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WELCOME AND THANK YOU

Biodynamic research is carried outin every agriculture
field and in many places around the world. It makes
use of a broad range of methods and links to various
other research areas such as agroecology. The 7st
International Conference on Biodynamic Research, 5-8
September 2018, adopted an inter- and transdisci-
plinary approach and brought together both academic
research and farmers’ expertise in order to explore
and discuss the pressing issues in biodynamic food
and farming systems. These issues were addressed
both from traditional scientific and innovative meth-
odological perspectives.

This booklet contains most of the abstracts of the pa-
pers and posters presented at the conference by over
100 researchers from all over the world. There are
two categories of abstracts to facilitate contributions
by both researchers and researching farmers and
practitioners: scientific contributions and observa-
tion reports. Scientific contributions are based on the
common standards for design, implementation and
evaluation of scientific research, while observation
reports open up the world of farmers’ observations
and experiences to the scientific sector. We believe
that bringing these different sources of knowledge
together is the best way to further explore and un-
derstand agricultural systems.

Our warm thanks go to all the authors and reviewers,
the programme committee, the organisation team
and partners, as well as the conference participants
and sponsors. The conference would not have been
possible without the cooperation of all these people.

Dornach, May 2019

Christopher Brock, Petra Derkzen, Jean-Michel Florin,
Jurgen Fritz, André Hach, Ueli Hurter, Sarah Sommer,
Anet Spengler-Neff, Verena Wahl
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INAUGURAL ADDRESS

Which research for biodynamic agriculture?

Hurter Ueli

Section for Agriculture, Goetheanum, Dornach, Switzerland

Compared to all other methods, approaches and
movements, biodynamic agriculture has an import-
ant specific characteristic for a sustainable, ecolog-
ical and regional agricultural and food culture: this
being the principle of individualisation. We see the
farm as striving towards individualisation. Based
on anthroposophy, we see the human being as an
individual in the process of development. And this
principle of individualisation is also the driving cre-
ative force — whether conscious, partially conscious
orunconscious — in the development of biodynamics.

This puts us on new agronomic and agro-social ter-
ritory. Agriculture was of course always the area of
life that required people to dedicate themselves to
the local natural conditions, fitting in with the “Flur-
zwang" (compulsory crop rotation), fitting in with the
investments of previous generations, fitting in with
the family and the regional community, identifying
with gender roles, particularly for women, etc. Indi-
vidualising a farm in comparison with a neighbouring
farmis a novelty and many biodynamic pioneers have
fought and suffered bitterly for this. A community
based onindividual personalities connected by a com-
mon theme who take over and run a farmis a novelty,
and each of us whois involved practically in a situation
like this knows how challenging it is.

| therefore postulate that we need a kind of research —
particularly in biodynamics — which presents, inter-
prets, supports and develops this trend towards in-
dividualisation. | would like to think of this as a point
of view, not as a demand, but nevertheless a point
of view which stimulates and challenges us. And |
say this both as a practical farmer and also as sec-
tion leader. Because | have found that research in our
present-day knowledge society is in danger of acting
as THE creator of knowledge with a — please excuse
the expression — almost religious claim to the sanctity
of the results. Or, research also tends to become an
industry with the researcher a kind of knowledge
worker and the products mass-produced goods.

| believe that we need to cultivate a research culture
between these two aberrations, one which attempts
to dojustice to the individual. And I hope and ask that
biodynamic research will take its direction from this
guiding star.

Now, every individuality is based on the presence of
a soul, whichis based on aliving structure, and this in
turnis based on a physical structure.  will attempt to
classify our research endeavours according to these
four levels.

On the physical level we have traditional scientific
research, as agronomy. Data are collected on specific
questions by measuring, counting and weighing in
exact experiments with appropriate replications. The
data set enables a statistical treatment and the re-
sults are intersubjectively and objectively guaranteed.
This research is essential for the discourse in the sci-
entific community, in factitis the only entry code into
this discourse community. The results obtained in this
way are also an important basis for social and political
participation. For the practitioner, this research can
confirm through reliable data what he knows from
his feelings and experience.

We require and are involved in a science of the living,
because anthroposophy stipulates that the phenom-
enon of life requires its own level of reality, which it
calls the etheric realm. The sensory phenomena, for
example the forms of a plant over time or the crys-
tallisation picture of a substance, are used to infer
the etheric constitution and dynamics which underlie
them. This approach, remaining true to the phenom-
enon but viewing it as created from the archetypal
phenomenon has, under the name of Goetheanism,
made an important and substantial contribution to
researching the living reality for many years. There
are also research approaches which look for a direct
access to the etheric, for example rational formative
forces research.

Investigation of the mental/emational level is very
important in biodynamics as we consider it indis-
pensable to integrating the animal as a sentient being.
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This mental/emotional dimension also includes the
characteristics of the farm organism, the creation of
landscape, everything connected to the atmosphere
all the way to the social realm. Likewise the taste,
smell and digestibility of the food. Research in this
area is clearly strongly influenced by the personality
of the researcher, and important innovations, such
as mother-bonded calf rearing, really almost qualify
as inventions. This is where research becomes de-
velopmental research.

Research and development on the individual level
is essentially practical research. An individual in a
specific place under particular conditions reaches a
new levelin the creation of reality. In terms of method
this is very exciting. What actually happens when

14

someone takes up something in everyday life in such
a way that it creates an individualised reality in a re-
ally innovative and exemplary way? This requires the
ability to keep an inner distance and at the same time
to remain engaged in the development with perse-
verance and full awareness. | believe that this is the
way to develop a new type of wheat, fully developed
dairy farming, a perfected preparation.

All four levels need and support each other. | see two
goals for biodynamic research: first, it should open
up the knowledge that we as bearers of the biody-
namic impulse require as human beings and, second,
it should enable us as a movement to contribute to
the great challenges of the times in our field, but
also beyond.



SOIL, PLANTS AND PREPARATIONS

SCIENTIFIC CONTRIBUTION

Effect of biodynamic preparations of the properties of soil and great
pumpkin (Cucurbita maxima D) fruits quality

Daniléenko Honorata’, Jukneviciené Edita’, Ciriené Rasa?, Fritz Jurgen?

’Aleksandras Stulginskis University, Lithuania
?Association “Biodinamika LT", Lithuania
?University of Kassel, Germany

Securing quality and safety of food raw materials is
an important challenge for Lithuania. Like for all veg-
etables, the quality and yield of pumpkin fruit depend
not only on the species, variety, soil properties, and
weather conditions but also on the cultivation tech-
nology applied. Pumpkin fruit does not accumulate
high concentrations of nitrates and other pollutants;
they are low in calories and rich in various antioxidants
(carotenoids, phenols, anthocyanins and others).

Our research aimed to reveal the effect of biodynam-
ic preparations on the properties of soil and on the
quality of the great pumpkin fruit. Research done by
foreign scientists has indicated that various plants
whose cultivation technology included biodynamic
preparations exhibited higher quality and better sen-
sory properties and accumulated higher concentra-
tions of antioxidant compounds. However, we found
no research evidence on the effects of biodynamic
preparations on the improvement of pumpkin fruit
quality and on increasing of biologically active com-
pounds content.

The study was aimed to explore and assess the
effects of biodynamic preparations on the soil ag-
rochemical composition, on the quality of the great
pumpkin ‘Justynka; ‘Amazonka; 'Karowita' cvs. fruits.
Soil composition and plant yield depend largely on
the agricultural production system employed. Organic
fertilizers and crop rotation applied in organic farms
determine better soil quality indicators. In biodynamic
farms, soil viability is maintained, special preparations
are used, conditions are created for the production
of products characterised by high quality and nu-
trition value. According our results the contents of

phosphorus, potassium, nitrogen and the activity of
soil enzymes — urease and saccharase — during the
entire vegetation period of the great pumpkin were
significantly higher in the soil sprayed with P 500,
than those in the untreated soil.

The use of the both preparations (500 and 501) had
the greatest positive effect on the great pumpkin
roots and leaf biometric parameters, chlorophyll index
value and net photosynthetic productivity. The peel
and flesh of 'Justynka’ variety if compare with others
cvs. contained significantly highest concentrations of
dry matter and water-soluble carbohydrates. The use
of P 500 and P 501 had a significant positive influ-
ence on the accumulation of dry matter, water soluble
carbohydrates, crude fibre, the use of P 501 — on the
accumulation of crude ash in the peel and flesh of
pumpkin fruit tested. The flesh of ‘Amazonka’ variety
if compare with others cvs. contained the highest
concentrations of vitamin C, leuco-anthocyanins and
total phenals. The spray-application of the P 501 had
the greatest positive effect on the concentrations of
vitamin C, leuco-anthocyanins, catechins and total
phenals in the peel and flesh of the great pumpkin
fruit. The fruit flesh of the ‘Karowita’ variety if com-
pare with others cvs. was characterised by the highest
contents of carotenoids, lutein+zeaxanthin, -caro-
tene and catechins. The use of both preparations had
a positive effect on the total carotenoid, lutein+zea-
xanthyn, lycopene and -carotene content in flesh
for all great pumpkin varieties tested. The use of P
501 had a positive effect on accumulation for these
compounds in seeds.

