-

tion borders statistical significance for p < 0.054. When 500 is absent length is not 

promoted, does 501 in absence of 500 promote length? 

The wood weight is the weight of the shoot, the power, hence 501 lengthens a 

line of shoots, but it doesn’t make them fray at a vegetative level. 501 stresses 

them as they compete shooting upwards. 

Wood Weight. In Elf and Ech the interaction 500*501 showed significant and 

highly significant results, as shown in the graphs the same trend is observed. 

The use of at least one of the two preparations increased wood weight (0.4 kg/

vine), while the non use (Control plot) reduced wood weight. With the use of 500 

without 501 the wood weight is higher in Ech, while Elf showed a higher value 

for 500 plus 501.



66

Table 46:Analysis of variance (ANOVA) for variable N in Ech the statistical differences 
ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 47:Analysis of variance (ANOVA) for variable N in Haut the statistical differences 
ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 48:Analysis of variance (ANOVA) for variable N in Elf the statistical differences 
ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

3.2.4.3 N and P in the leaves
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N. Also here significant results were obtained in Ech and Haut with evidence of 

statistical significance and high statistical significance for the 500*501 interaction, 

as seen in the tables the trend is the same followed by SPAD.

Figure 42: Graph showing the interaction between 500 and 501 for the variable
N in Ech

Figure 43: Graph showing the interaction between 500 and 501 for the variable
N in Haut
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Table 49:Analysis of variance (ANOVA) for variable P in Ech the statistical differences 
ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 50:Analysis of variance (ANOVA) for variable P in Haut the statistical differences 
ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 51:Analysis of variance (ANOVA) for variable P in Elf the statistical differences 
ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Figure 44:Analysis of variance (ANOVA) for variable P in Ech the statistical dif-
ferences ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) F 
sig at 1%

Figure 45:Analysis of variance (ANOVA) for variable P in Haut the statistical 
differences ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) 
F sig at 1%

Figure 46:Analysis of variance (ANOVA) for variable P in Elf the statistical differ-
ences ofmeans are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig 
at 1%
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P. Highly significant results were obtained in Elf for treatment 501 that reduced 

the levels of potassium in leaves. In Haut and Ech significant and highly sig-

nificant was the interaction 500*501 as shown in the figure above the use of no 

treatment in Ech shows a higher level of potassium, with 500 the value remained 

unchanged regardless of the use or non use of 501.

3.2.5 Disease incidence and severity

In 2008 no occurrence of Oidium was observed for all sites and plots. On the 

other hand a high pressure of Mildew disease was observed on 60-80% on the 

leaves. No statistical differences were observed between the plots and sites. Con-

cerning the grapes, at the harvest, 50 % of the crop was lost for Auvernier as the 

farm management had decided not to apply any treatment (for other sites data 

not shown). No statistical differences were shown between the treatment plots.

In 2009-2010 in the four sites and plots no disease observed (whether Oidium or 

Mildew).

3.2.5.1 Phytoalexin in the plant

The extremely bad season in 2008, created a stressful situation for the plants, the 

result was an increase of production of phytoalexins.

Table 52:Analysis of variance (ANOVA) for variable Sum Phytoalexins in the statistical differences 
of means are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Phytoalexin. With treatment 501 the levels of phytoalexin are statistically sig-

nificant. The graph shows how the application of 501 increases considerably the 

phytoalexin content increasing the immune system of the plant. For a better un-

derstanding of the phenomenon the second graph, though not significant, shows 

that the joint application of 500 and 501 has as a result a higher value. The non 

use of 501 has shown in both cases a lower level of phytoalexin.

Figure 47: Bar graph showing the means of the treatments 501 for the variable 
Phytoalexins

Figure 48:Graph showing the interaction between 500 and 501 for the variable 
Phytoalexins but with no significant statistical differences. This can help under-
standing the treatment f 501.
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Table 53:Analysis of variance (ANOVA) for variable Yield the statistical differences of means are 
significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

3.3 Grapes

3.3.1 Yield

In 2009 and 2010 were measured the kg m 2-1 from the rows treated Combi and 

Control, but no significant statistical differences were found. The Control plot 

produces less compared to the other years but it is not significant.

3.3.2 Quality of musts

In the years 2008- 2010 must analysis was carried out for plots Combi and Con-

trol. 

Table 54: Analysis of variance (ANOVA) for variable acidity must the statistical differences of 
means are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 55: Analysis of variance (ANOVA) for variable pH must the statistical differences of means 
are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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In 2008 - 2010 must analysis shows statistical significance only for year and site. 