Our experimental findings proved that with the in-
clusion of biodynamic preparations in the cultivation
technology it is possible to improve soil composi-
tion, to increase activity of soil enzymes, to enhance
the nutritive value of pumpkin fruits. Moreover, they
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provide preconditions for the development of novel
cultivation technologies in Lithuania as well as for in-

SCIENTIFIC CONTRIBUTION

novative outlook on harmonious interaction between
man and nature.

Achieving Microbial Balances in Soil through Biodynamic Agriculture Prac-

tices

Dass Regina Sharmila

Pondicherry University; Department of Microbiology, School of
Life Sciences; Pondicherry 605 014; India; reginadass@gmail.com

The production of food for humankind has been a
tremendous challenge in the recent past. Sustainable
agricultural practices have provided solutions to a
certain extent in the Indian subcontinent with Organic
and Biodynamic (BD) agricultural practices. The con-
dition of our soil ultimately determines human health
by serving as a major medium for food production,
directly influencing the quality of food we eat. The
health of our soil resources is a primary indicator of
the sustainability of our land management practices,
upon which human welfare depends. The uniqueness
of Biodynamic agriculture depends on the use of bio-
dynamic manures (cow horn manure and horn silica)
and aerobic BD compost which comprise of six herb-
al inocula. These include fermented preparations of
Achillea millefolium (BD 502), Matricaria chamomilla(BD
503), Urtica dioica (BD 504), Quercus glauca (BD 505),
Taraxacum officinale (BD 506), and Valeriana officinalis
(BD 507). While Achillea millefoliumand Quercus robur
are known to possess antibacterial and antifungal
properties, Matricaria chamomillaand Urtica dioicaare
known to show antiviral effects too. The main objec-
tive of this research study was to assess the impact
of different agricultural management practices and
to achieve safe food production. The present study
was carried out during the year 2016 by collecting
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soil samples, from four different geographical lo-
cations of India. Conventional methodologies were
adopted to detect the presence or absence of select
food-borne pathogenic bacteria hamely coliforms,
Salmonella species, Shigella species and Staphylococcus
aureus from BD and non-BD farms. Standard microbi-
ological protocols using specific bacteriological media
for the selective isolation of the bacterial flora were
used. Three out of four bacterial pathogens namely,
coliforms, Salmonellaand Shigella species were isolat-
ed from Non-BD soil. The bacterial pathogens were
undetected in BD soils. In view of this, the presence
or absence of Coliforms, Salmonella and Shigella spe-
cies as biological indicators has been considered. The
current study is the first of its kind being reported
from India. Collectively, the evidence supports the
hypothesis that ecosystems managed by biodynamic
agricultural methodologies are significantly safer in
terms of food safety than conventional methods.
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Long-term, on-farm field manure experiment in Sweden comparing liquid
and composted manure, including biodynamic treatments and biochar
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Phone + 46 708676763, artur.granstedt@jdb.se

Research question

The goal of this long-term study is to identify effects
of liquid manure compared to composted manure and
evaluate biochar and biodynamic treatments.

Nibble farm converted to biodynamic farmingin 1964
and soils have likely built up a long-term mineraliza-
tion capacity similar to that documented in earlier
long-term experiments and on-farm studies (Granst-
edt & Kjellenberg 2017). Soils are mainly sedimentary
clay loam with SOM 2.5-4%.

Research methods

Experiments on Nibble, Jarna, Sweden (59°N, 18°E)
are an integrated part of crop rotation with winter
wheat after legume-grass ley (3 and 2 years respec-
tively) and incorporated into customary farm manage-
ment practices with fall ploughing and seeding after
legume-grass ley. Manure treatment of 30 tonnes
ha-1 corresponds to normal application.

Effects of applications of composted (CM) and liquid
(LM) manure were studied at 3 levels of application:
0, 18, 30 and 50 tonnes ha-1 with and without bio-
dynamic preparation treatments (+BDP, —-BDP) in a
split-plot design, with replicates in 3 (experiment 1)
and 4 (experiment 2 and 3) blocks. In experiment 1,
established 2012, there is an additional reference
plot with fresh farmyard manure (30 tonnes ha-1)
with and without BDP treatments. In experiments 2
and 3, established 2013, on half of the experimental
area biochar (32 tonnes ha-1) was incorporated to-
gether with manure treatments (+BC, —BC) but not
randomized (NR).

Excel 2010 (Microsoft Corp USA) was used for calcu-
lations, graphics and statistical analysis. Design and
ANOVA statistical analysis were according to Little
and Hills (1978).

Results

In field experiment 1 average vyield of cultivar ‘Jaco-

by Borst’ was 15% lower than ‘Dacke’ but 5% higher
in +BDP composted manure treatments compared
to —BDP (p<0.05, n=9). Average vyield 'Jacoby Borst’
in manured treatments was 15% higher compared to
zero plots, similar manure effects was observed for
subsequent yields of oats and legume-grass.

Field experiment 2 with ‘Jacoby Borst’ showed weak
response to manure with average yield only 3% higher
(n.s), but strong response to +BC with average vield
13 to 35% higher than plots -BC (NR, p<0.1, n=12).
There was a tendency (p<0.1, n=12) towards effect
of +BDP with CM, compared to -BDP. Harvest 2nd
year was under poor weather conditions with no clear
results. Third year first cut of legume-grass, manure
2013, was 5% higher. Biochar applied 2013 gave 14%
average higher yield (NR, p<0.05, n=32), combined
with +BDP an additional significantly higher yield
of 6% (p<0.05, n=12) and combination effect of 21%
higher yield.

Experiment 3 gave a weak direct effect on yield of
wheat comparing with/without manure (3—-6%) (n.s,).
Average yield with +BC was over 11% higher (p<0.05,
n=12).

Conclusions

Results show very low direct manure effect of both
CM and LM. For LM, this can partly be explained by
atmospheric loss of NH4N. In experiments 2and 3, a
distinct effect of +BC was shown, with 8- 23% higher
yield in soils with both high and low SOM, with effects
seen up to 4 years after application.

First four years of Nibble experiment indicate that it
is possible to observe differences between use or not
of biodynamic preparations, in some cases supporting
better vields (+ 5%) with CM with ‘Jacoby Borst' and
also with +BCin legume-grass ley (+6% and combined
21%). These results are in accordance with other on-
farm field experiments (Granstedt & Kjellenberg 2017;
Johnston & Poulton 2018).

The main explanation for weak direct manuring effect
of organic manure is found in the long-term, inherent
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soil mineralization capacity. The role of manure is
to support this long-term effect (Gutser et al. 2005).
Thus, manure only has a marginal effect on yield the
year it is applied. Results at Nibble point to the im-
portance of fertilizing soil instead of crops with long-
term effects of manure, effects of BDP treatment,
effect of biochar application and support for carbon
sequestration using biochar.
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Soil and crop management practices involving inten-
sive use of synthetic fertilizers and pesticides in the
cultivation/production of plant raw materials cause
long-term adverse consequences related to the safe-
ty of food products and human health. As a result, the
raw materials and products produced and handled
without the use of chemical agents are increasingly
appreciated by the consumers. Biodynamic agricul-
ture is a unique system of organic agriculture which
contributes to the development of the sustainable
farming.

The aim of this research, which was undertaken in
three years (2013-2015), was to evaluate the ef-
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fect of biodynamic preparations 500 and 501 on soil
biological and agrochemical properties and potato
tuber quality. The field experiment was conducted
on an organic farm in Prienai district (Lithuania). The
experiment included two factors: | — three coloured
potato cultivars (Red Emmalie, Vitelotte, Blue Con-
go), Il — treatment with biodynamic preparations as
field sprays (four treatments): 1 — preparations not
used — control treatment; 2 — the soil was sprayed
with preparation 500; 3 — potato plants were sprayed
twice with preparation 501; 4 — the soil was sprayed
with preparation 500, potato plants were sprayed
twice with preparation 501. The soil samples were
analysed for: available phosphorus and available po-
tassium concentrations by the CAL method; ammo-
nia nitrogen and nitrogen (sum of nitrate and nitrite
nitrogen) concentrations by a flow injection analysis
(FIA) spectrometric method; mineral nitrogen concen-
tration was calculated as a sum of nitrogen (nitrate
and nitrite) and ammonia nitrogen; soil reaction pH by
a potentiometric method; activity of soil enzymes —
urease and saccharaze by the method of Hofmann
and Schmidt. The potato samples were analysed for:
total polyphenols content by the Folin-Ciocialteu
method, anthocyanins by HPLC assay and antioxi-
dant activity by the DPPH method.