The qualitative parameters of freshly, squeezed musts were very similar between 

the different methods (data not shown). The sugar contents in 2009 Ech (86 Oe) 

and Auv (86.5 Oe), despite the relatively high yields were significantly higher 

than the cantonal average values of 75 degrees Oechsle. Likewise, in this Elf with 

Riesling x Sylvaner was the case (78.5 Oe). 

At all sites, the acid contents were high, the musts would be protected against 

oxidation processes during fermentation. 

Significant procedural differences were not evident in any of the locations. 

Kinetics and execution of fermentation

The good state of health of the grapes in 2008-2010 allowed a low SO2 dose of 

25 ml / l. Depending on the experimental site, the sugar contents were different. 

Haut and Elf were slightly enriched with 1 kg, respectively, and 0.5 kg/100 L. 

Auv and Ech showed the highest maturity with values of 86 ° and 87 ° Oechsle 

and were not chaptalised. 

Alcoholic fermentation 2008-2010 

The alcoholic fermentation was smooth for all plots and sites, the sugar was com-

pletely converted. All must parameters in the standard quality of the grapes. 

The malo-lactic fermentation was researched and achieved for all location and 

variants at the end of the winter. The tartaric precipitation was realized with the 

natural cold of winter (-8C during 3 weeks). Concerning the protein stabilization 

no fining product (bentonite, etc) was added and filtration.

The bottling was begun in spring of each year. 

In the course of fermentation no differences between the Control and Combina-

tion method could be observed.
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3.4 Wine analytic analyses

Table 56: Analysis of variance (ANOVA) for variable alcohol the statistical differences of means are
significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 57: Analysis of variance (ANOVA) for variable density the statistical differences of means are 
significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 58: Analysis of variance (ANOVA) for variable fructose the statistical differences of means 
are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 59: Analysis of variance (ANOVA) for variable total acidity the statistical differences of 
means are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 60: Analysis of variance (ANOVA) for variable acetic acid the statistical differences of means 
are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Table 61: Analysis of variance (ANOVA) for variable pH the statistical differences of means are 
significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 62: Analysis of variance (ANOVA) for variable glycerol the statistical differences of means 
are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 63: Analysis of variance (ANOVA) for variable lactic acid the statistical differences of means 
are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 64: Analysis of variance (ANOVA) for variable volatile acid the statistical differences of 
means are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%

Table 65: Analysis of variance (ANOVA) for variable malic acid the statistical differences of means 
are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
Table 66: Analysis of variance (ANOVA) for variable tartaric acid the statistical differences of 
means are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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In wine analyses for pH, acidity and alcohol no statistical differences were found 

from 2009-2011. A nearly statistical difference was noticed in the quantity of 

malic acid and lactic acid for the treatment plots. Malic acid seems to be lower 

in Combi plots while the lactic acid is higher. As described earlier, malo-lactic 

fermentation was desired, but the malic acid content was different. 

As malic acid is a ripeness indicator a lower quantity in the wine and conse-

quently in the grapes could indicate a better ripening process.

Concerning this aspect, a recent study by A. Duval-Chaboussou (not published 

yet) detected a variance in malic acid content the grape at harvest. In any case 

this fact needs further investigation and oenological competence.

Wine analytic analyses

Table 66: Analysis of variance (ANOVA) for variable tartaric acid the statistical differences of 
means are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%
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Combi
Figure 49: Wine analytical analyses for wines from 2008-2010.
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3.4.1  Wine sensorial

3.4.1.1  Triangle test 

Only in the 2009 wines and in particular in the Chasselas Ech the examiners were 

able to sample wines significantly different from each other. 

Comparison Control Vs Combi Total replies Correct answers Significant (p=0.05)
1 -Chasselas Haut Bio 08/ Biodyn 08 39 15 n.s.
2 -Chasselas Auv Bio 08/Biodyn 08 39 10 n.s.
3 - Chasselas Ech Bio 08/Biodyn 08 39 17 n.s.
4 -Riesling/Sylvaner Elf Bio 08/Biodyn 08 39 15 n.s.

Table 67: Triangle test with the microvinification BoBdyn and white wines of 2008 (March 8, 2010)

Number of examiners = 39   
Comparison Control Vs Combi Total replies Correct answers Significant (p=0.05)
1 -Chasselas Haut Bio 09/ Biodyn 09 40 15 n.s.
2 -Chasselas Auv Bio 09/Biodyn 09 40 16 n.s.
3 -Chasselas Ech Bio 09/Biodyn 09 40 33 ***
4 -Riesling/Sylvaner Elf Bio09/Biodyn 09 40 17 n.s.