The research revealed that significantly the highest



concentrations of available phosphorus, available
potassium, nitrogen (sum of nitrate and nitrite ni-
trogen) and mineral nitrogen in the soil throughout
the entire growing season were identified on the 14th
day after soil application of preparation 500 (before
potato planting). As well as, soil spray application of
preparation 500 resulted in higher enzyme activity.
Significantly higher activity of the tested soil enzymes
was recorded 14 and 126 days after the spray appli-
cation: urease activity increased by 25.0% and 40.5%
respectively and that of saccharase — by 6.7% and
15.7%, respectively. The preparation 501 was found
to exert the greatest positive effect on investigated
biochemical constituents and their antioxidant ac-
tivity in potato tubers with a colored flesh. When the
preparation 501 was applied, the content of total
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Yield and quality of Daucus carota L.,
ed to moon rhythms
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The history of the great civilizations of the past (Egyp-
tians, Babylonians, Greeks, Incas, Aztecs) shows the
importance of astronomical rhythms, not only in
agriculture, but in all daily activities. In Brazil, tradi-
tional indigenous populations use this knowledge in
agriculture. In biodynamic agriculture, Rudolf Steiner
revalues this popular knowledge and extends it, incor-
porating the other rhythms of the moon, the move-
ment of the planets and the Sun related to agricultural
activities. In the International Biodynamic Movement,
the best known astronomical / agricultural calendar
is the one created by the farmer Thun, which is trans-
lated into several languages. In the scientific approach,
some biodynamic researchers, such as Spiess (1994)
and Goldstein (2000), studied the theme of chrono-
biology and cultivated plants.

The purpose of this work was to evaluate the influ-
ence of moon rhythms (synodic, sidereal, anomalistic,
tropical and draconic) on yield, quality and post-har-
vest storage of Daucus carota L. roots under biody-
namic management sowed in different dates. The

phenolic compounds in the tubers of cultivars Blue
Congo and Red Emmalie was significantly higher, 20.1
and 5.4%, respectively; the content of anthocyanins
were significantly higher in the tubers of all tested
cultivars.

Our results indicated that the use of the prepara-
tion 500 stimulated the activity of soil enzymes
saccharase and urease and increased the contents
of nutrients important for plant growth (available
phosphorus, nitrogen (sum of nitrate and nitrite ni-
trogen) and mineral nitrogen) in the soil. As well as,
the application of the preparation 501 promoted and
that of preparation 500 had a tendency to reduce the
accumulation of biologically active substances and
their antioxidant activity in the potato tubers with a
coloured flesh.

under biodynamic management, relat-

participatory research was carried out over a two
period on a biodynamic farm, in Botucatu, Sao Paulo
State, Brazil. Rhythms were tested observing the
effects of seeding at different planting dates. The
experiment was performed with four randomized
blocks and 31 treatments (different dates) in 2005
and fourteen treatments in 2006. The harvest oc-
curred 82 days after the sowing, when carrot roots
show the most desirable aspect for the organic and
biodynamic consumers. The magnitudes of effects
associated with planting at a specific lunar position
were measured by the deviations from the trend
curve. The following characteristics were evaluated:
fresh mass of roots and leaves, dry mass, diameter,
length, nitrogen, phosphorus and boron content of
the roots and perishability of the roots at 30, 60 and
90 days post-harvest. Dry mass was the only one
that in the contrast between averages showed sig-
nificant results in the two periods of the experiment.
The new moon phase showed higher results than the
crescent moon and full moon phases. In the two years
of research, dry mass production at new moon was
higher than full moon fase (p<5%). Goldstein (2000)
and Spiess (1994) observed better results when the
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carrot was sown one or three days before the full
moon. It was clear that the synodic rhythm had the
most significant influence. The draconic, sideral and
anomalistic had less influence and the tropical rhythm
had no influence at all considering studied aspects.
Considering M. Thun astronomical calendar, the re-
sults are not conclusive, because the “root days” were
not the best for productivity. On the other hand the
negative influence of node and perigee were noticed
only at roots fresh matter mesurements in 2005, and
notin 2006. Botucatu city is located very close to the
tropic of Capricorn and this position does not receive
strong influence from tropical rhythms (highest and
lowest moon) which is more intense in high latitudes
and highly values at M. Thun studies. In Brasil the
effect of the moon phases (synodic rhythm) is highly
valued by family farmers and it was precisely the
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aspect with more consistent statistical results.
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Pfeiffer’s circular chromatography test applied to soil samples and com-

parison to chemical analysis results
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Background

Paper chromatography is a widely applied analytical
method for separation of liquid compounds. Pfeiffer’s
circular chromatography (PCC) test, relying on same
principles, is a method applied mainly to qualitative
soil analysis. PCC gets often applied by farmers them-
selves; however, is poorly studied in the academic
ambient. In our experimentation, we tested whether
the PCC test can differentiate between soil samples
planted with different types of crops and deriving
from different cultivation managements. The study
was performed in frames of the project ‘Panis cum
Carne’ financed by the Umbria Region / Italy.
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Materials and methods

As described in [1] 16 soil samples from differently
managed fields and planted with different crops were
analyzed by means of PCCand chemical analysis. The
PCC pattern evaluation consisted of three approach-
es: (i) measurement of pattern zones, (i) visual scoring
of pattern characteristics by schooled evaluators, and
(iii) computerized texture analysis. Subsequently PCC
results were correlated with the outcome of chemical
soil analysis.

Results and discussion

Basing on correlations found the PCC pattern features
may be grouped into two groups: (i) radial features
(e.g. channels and spikes), peripheral zone breadth,
color intensity, and texture parameter ‘entropy’ and (ii)
concentricrings, total radius, and central zone radius.
Group (i) correlated positively with the soil compo-
nents related to high soil quality (e.g. organic matter,
total nitrogen, phosphorus, bromine and sand) and
negatively with the soils pH, and soil compactness



(e.g. contents of silt, and clay); on the contrary group
(ii) correlated negatively with soil compounds related
to high soil quality and positively with those respon-
sible for soils compactness.

Conclusions

Our study may contribute to understanding of the
pattern forming processes taking place during the
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chromatographic imbibition and the working mech-
anisms of the PCC test. It shows further that the PCC
test constitutes a valuable tool for qualitative soil
analysis.
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Implementation and results of the biodynamic preparation prepared 500

(500P)
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Research question

Does the application of biodynamic preparations and
in particular prepared 500 (500P) bring a visible and
measurable change in soil functioning?

Research method(s)

Implementation of field trials under real conditions
(agricultural) comparing biodynamic practices to bi-
ological controls. Evaluation of differences with the
spade test (observation of soil colour and structure,
root systems, water management in the sail), supple-
mented by classical analyses (organic matter, pH), and
a dosage of microbial biomass and available nutrients,
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observation of the plant over the season.
Results

Visual and analytical results confirm the rapid evo-
lution of soils that received the biodynamic prepara-
tion 500P. They are clearly differentiated by a darker
colour, a more aerated and crumbly structure. The
analyses show very high levels of organic matter and
of various nutrients compared to organic controls.

Conclusion

Changes due to biodynamic practices are visible and
measurable within a few weeks or months and lead
to more in-depth scientific follow-up in partnership
with French, German and Swiss research organiza-
tions (INRA, Hepia, University of Kassel).

Development of a bioassay with garden cress to test the bioactivity of the

biodynamic horn manure preparation

Morau Alain

University of Kassel, Fachgebiet Okologischer Land- und Pflanzen-
bau, 37213 Witzenhausen, Germany

Question

In plant physiology, ecotoxicology and medicin bio-
assays are a major instrument to investigate the

bioactivity of low-dosed substances. Nevertheless,
bioassays have rarely been employed to test biody-
namic preparations. The present study investigated a
specific bioassay with garden cress (Lepidium sativum
L) to detect the effects of horn manure preparation
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(HMP) on hypocotyl and root growth. The goals were
to investigate (1) the sensitivity and long-term stabil-
ity of the bioassay and (2) the influence of the main
test factors.

Methode

The bioassay consisted of the hydroponic growing
of cress seedlings in polyethylene bags with water
as cultivation medium. The layout was a random-
ized complete block design with 20 replicates. The
investigated HMP doses were relevant for practical
applications.

Results

(1) To test the sensitivity and stability of the bioassay
a long-term series was conducted over 18 months,
consisting of 76 independent trials. The effect of the
HMP treatment on the root growth was significant
(p<0.05, Tukey-Kramer-test) in 35.5% of the trials and
in the meta-analysis of the series (-2.5%, p=0.004,
Tukey-Kramer-test). However, the effects of HMP
fluctuated strongly between single trials (from -32.7%,
p<0.0001, to +17.7%, p=0.005, compared to control).
In a second series with 38 trials a different HMIP was
investigated with similar results. Comparison of sta-
tistical models provided significant evidence (p<0.05,
likelihood ratio test) of a growth-stabilizing effect
of HMP.

(2) The influence of four test factors was investigated:
(i) water volume in the bags, (ii) geotropism distur-
bance, (iii) exposure to light, and (iv) cultivation me-
dium. The interactions of the HMP dose factor with
all investigated test factors were significant. HMP
effects on the root length compared to the Control
were maximal (i) at water overdoses (up to +4.2%,
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p=0.0008, n=4), (ii) at geotropism disturbances (up
to +9.5%, p<0.0001, n=8) and (iii) with neon light ex-
posure (up to +11.6%, p<0.0001, n=6). The results
indicated a compensatory HMP effect under stressed
conditions (water overdose, geotropism disturbance)
and a synergetic effect under neon light exposure.
Regarding the influence of cultivation medium (iv),
screening experiments showed significant (p<0.05,
n=3) effects for well water and for three of the 12
investigated mineral waters. In additional long-term
series, the HMP efficacy was stable only in well water
(+4.9%, p<0.0001, n=14).

Conclusion

We conclude that (1) the bioassay used in the present
study was sensitive for detecting the effects of HMP
atdoses that are relevant for practical applications; (2)
these effects are highly dependant of the investigated
test factors. The growth-stabilizing mode of action
is likely a stimulation of the plant’s adaptability to its
environment, increasing plant resilience and self-reg-
ulating processes. Further research is necessary to
improve and standardize the test design.
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The present investigation focused on alternative
herbs and materials such as glass, mud pots and
plastic containers for the production of cow horn ma-
nure and periodically evaluated their physicochemical
properties, biochemical properties and microbiologi-



cal properties. Biodynamic preparations regulate the
biological processes and strengthen the life forces on
the farm. Five herbs such as yarrow (Achillea mille-
folium), chamomile (Chamomilla officinalis), stinging
nettle (Urtica dioca), oak bark (Quercus robur), dan-
delion (Taraxacum officinale) and valerian (Valeriana
officinalis) used for BD preparation (BD502 — BD507)
are grown only in tropical regions and processed for
the formulating the herbal preparations.

The study identified of alternative herbs having sim-
ilar active ingredients, functions and available in the

tropical regions will have significant contribution in

biodynamic agriculture in India. The locally available

weeds having similar medicinal properties were

identified as the alternative herbs such Aerva lanata,
Tridax procumbens, Tragia involucrate and Casuaring sp.
and utilized for preparation of BD alternative herbal

preparation (BDA502-BDA505). The BD alternative

herbal preparations were analyzed for their physi-
cochemical properties, biochemical properties and

microbiology properties. Effect of different manure

(BDC, Non-BDC, BD500 manures (prepared with al-
ternative source and vessels), BD preparations and

chemical fertilizers) on growth of Lycopersicon esculen-
tuswere investigated and consolidated. The influence

BD 500, FYM, chemical fertilizers soil treatments and

untreated control studied on yield of ground nut (Ara-
chis hypogea L.).

Ten to twelve locally available biodynamic manures
such as biodynamic compost (BDC), cow pat pit (CPP),
BD500, biodynamic herbal preparations (BD 502 — BD
507) and organic manures such as vermicompost,
panchakavya, coir pith compost, and farmyard ma-
nure were periodically obtained from certified Preps
makers across India. The physicochemical, biochemi-
cal properties (protein, total sugar, humic acid, prote-
ase, cellulase, invertase and alkaline phsphatase) and

microbiological studies (total bacteria, Azospirillum,
Azotobacter, Rhizobium like colonies, Actinimycetes
and fungi properties in these manures were evaluated.
Prepared biodynamic compost heaps inoculated with
biodynamic herbal preparations (BD502-BD507) and
studied the compost maturity and status on nutri-
ents. The Non-biodynamic (Non-BDC) and biodynamic
compost (BDC, BDCV-II and BDCV-I) was further an-
alyzed for its extracellular enzymes such as cellulase,
invertase, protease and alkaline phophatase. Re-
ported a significantly high levels of cellulase activity
(398.15, 334.12 and 302.71 pg glucose released from
compost g-1 24h-1) and protease (421.10, 438.30
and 400.0 pg tyrosine released from compost g-1
2h-1) were recorded at 120th day and 105th day of
BDC, BDCV-Il and BDCV-I. Significant amount of IAA
(196.38 g 100 g-1) and ABA (99.63 pg 100 g-1), GA
(67.93 pg 100 g-1) in 150th day and zeatin (66.86 pg
100 g-1) in days 120th day were recorded in the BDC.
Prepared Cow horn manure (BD500) with lactating
cow horn, filled with cow dung in the horn, buried
under soil for 4 month and periodically evaluated
its physicochemical, biochemical and microbiological
properties. The cow horn manure contained highest
amount of nitrogen (2.08, 2.12 and 2.17 %), recorded
on 90th 105th and 120th day, whereas the phospho-
rus (0.64 %) and potassium (0.47 %) contents were
high on 90th day.

Conclusion

Based on the above scientific investigation on e can
utilize alternative herbs and materials for the produc-
tion of biodynamic manures and also observed their
efficacy on growth of selected plants. Moreover, the
final products obtained from the alternative Preps
such as mud horn manures and BD preps were eval-
uated for its properties and also its efficacy”
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Research question

The biodynamic farming method is being practiced
mainly for crops like tea, coffee, mango and some
vegetables by large scale farms in India. However, the
biodynamic agriculture practices are still not practiced
by small scale resource poor farmers in India. In culti-
vation of rice under biodynamic agriculture package of
practices is a prime important for the country. Hence,
the present study has been focused on cultivation and
assessmentin rice under 3 different farming systems
such as organic, biodynamic and conventional in 2
different agro-climatic zones of Tamil Nadu, India.

The first part of the study dealt with collection and
analysis of existing organic and biodynamic manures.
The production of two different manures such as cow
horn manure (BD 500) and cow horn silica (BD 501)
were utilized and formulated as package for rice cul-
tivation. The raw materials ingredients and the har-
vested matured manures (BD 500 and BD 501) were
periodically analysed for their physio-chemical and
microbial properties. Second part of the study focused
onisolation and screening of silica solubilizing bacte-
ria from BD manures and studied the bio-pesticidal
& antimicrobial properties and microbial diversity of
cow horn silica manure. Third part of the study dealt
with the dosage optimization of both BD 500 and BD
501 manures for rice cultivation under field condition
by following factorial randomized block design. Final
part of the study focused to evaluate the efficacy of
biodynamic practices on growth, productivity and
quality of rice crop and was also compared with other
organic and chemical method of practices.

Research Methodology

The experimental work has been accomplished care-
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fully and the methodology reported clearly on collec-
tion of commercially available organic and biodynamic
manures and characterized its physico-chemical and

microbial properties. She has also produced cow horn

manure (BD 500) and cow horn silica (BD 501) and

characterized its physico-chemical and microbial

properties at various time scales. She has further
formulated cow horn manure (BD 500) and cow horn

silica (BD 501) as field sprays and assessed the micro-
bial diversity of BD 500 and BD 501 through metage-
nomic analysis. The effect of different concentrations
of cow horn manure and cow horn silica manure in

rice crop cultivated under field conditions were also

evaluated by her. The influence of biodynamic agri-
culture practices on the productivity of rice cultivated

under 2 agro-climatic zones of Tamil Nadu were con-
ducted and evaluated the nutritive, physical, milling
and cooking properties of rice grains collected from

different farming practices. Throughout the studies
triplicate were maintained for each experiment. The
data in the experiments were analyzed statistically
using SPSS software package. The results of these

studies are consolidated and discussed with appro-
priate literature in the present study.

Through the present study the authors have collected
14 different commercially available organic and bio-
dynamic manures and determined its physico-chem-
ical and microbiological properties. The time scale
studies on production and characterization of cow
horn manure (BD 500) and cow horn silica (BD 501)
manure revealed that the BD manures were rich in
microbial diversity, primary, secondary and micronu-
trients. Based on the properties, BD 500 and BD 501
were harvested on day 90 and 120 respectively. The
cow hornsilica exhibited pesticidal activity. Microbial
diversity of both manure such as BD 500 and BD
501 were determined through metagenomic and next
generation sequencing analysis techniques.