Table 68: Triangle test with the microvinification BoBdyn and white wines of 2009 (March 11, 2010); 
examiners number = 40

Comparison Control Vs Combi Total Correct Significant
     replies answers (p=0.05)
1 -Haut 10 Control/Haut 10 Combi  31 13 n.s.
2 -Auv 10 Control/Auv 10 Combi  31 11 n.s.
3 -Echan 10 Control/Echan 10 Combi 31 8 n.s.
4 -RS Elfi 10 Control/RS Elfi 10Combi 31 9 n.s.

Table 69: Triangle test with the vinification BoBdyn and white wines of 2010

The statistical analysis of the ANOVA model revealed a most significant effect 

examiner as in previous years. The more precise the model can therefore calcu-

late the operational and process effects or interactions.
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3.4.1.2 Organoleptic Sensorial blind test

Resulted only in the criterion “minerality nose” had a significant difference 

between the methods. With a value of 36.1 (optimum 50) of the wine from the 

preparations treated plots was slightly better than that assessed from the Control 

plots with a value of 31.6. In the overall assessment no procedural difference was 

apparent. Only in Haut the wines differed slightly and in favour of the Control 

plot.

3.4.1.3 Sensitive Crystallisation of Wines

The results contain the scores given by Margarethe Chapelle to vitality, energy 

use and quality of the wine samples.

Table 70:Scoring of vitality, energy use and quality perceived in sensitive crystallisation images of 
2010’s wines. Stage 2 is a judgement 24 h later than at Stage 1
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Vitality

At Stage 1, vitality was higher at Auv and Ech. At Stage 2 vitality was higher in 

the Combi wines except at Haut. 

Energy use

At Stage 1, energy use was higher for Combi wines in Auv and Ech. At Stage 2 

energy efficiency of the Combi wines was higher compared to Control wines in 

Elf and Ech.

Quality

At Stage 1 quality scoring was higher in Combi at Auv and Ech; at Stage 2 in 

Haut and again in Ech. 

3.5 Correlation 

Here following the table correlations between leaf nutritional elements, SPAD 

and wood weight in the period 2009-2010, and three tables representing the cor-

relations between SPAD and wood weight obtained from the statistical analyses 

of the single sites.

Figure 71: Correlation table for leaf analyses. Highlighted red when significant correlation and 
means are significant for p< .05 (*) F significant a 5% and p< .01(**) F sig at 1%. On blue when in-
versely propositional.
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As confirmed by the analyses carried out for the single sites one can notice a cor-

relation highly significant between SPAD and wood weight. As well the trend of 

N and MgO increases with the increasing of SPAD. As confirmed in literature N 

contents and SPAD are dependant while P is inversely proportional.

Figure 72:Correlation table for SPAD and ood weight in single 
site Echandens

Figure 73: Correlation table for SPAD and wood weight in 
single site Hauterive

Figure 74: Correlation table for SPAD and wood weight in 
single site Elfingen
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Conclusions

Soil

The essential point of a biodynamic system is feeding the plant by feeding the 

soil. The theory underlying conventional farming is that of satisfying merely the 

chemical needs of the plants; the soil is considered only as an inert substrate. 

While the theory at the basis of biodynamic farming is the idea that all microor-

ganisms, microinsects, earthworms, paedo fauna need to be activated because 

this confers to the soil a higher vitality and fertility which will fully provide for 

the plants’ needs.

This study, as far as soil analysis is concerned, is dedicated to chemical analysis, 

analysis of the structure of aggregates, and that of microbial activity. 

Soil analyses in 2013 show significant results on the soils treated with 500, here 

the K, Pw content was significantly reduced in all sites except for Elfingen. Also 

the humus percentage showed the same variance trend, however not in a such a 

significant degree. These peculiar results, contrarily to what found in literature, 

were confirmed in the differences observed comparing the soil analysis carried 

out in 2008 with those relative to 2013.

In this same period the humus percentage remained constant in the Control plot 

while it was reduced in the Combi plots, showing in the significant tests per site a 

high content in Elfingen.

The humus percentage and lower K and Pw present in the Combi plots and the 

interesting fact that only the Elfingen site (clay soil) showed higher values can be 

explained with the supply of organic matter peculiar to this site. 

This lets us conclude that 500 is a probiotic and it needs organic matter in the soil 

in order to transform it for the production of humus. In fact while in Elfingen Bi-

osol fertilizer was added to the treatments in the other 3 sites organic matter was 

not added (except for the small 3 t/He treatment in Hauterive). So treatment 500 

consumed all the organic substance present on the soil causing a very poor and 
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exhausted condition, proven by the analyses which evidenced a lack of macroele-

ments in the soil that were mineralized by the microorganisms introduced with 

the 500 treatment. So it is important, in order to have good results with the 500 

treatment to supply the soil with manure, green manure or biodynamic compost. 