The influence of biodynamic manures on the pro-
ductivity and quality of rice was assessed under 2
different agro-climatic zones of Tamil Nadu. The



experiments were conducted at 2 organic farming
practicing farmers' fields in Ariyanoor Kancheepur-
am District (North-eastern zone) and Kadavur, Karur
District (South zone) of Tamil Nadu, India respectively,
using the optimized dosage of BD500 and BD501.
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The presentinvestigation has been taken up to study
the carbon sequestration in existing orchards and
agroforests managed by organic, bio-dynamic and
conventional agricultural practices. The study further
focused on the soil organic carbon sequestration as
influenced by different agronomic practices and sea-
sons in two different agro-climatic zones. Based on
the study the highest total organic carbon (TOC) was
recorded in soil maintained under organic (0.6 to 1.5 %)
than conventional orchards (0.47 to 0.76 %) in south-
ern zone. Similarly, in high altitude zone the highest
organic carbon was recorded in orchards maintained
under organic practices (4.03 to 5.39 %) than conven-
tional orchard system (3.21 to 4.26 %). In case of dif-
ferent seasons, the highest carbon recorded in winter
(January-2014) compared to summer (May-2014)
and monsoon (September-2014). In southern zone,
the highest standing biomass, carbon and equivalent
CO2 was recorded in organically managed orchard
(378.46tha-1, 189.23 t ha-1, 694.48 t ha-1 respec-
tively). Similar results were also observed in orchards
of high altitude zone (TSB-150.09 t ha-1, TSC-51.03
t ha-1 and equivalent CO2 -187.29 t ha-1). Bacterial
diversity in soils of Pear orchards with different ag-

ronomical practices were analysed by culture inde-
pendent methods. The high-throughput sequencing
technology was employed in this study for the anal-
ysis of variations in soil bacterial diversity of three
soil samples maintained under Biodynamic (sample
1), Conventional (sample 2) and Organic (sample 3)
agronomic practices. The results revealed that the
phyla such as Proteobacteria (50.9 %), Acidobacteria
(18.6 %) and Verrucomicrobia (8.7 %) are commonly
distributed but the relative abundance is different
among three soil samples. The highest diversity was
observedin sample 1and 3 (13194, 10857) compared
to sample 2 (12235) through alpha diversity analysis.
The diversity of sample 2 was slightly different from
sample 1and sample 3 whereas sample 1and 3 was
overlapped to each other which indicates its diversity
are similar through beta diversity analysis. Further
the relative abundance of bacterial species was also
analysed deeply in this paper. The soil samples were
collected periodically for upto 3 years. The organic
carbon in soil from each treatment at different in-
tervals and depth were collected and analyzed. The
soil samples collected during January-2014 and 2015
were recorded high carbon content than the soil sam-
ples collected during May-14 and September-2014.In
all the seasons among eight treatments, the highest
carbon content was recorded in intercropping plots
compared to non-intercropping plots. The highest
organic carbon was also recorded in Organic and Bio-
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dynamic practices along with inter cropping in all the
seasons. Based on this study, the organic carbon con-
tent was recorded high in organic and biodynamically
managed plots and also observed adequate nutrients
except some of the micro nutrients such as Fe, Mnand
Zn. Triplicates were maintained for each experiment
of the current research work. Data were analyzed
statistically using SPSS package and presented.

Conclusion

Based on these studies, the carbon content was grad-
ually increased from 5 to 20 years of all the orchards
and agroforests system. The organic orchards found
to have highest organic carbon than conventional or-
chards in both south and hilly zone. In case of different
zones, the hilly zone recorded high organic carbon
content than in the south zone orchards. The highest
CA enzyme producers are P. aeruginosa, C. freundii
and P. fragi among seven bacterial cultures tested
for CA production and the quantification of esterase
activity and the bacterial growth in the LB broth were
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positively correlated with each other.
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Research Question

Elm mistletoe has been used as cancer remedy since
1952, after mistletoe-bearing elms had been found in
France (Leroi 1952). A specific therapeutic potential
for elm mistletoe extracts (Iscador Ulmi) has been
observed for the treatment of bronchial carcinoma
(Wilkens & Mandera 2012). In order to meet rising
pharmaceutical demands on a long-term basis, the
cultivation of elm mistletoe was initiated in 1976,
based on vegetative propagation of mistletoe recep-
tive elms, based on vegetative propagation of mis-
tletoe receptive elms by root cuttings (Grazi 1987).
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During the same period, Dutch elm disease (DED)
began to affect elm trees all over Europe (Nier-
haus-Wunderwald & Engesser 2003). At the end of
the 20th century, known natural elm mistletoe had
been almost completely eradicated. First effects
of DED on cultivated mistletoe-bearing elms were
observed in 2007, and meanwhile 90% of cultivated
elm mistletoe stocks have been damaged. In order to
guarantee elm mistletoe supply for remedy produc-
tion, new strategies were developed: Additionally to
intensified care and pro-active protection of surviving
mistletoe-bearing elms, the generative propagation
of mistletoe-bearing elms was developed.

Oneinstrument to improve the resilience against DED
was to apply biodynamic (BD) preparations 500 and
501 on surviving and newly raised mistletoe-bearing
elms. Because elm mistletoe meanwhile is exclusive-
ly harvested from cultivated sites under controlled
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conditions, it was possible to examine influences of
BD treatment on pharmaceutical mistletoe products
with picture forming methods.

Research Methods

On sites near Dornach (Switzerland), where elm mis-
tletoe has been cultivated since 1980, horn manure
spray preparation (BD 500) was applied in March
2011. Selected mistletoe-bearing elms (= type A =
frequent BD treatment) received additional BD 500
application in April and May 2011. Horn silica spray
preparations (BD 501) were applied on these elms
(type A) two weeks before the harvest of summer
mistletoe in June and in October, i.e. six weeks before
winter mistletoe harvest. In comparison, selected
mistletoe-bearing elms of type B (= rare BD treat-
ment) did not receive any BD 501 application and
only one BD 500 application in March.

Duplicate samples were taken for type A and type B
treatment from a) summer mistletoe extract (SuEx),
b) winter mistletoe extract (WiEx) and c) Iscador Ulmi
(active substance = SuEx and WiEx blended on a spe-
cific device; see Baumgartner et al. 2014). Samples
were blinded and examined with capillary dyna-
molysis, round image chromatography and copper
chloride crystallization; differences were described
qualitatively.

Results

The 12 encoded samples could be correctly grouped
(SuEx, WiEx and Iscador) by means of capillary dy-
namolysis and round image chromatography. Within
the three groups, the samples could be correctly al-
located to frequent BD application (type A) and rare
BD application (type B).
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Copper chloride crystallization generated poorly dif-
ferentiated images for SuEx and WiEx samples that
did not allow differentiation of frequent (A) and rare
(B) BD application. In contrast, highly differentiat-
ed images for Iscador samples allowed to identify
differences between frequent (A) and rare (B) BD
application. These were comparable to differences
found between hand mixture of summer and winter
mistletoe sap versus blending of summer and winter
mistletoe saps on the Iscador-specific device.

Conclusions

Frequent BD application on mistletoe stocks seems
to enrich the inner quality of the active substance
(Iscador) in similar ways as blending summer and
winter mistletoe saps on the Iscador-specific device.
Synergistic effects can be hypothesized.
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Static pile composting has advantages over tradi-
tional techniques, such as reduction of energy and
costs, because of the turning reduction. The efficient
composting techniques associated with the biody-
namic preparations (BP) (as the fundamental basis
of biodynamic agriculture) develop the sustainable
agriculture and conscious care of the environment.
In the present investigation Opuntia ficus-indica
(prickly pear) and Moringa oleifera (Moringa) were
used as main substrates for static pile composting.
The experiment was carried out under a completely
randomized factorial design. Four treatments were
evaluated, combining main substrates and BP in-
clusion: T1 (Prickly pear+BP), T2 (Moringa+BP), T3
(Prickly pear) and T4 (Moringa). Compost piles were
constructed according to C:N ratio 20:1and moisture
60%. Passive aeration was promoted by PVC pipes
horizontally placed at the bottom of the piles and
holed each 10 cm. Pile dimensions for all treatments
were 1.3,0.85and 2.5 m of width, height, and length,
respectively. Moringa and prickly pear wastes were
chopped up to obtain 5-10 c¢m (used in the bottom
layer in order to increase aeration) and lower than 5
cm pieces (used in the middle and top layer to pro-
mote decomposition and mineralization). The BP were
added in a proportion of 2 g of each solid preparation
(502-506) and 5 mL of the liquid one (507) for each
pile. The values of physical, chemical and biological
parameters that were measured through the time
(temperature, pH, EC, moisture percentage, OM, TOC
and microorganisms) were analyzed by the selec-
tion of nonlinear regression models with criteria of
the highest determination coefficient (R2). The data
obtained of each variable (total of 16) in the differ-
ent sampling points were subjected to an analysis of
variance (ANOVA). A principal components analysis
was performed to relate variables with treatments.
Mean comparison was performed using orthogonal
contrasts and Tukey honestly significant difference
test (p< 0.05). Data were analyzed during the active
period (100 days), based on the microorganism ac-
tivity and temperature stabilization.