To substantiated this thesis Elfingen showed the highest microbial activity; high-

ly significant is the interaction Site per Depth of Cmic and Nmic which shows a 

higher activity in the superficial stratum (-0.2 cm) and a minor on in the 20/30 cm 

area. As supported by literature (reference)

Interaction site per position shows as well that the highest activity in Elfingen 

specially in the rhizosphere, while on the other sites the highest activity was 

proven to be in the middle of the strip.

The analyses carried out on the single sites evidenced in Hauterive a higher activ-

ity in the Combi plots than in the Control plots and in the superficial stratum. No 

results in the other sites.

The analysis of aggregate structure carried out with the FAL test has shown the 

statistical significance of Combi treatment on all sites. The most significant im-

provement is in Elfingen. This change of soil physical structure could be due to 

the increased microorganisms activity activated by the 500 treatment.

Plant

For the plant analyses were done the nutrients in leaf tissue, chlorophyll-index, 

phyto-alexine, disease pressure, and the weight and length of the shoots, no dif-

ferences were observed in the nutrient analyses carried out on the leaves, except 

for Mn, Mg and K which had differences principally due to the region. Phospho-

rus was influenced by 501 per site and potassium from the interaction of 500 with 

501 the same goes for Mn. It is difficult to outline the effect of the preparations, 

even though a reduction of the elements was observed.

No significant results obtained in the SPAD values but the nearly significant ef-

fect of 501 suggested to carry out a per site analysis.
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The SPAD increases experienced with 501 and the extremely high values without 

500, caused the plant to increase in weight (significant) and length (non signifi-

cant). This can be explained in a stress of the plant that has more green leaves; the 

source is increased, however the sink as well.

In fact for the wood weight analysis on samples subjected to treatment with 500 

or 501 an extension of the branches was observed in both cases. In the Combi 

plots a balance between vegetative and physiological function was achieved 

which is better.

The T 500 treatment tends to reduce length, and the wood weight shows a high 

statistical significance for the interaction 500 *site showing a lower weight in the 

500 plots for three sites. 

501 shows an impact on the wood weight of the shoot, the power, hence 501 

lengthens a line of shoots, though it renders them fray at a vegetative level. 501 

stresses them as they compete shooting upwards. 

In 2008 was a difficult weather season and the incidence of disease particularly 

high. The interesting statistically high presence of phyto-alexine in the leaves of 

plants treated with 501 confirm the idea of a healthy status of plants to repair at 

the fungi attack. Keeping in mind that biodynamic is a prevention and not cure 

system, devised to help the plants to develop a better immune system and resist 

to disease attack. Remarkable but not statistically significant the treatment with 

500; the combination of the two treatments yields a higher effect, confirming the 

totality of the method.

Grapes and Wine

No statistical differences were observed in the grape harvest yield and in the 

quality of the must concerning Oe‘, pH and acidity. 

Wines for the period 2008-2010 were subjected to standard analysis and no sta-

tistical differences were found, except for lactic acid which was higher in Combi 

plot wines, while malic acid was lower in Combi plot wines. The degradation of 



85

this acid was complete in the biodynamic replication and, supposing a highest 

level of malic acid is easier for the bacteria to transform all the quantity. This sug-

gests a better maturity status of the grapes at harvest, but these conclusion need a 

deeper oenological monitoring and analyses. 

Wine sensorial analysis were done with a triangle test show no differences except 

for Chasselas 2009. In fact is difficult to say the better quality of a biodynamic 

wine, considering the high variables that change the taste of the final product 

depending on the practice adopted in the cellar. 

The organoleptic sensorial blind tests evidence results only in the criteria miner-

ality noses as parameter. 

Wine Crystallization

Though the only information provided to the technician carrying the sensitive 

crystallisation analysis was that the wine samples came from a trial comparing 

biodynamic vs. organic, he found out information regarding the wine-making 

procedure. For most of the wines, the technician highlighted that they did not 

have an excess of sulphur (the chemical analysis showed levels of free SO2 in 

the range of 15-35 mg/l for the 8 wines) he also stressed the calcareous influence 

in Auv sap, as well as in the wines from Auv, Haut and Ech, which completely 

agrees with the type of mother-rock present on the sites.

This study made it possible to analyise some farming parameters in different 

management and farming strategy examining biodynamic and organic agricul-

ture with some significant results. However the data and the analysis collected 

was not always consistently replicated over the years and have not helped in a 

obtaining a clear understanding of specific phenomena but limiting only to the 

supply of some indications on the steps to follow in a future research.