The temperature during the first 5 days showed a
maximum increase of 58°C. The temperature of
the bottom layer in all treatments was significantly
lower than the upper layers during the first 40-50
days. It showed the efficiency of the aeration method
(passive) to promote the bacteria and yeast/mold
growth, reaching maximum values about 1.69x108
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and 6.77x109 UFC, respectively. Moreover, it showed
not to be necessary the turnings to aerate the system.
The temperatures obtained in each pile showed opti-
mal values as human pathogenic bacteria controlling.
Different investigations demonstrated that at 50°C
E. coli and Salmonella enteritidis were inactivated,
although it not only depends on temperature, but on
the moisture level and nature of the material.

For those variables measured through the 100 days
period, quadratic and cubic regression models were
adjusted to data.

The significant interactions of the evaluated factors
(BP inclusion and principal substrate) showed in
general, higher temperature and mineralization in
compost with BP and prickly pear. In case of the main
factor -BP-, significant difference was found for the
variables bacteria and C:N, where the treatments
including BP showed the maximum values. For the
main factor -substrate-, significant difference was
found for MO, C:N and hydrogen, where prickly pear
treatments showed the maximum values. For the
case of Mg and yeast/mold no significant statistical
difference was found.

Through a principal component analysis, the first
component (61.77%) showed a correlation between
bacteria, temperature and C:N, associated with T1, in
addition to the correlation between N, P, K, Ca, Cu, Zn,
Fe, and Mn, associated with T4. The second compo-
nent (27.01%) showed a correlation between yeast/
mold, OM, Mg and humidity, associated with T3.
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In the early period of biodynamic agriculture the
application of foxglove extract (Digitalis purpurea)
in combination with potash magnesium fertilizer
was a common practice. This was recommended
by Rudolf Steiner in before he held the ‘agricultural
course’(1924). The extract of this strong medicinal
and poisonous plant should bring life to the mineral
fertilizers. In the search for sustainable strategies
of fertilization and quality assurance in biodynamic
plant production a long term fertilization trial was
conducted between 1997 and 2009. The trial a site
had a known potassium deficiency and was located
on the farm ‘Dottenfelderhof’ in Hessen, Germany
with a 12 year crop-rotation. The goal was to deter-
mine the fertilizing effect of potassium magnesium
in comparison to rock dust and to examine the effect
of additional foxglove-extract.

The trial had a two factorial split-plot design with fer-
tilization as first factor: 1. control without treatment,
2. patassium magnesium, 3. orthoclase, 4. basalt
dust; and the treatment with or without foxglove
extract as second factor. Fertilizer was applied within
the crop rotation only to root crops and to Alfalfa-
or grass-clover ley at 400 kg K/ha. The treatments
with foxglove-extract (10%) were applied with the
fertilization (200 I/ha, 6.5%) or in combination with
the bio-dynamic spray-preparations 500 and 501
(150-200 I/ha, 0.1%).

The results show that in fertilization variants only
the potassium magnesium showed a high efficiency.
Rock dusts were mainly ineffective. The measured
nutrient extraction verified the effectiveness of pot-
ash magnesium application in the case of potassium

deficiency.

During the trial period the application of foxglove-ex-
tract resulted in a significant increase of yield (4%-6%)
in case of cereal straw and field forage (vegetative
growth) in seven of nine years. All investigated ele-
ments had higher uptake rates when foxglove-extract
was used. Also quality parameters e.g. development
and stability of vitamin C was significantly improved
(13%). Additional effects of foxglove are a normalis-
ing effect that is also known from other biodynamic
preparations. In case of oats an interesting interde-
pendency between fertilizer and foxglove was ob-
served: low emergence rates were increased and high
rates were reduced.

As conclusion it could be shown that foxglove-ex-
tract improved the nutrient uptake of plants and
the metabolic processes in the plant and between
plant and soil. Because of its high medicinal effect
foxglove-extract can support the other biodynamic
preparations. Concerning fertilization treatments the
results confirmed the high importance of potassium
application for yield, nutrient uptake and plant health
in case of potassium deficiency.
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Green agriculture, which has strict limitation for uti-
lization of chemical fertilizer and pesticide, becomes
popular in the past decade. It is an important step in
agriculture development to encourage the application
of organic fertilizer and reduce the chemical fertilizer
use in China. However, green planting achieved limit-
ed effect on soil activity development and structure
reestablish, because of improper use of organic fer-
tilizer, inadequate soil conservation, and excessive
pursuit of yield capacity. In contrast, field experiments
were carried out with biodynamic farming to improve
soil activity and increase the productivity of green
agriculture crops. Three economic crops, three fruits,
and two planting methods were selected in this study.

Three kinds of economic crops were cucumber, egg-
plant, potato. And three kinds of fruits were apple,
cherry, grape. The cucumber, eggplant, potato and
one group of grape were planted in greenhouse; and
the apple, cherry and another group of grape were
open-planted. CPP, 500, 501 were prepared followed
Demeter method. The application method of the
preparations was designed as follows: the first time
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to apply CPP+500 was around germination stage; the
second time to apply CPP was two weeks before the
flowering period of the crops or the fruiting period of
the fruit tree; the third time to apply CPP+501 was
on fruit maturity stage. Cucumber was treated with
CPP every three week during the fruiting period. The
specific CPP, 500 and 501 application was following
the biodynamic sowing and planting calendar.

Experimental data confirmed that the biodynamic
farming has a significant effect to enhance the corps
and trees growth. The average yield improvement
of cucumber, eggplant, potato, apple, cherry, grape
were 38.32%, 22.41%, 17.22%, 16.09%, 24.41%, and
16.66% separately. Sugar content enhancement of
apple, cherry, grape were 33.31%, 11.02%, and 14.73%.
The pest and disease threat was under great control
also in these experiment. Meanwhile, cucumber ex-
periment confirmed that the sustainable effect of CPP
treatment was around 25 days. CPP has significant
antagonism with industrial humic acid, fulvic acid
and auxin. And this antagonism varies according to
the crop. Therefore, it is necessary to strictly control
the mixed use of biodynamic technology and plant
hormones to prevent production reduction due to
antagonism.

Keywords: Biodynamic, CPP, Yield Improvement, Sus-
tainable Agriculture, Green Agriculture.
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Crop production is dependent on microorganisms for
maximizing productivity. This is largely because soil
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microorganisms perform important functions such
as nitrogen fixation, organic matter decomposition,
nutrient mineralization and solubilization, exploration,
absorption and transfer of nutrients to plants, for-
mation of humus, and improvement of soil structure.



Indeed, microorganisms are central to a healthy soil,
and functions needed for maximum crop productiv-
ity (Dick et al, 2001). More so, in organic cropping
systems, microbially mediated decomposition and
nutrient mineralization are central functions in the
crop management. Indeed, the systems rely on sound
management of soil organic matter to enhance the
chemical, biological and physical properties of soil
(Watson et al, 2002). Utilization of compost as a sail
fertility sustenance strategy has been widely accept-
ed as a sound practice in crop production systems
(Rynk 1992, He et al., 1995). The optimization of mi-
crobiological activities in organic and conventional
crop production systems is crucial to the realization of
optimum productivity of the soil. Field and pot experi-
ments were conducted to assess soil microbial activi-
ties, growth and vield of tomato varieties in response
to 4 rates of composted plant and animal residues.
The compost rates were 0, 5, 10 and 20 t ha™", and
improved Ibadan and Ibadan local constituted the va-
rieties. Fungi population, microbial biomass nitrogen,
cellulase and proteinase activities were significantly
higher (P< 0.05) at the rhizosphere of the local variety
than that of improved variety. This led to significantly
higher number of branches, plant height, leaf area,
number of fruits and less days to maturity in the lo-
cal variety. Furthermore, compost amended soil had
significantly higher microbial populations, microbial
biomass N, Pand C, enzyme activities, soil N, P and or-
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ganic carbon than control, butamendment of 20 tha™
gave significantly higher values than other compost
rates. Consequently, growth parameters and plant N
concentration significantly increased in all compost
treatments while dry matter yield and weight of fruits
were significantly higher in soil amended with 20 t
ha™. Correlation analysis revealed that microbial ac-
tivities at 6 weeks after transplanting (6 WAT) were
more consistently and highly correlated with growth
and yield parameters. It was concluded that microbial
activities could be optimized to improve the yield of
the two tomato varieties in through the application
of compost, particularly at 20 t ha™.
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Effects of use of biodynamic preparations on rainfall

Cleland Francis

Spirit of the Earth Farm, Anahola, Hawaii, USA, Fcleland@nitata.
com

Daily rainfall measurements are taken at our farm
since February of 2014. We also record the dates of
use of preparations 500 and 501 and barrel compost,
the last being made according to Peter Procter’s in-
structions in Grasp The Nettle. Previous experience
indicated that a significant rainfall, defined as .15
inches (approx. 4 mm) in a single 24-hour period, oc-
curred more frequently with prep use within 5 days of
prep use. We compared rainfall within 3, 4, and 5 day

windows after prep use with the set of all possible
measurements of the same length where preps were
not used for the time period March 2015 to January
2018. We had 45 observations with prep use. For 3
days, we had significant rainfall 49% of the time ver-
sus 44% without preps; 4 days 59% vs 52%; 5 days 69%
vs 58%. Additionally, average rainfall for the 3, 4, and
5-day periods was compared to the average rainfall
for 5-day period preceding the use of preps, although
this is not truly part of our research question. Rain
increased by .016 for 3 day, .018 for 4 day, and de-
creased by .004 inches for 5-day period. Additionally,
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since we have been using preps extensively during
the period in question, we have seen an increase in
annual rainfall (our “rainfall year” is February 19 thru
February 18, as we started measurements on Febru-
ary 19 2014) from 26 inches in 2014 to 37 inches in
2015, 38 inches in 2016, 44 inches in 2017, and for
the first 5 weeks of 2018 we have 13.6 inches, 50%
above the highest prior year to date.

While statistical tests could theoretically be applied,
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our position is that this is a census of rainfall data
rather than a sampling, and we are in no way suggest-
ing our farm is representative of a larger population
and besides would be a sample of 1 farm, so that a
statistical testis not appropriate for the data. As such
we submit this as an observation poster.
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Quality of Horn Silica preparation out of different raw material and

sheaths making
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Research question

Are there differences of quality in Horn Silica Prepara-
tion when using different raw material and sheaths?
How far can we appreciate those differences claimed
in the biodynamic literature by easy made tests?

Research method(s)

The paper circular chromatography test developed
by Pfeiffer (1984) (see also Restrepo & Pinheiro,
2011) was used with a total of eight different ways
of making the horn silica preparation they were bur-
ied between Spring and Autumn 20013 in Las Ence-
bras Farm (Pozocanada, Albacete): 1.- quartz flour
sheathed by common cane (Arundo donax); 2.- quartz
flour within a glass pot; 3.- quartz flour within a plastic
bag; 4.- milled industrial glass flour sheathed by a
cow horn; 5.- quartz flour as control (no sheathed not
buried), 6.- quartz flour within a clay pot; 7.- milled
industrial glass flour as control (no sheath not bur-
ied); and 8.- quartz flour sheathed in cow horn (501).
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The different combinations were chosen out of the
interest of the Con Respeto’s farmer learning com-
munity members involved and the stress was focused
mainly in whether that quite well-known test within
biodynamic literature could fit in our interest to see
a clear answer on this particular subject. No repli-
cates were carried out with the samples of each of
the eight variants tested. A simple box with control
of temperature and humidity was used. The testers
made the cromas with blind samplesin afirst analysis.

Results

By looking for extreme differences in pictures, sample
8(501) and 7 (glass flour control) showed the more
striking ones. A rather radiant and harmonic picture
with violet needles connecting from the centre to
the outer borders was shown up in number 8 ver-
sus a very amorphous darker violet grey colour with
concentric rings picture with no radiant needles at all
in number 7. Among those extremes, in a decreas-
ing gradient from the number 8 sample to the 7, we
found sample 1 (quartz sheathed by Cane) > 4 (glass
flour sheathed by cow horn) > 5 (quartz control) > 3
(quartz sheathed by plastic) > 2 (quartz in glass pot)
> 6 (quartz in a clay pot).

Conclusion

The paper circular chromatography developed by
Pfeiffer seems to be good enough to appreciate



visually differences of quality between horn silica
preparations using different raw material (quartz and
flour glass) and different sheaths. Showing up that
cow horn seems to be the best one among the several
used in this test. Outstanding differences were found
when using cow horn as sheath in comparison with
control samples based in both quartz and glass flour
what points out the key role played by the sheaths
proposed by Steiner in the proper making of biody-
namic preparations. Some training on reading those
kinds of pictures is necessary to understand the lan-
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guage of the images coming out, but methodology
is quite simple and the concentration in the reading
is good for training in all sort of morphological lan-
guages in plants, animals and landscapes to be deal
by farmers as well as by other actors interested in
landscape use and management.
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Essay of elaboration and application of biodynamic compost with addition

of clay and basalt
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The use of biodynamic compost has demonstrated its
efficiency in terms of biodiversity, soil fertility, yield
and quality of production, as well as in energy input
(Mader et al., 2002). In this trial, we tested if it could
even beimproved with the addition of other inorganic
components, in a small proportion, such as clay and
basalt (Florin, 2006; De Almeida et al., 2007).

A trial was established at the Las Encebras farm (Po-
zocanada, Albacete, Spain) to evaluate the benefits
of the addition of basalt and clay in different doses
(2, &4, and 10%) during the production of biodynamic
compost with cow manure and the 502 to 506 prepa-
rations. Six piles were established that corresponded
to the 6 treatments tested, including a control. The
compost analyzes shown that the addition of clay in
higher doses, as well as the combination with basalt,
generates a more mature compost, with greater cat-
ion exchange capacity and higher content of phos-
phorus and potassium.

Once the compost was elaborated, it was applied

differentially in a double plot that had had two prece-
dents, beans and sunflower, and on which a Khorasan
variety wheat crop (Triticum turgidum L. ssp Turani-
cum (Jakubz)) was established. In the test field, 36
elementary plots were marked, corresponding to 2
precedents * 6 treatments * 3 repetitions of each of
them. The effect of the diverse types of compost was
evaluated in the wheat harvest, assessing yield and
yield components. Some conclusions after ANOVA
analysis are: Compost with basalt produces higher
biomass and higher yield (both by number of grains
and by weight of grains). The compost with basalt and
clay, which contained more phosphorus and potassi-
um, produces a greater proportion of grain compared
to the total. (Few spikes, little straw and normal grain).
Compost with 4% clay presents the worst grain yield.
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Biodynamic preparations, greater root growth and health, compensation
for stress, and soil organic matter increases are linked

Goldstein Walter’, Koepf Herbert H, Koopmans Chris?

"Mandaamin Institute, W2331 Kniep Road, Elkhorn, Wisconsin
53121; USA; wgoldstein@mandaamin.org.

2Louis Bolk Institute.
Research question

Long term research trials in Germany, and Switzer-
land showed that use of biodynamic preparations can
have a beneficial effect on soil organic matter and
soil biological activity. A review of several European
trials led some authors (Raupp and Koenig, 1996) to
suggest that preparations can lead to compensatory
plant growth and yield under sub-optimal conditions.
Laboratory and field studies by the author in Europe
and the USA suggest that biodynamic preparations
can stimulate root growth. Are the effects of biody-
namic preparations on soil organic matter and yield
forrealandif so, do they have to do with greater root
production and root health?

Research method

This poster reports on experiments to determine
the effects of biodynamic preparations. A bioassay
with wheat seedlings tested effects of biodynam-
ic preparations on wheat seedlings (Goldstein and
Koepf, 1982). Research tested effects of biodynamic
preparations in the context of different crop rotations
in Washington State, USA (Goldstein, 1986). Research
was carried out to develop and test a new formula
for a compound preparation in Wisconsin, USA and
thisincluded laboratory and field trials (Goldstein and
Barber, 2005) This research compared various for-
mulations of compound preparations (Pfeiffer starter,
Thun Barrel Compost, Super-500, and the new nettle-
and-manure-based compound preparation).

Results

The bioassay with wheat seedlings showed stimu-
latory effects of herbal preparations on root growth
(Goldstein and Koepf, 1982). Research in Washing-
ton State showed increases in root growth of winter
wheat, microbial biomass, and soil organic matter
associated with the use of preparations (Goldstein,

34

1986). Research on the nettle compound preparation
showed that it increased root growth of maize and
root health, increased particulate organic matter, and
also exercised positive yield compensatory effects for
maize and wheat (Goldstein and Barber, 2005) under
stress condition years.

A review of the scientific literature suggests that
particulate organic matter often forms around roots
and thereby stabilizes organic matter in intermediate
turnover pools.

Conclusion

Our studies confirmed that biodynamic preparations
can stimulate root growth and cause positive yield
compensation under stress conditions. Positive ef-
fects of preparations on root growth were shown
by our above-mentioned trials and in the long-term
Darmstadt experiment (Bachinger, 1996). The extra
root growth that can be associated with the use of
certain preparations is hypothesized to increase soil
organic matter by increasing the pool of particulate
organic matter. The greater root production and root
health that can be associated with the use of certain
preparations is hypothesized to cause better growth
and greater yield under stress conditions.
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Equisetum arvense, P 508, plant protection activity from the lab to the field
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Overview

Horsetail, Equisetum arvense L. has long been known
in botanical folklore as having a preventive effect
on fungal plant diseases. The traditional hot water
extract from E. arvense has long been used by or-
ganic and biodynamic farmers (Marchand, 2017). £
arvense water extract is intended to be used as plant
strengthener and preventive treatment of pathogenic
fungi. In this way, we are presenting some papers
about the effect of the natural silica (silicic acid) used
for the control of powdery mildews and fungal dis-
eases in some cultures. E. arvense extract is a foliar
stimulator of natural defences and fungicide for use
as a spring post-emergence treatment in all culti-
vars of grapevine and apple trees. In literature, the
described mode of action would be based on the high
percentage of silica in the plant that works on lower-
ing the impact of moisture. Silicon would reduce the
effects of excessive water around plants that would
lead to fungus. It would act also as an activator of
plant defence mechanisms. Silicon (Si) is a bioactive
element associated with beneficial effects on me-
chanical and physiological properties of plants. Silicon
alleviates abiotic and bictic stresses and increases the
resistance of plants to pathogenic fungi. £. arvense
extract was also shown to possess a broad spec-
trum of a very strong antimicrobial activity against
all tested strains. The radical scavenging activity of
extracts significantly correlated with total phenolic
content. The antimicrobial tests showed that ethyl

acetate and n-butanol extracts inhibited the growth
of tested bacteria.

Plant extracts recipe

The decoction is processed as follows: 200 g of the ae-
rial part of E. arvensedry plant tissues are macerated
in 10 | of water for 30 min (soaking) and then boiled
for 45 min (Marchand, 2016). After cooling down, the
decoctionis filtrated with a fine sieve or more general-
ly with a stocking and then further diluted by 10 with
water. The solvent for extraction and preparation was
water (spring water or rainwater) and the pH was 6.5.
Decoctionis described in the implementing regulation
(EU, 2014) and a further “Report Review” is available
in EU pesticide database (Marchand, 2015).

Agriculture Uses as plant protection means

Field typical suitable concentration is 200 g of active
ingredient (a.i.) hI-1. The aqueous extract of horsetail
as decoction is intended to be used in fields for plant
protection on grapevines (Darnand, 2016) and apple
trees and vegetable gardening to control diseases
such as mildew, downy mildew and others caused
by foliar fungi such as Pythium and Alternaria spp.
Horsetail has long been known in the botanical tra-
dition, organic and biodynamic agriculture as having
a preventive effect on fungal diseases of plants. The
effect is based on the high percentage of silicain the
plant, which helps to reduce the impact of moisture.
Silica would reduce the effects of excess water on
plants that lead to the growth of fungi. E. arvense
decoction shows anti sporulation activity (Marchand,
2016). It would also be an activator of the defence
mechanisms of these plants.

Mode of action

Efficiency of P508 preparation is often tested in dif-
ferent trials, in vitro, in vivo and in campo. In vitro, we
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established that efficacy may be due to anti-sporulant
properties of the extract as germination of mildew
spores of may be temporarily stopped by addition
of the E. arvense extract (Marchand, 2016). In vivo,
treated foliar discs show protection from inoculation.
In fields (in campo), potential efficiency of P508 is
measured by the delay of mildew re-infestation in
vineyards (Darnand, 2016).
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Perfecting a new biodynamic stirring machine: Cosmophore

Massenot Dominique

Freelance Advisor, 42140 Chazelles sur Lyon, France,
+33608229578, dommassenot@wanadoo.fr

Wine producers interested in biodynamics are numer-
ous and looking for an equipment which is convenient,
unexpensive, easy to use and to keep in repair. They
don't have manual stirring in view, at least in a first
step.

In 2012, we put the idea in form, based on a mechan-
ical stirring in an egg-shaped container, inspired from
Viktor Schauberger's diagram.

After the first experimental device, different ma-
terials were tested. We selected copper (the most
used), stainless steel, food plastic, and glass fibre.
We started stirring osmosed water alone for an hour,
then we stirred horn manure in water coming out of
the osmoser.

A prototype was made in 2013 on the basis of:
— a 400 effective litres tank,

— a mechanical direct-drive motor-reducing
system,

— atriple blade (peripheral stirring and parabolic
vortex),
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— atemporizing reversing with power relay and
inversion delay, which has the advantage not
to depend on the filling-level of the tank.

A first test was done at Marc Guillemot's, when we
compared the glass fibre stirring machine with the
model Ecodyn present on the estate. Both stirring
machines were filled with the same volume of rain
water; the water was pumped and stirred alone, then
it was re-pumped to be stirred with horn manure.

Experiments in the field

From 2014 to 2016, we made a test on a vine never
treated in biodynamics:

— anew Guillemot parcel where we compared
both stirring machines (same applications of
spray preparations)

— 2 parcels in organic culture at Nicolas Mail-
let's, where we compared the passage of spray
preparations stirred with the Cosmophore to
a not biodynamic sprayed trial.

Since 2016, a new test has been done with the help
of Francois Duvivier, from the Marquis d’Angerville's
estate at Volnay, in 2 never biodynamics applied par-
cels (one black Pinot, one Chardonnay), each time with



untreated check, Ecodyn and Cosmophore modality.

Since 2017, a simplified trial has been settled on
temporary meadow at Loic Villemin's in the Vosges,
where we compared the application of spray prepa-
rations stirred with Cosmophore with one without
biodynamics.

The modalities were tested with the sensitive crys-
tallizations of Margarethe Chapelle but also with the
perceiving method of formative forces according to
Dorian Schmidt by Christine Sutter, then by Christelle
Verhaege.

With regard to the Volnay trial, the parcels were also
visited at random by vine growers and MABD ani-
mators.

Improving resin by incorporating homeopathy

Even if experimentation proved that the resin-fibre
material was neutral (glazing during polymerization),
it doesn't have the qualities of something natural.
After having heard José Martinez's paper on the Pneu-
matit method, which consists in using homeopathy
with concrete, we tested incorporating it in resin
when we made the tank.
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Several formulas were tested in the shape of tritura-
tions in D6 and the best results were obtained with
the blend of limestone, clay, silica, silver, mercury,
copper, gold, iron, tin, lead; it gathers the earthly sub-
stances having the most powerful impact on plant
life and metals associated with solar system planets.

The first Cosmophore stirring machines incorporating
homeopathy were made at the end of 2017 and will
be followed-up in 2018.

Results and prospects

The various experiments show that several types of
stirring machines can give good results. The evalua-
tion of the quality of the dynamization at the outgoing
of the tank is quite predicting of its efficiency on the
plant. The sensitive crystallization method is rather
discriminating, but the direct approach in the field of
the subtle forces allows a better differentiation of
the dynamizations.

Incorporating homeopathy in resin changes com-
pletely the energy surroundings of the tank. We will
start a comparative experiment with manual stirring
in 2018.

Influence of biodynamic yarrow preparation on radish under different fer-

tilization levels of potash magnesium

Matthes Christoph’, Spiels Hartmut’

"Forschung & Ziichtung, Landbauschule Dottenfelderhof e V.,
61118 Bad Vilbel, Germany, christoph.matthes@dottenfelder-
hof.de, h.spiess@dottenfelderhof.de

The improvement of potassium availability of arable
crops under long-time biodynamic cultivation on po-
tassium deficient, potassium fixing soils has been an
important research question on the Dottenfelderhof,
Bad Vilbel, Germany. According to Rudolf Steiner a
biodynamic preparation from the flowers of com-
mon yarrow (Achillea millefolium) should support the
potassium absorption of the plant. In this trial, the
aim was to examine the impacts of yarrow prepara-
tion, by developing a potted trial and analysing the
effects on development, yield and nutrient content
of radish plants under different levels of potassium

availability in the soil.

Therefore, blind trials were conducted over a period
of 3 years (1998-2000) in a partly randomized two-
way factorial design of Kick/Brauckmann plant culture
pots (8L) with four to five replications.

The first factor was the fertilization with mineral pot-
ash magnesium for which increasing amounts of pot-
ash magnesium (30% potassium sulphate, 10% mag-
nesium sulphate) were added to a soil mixture of 30%
arable soil (sU, Dottenfelderhof) and 70% washed-out
sand. The second factor was the soil treatment with
and without yarrow preparation. Therefore, half of
the culture pots of each level of potash fertilization
received 1g of yarrow preparation per pot, while the
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other half of the pots stayed untreated. The prepa-
ration was added to the soil at 10 cm depth in the
middle of the pot one week before sowing the radish.
Further, the soil of all pots was treated with horn meal
and monomagnesium phosphate. But as the plants
showed symptoms of nitrogen deficiency under this
treatment, the basic fertilization was doubled to 1g
N and 0.8g P per pot.

For the trial, 80 seeds of the radish variety "Sora” were
sown to each culture pot. The plants wereisolated to
20 plantsin 1998, and to 19 plants in 1999/2000 and
harvested 6 weeks after sowing. The radish plants
were analysed on their dynamic of development,
symptoms of potassium deficiency, water usage and
leaf surface area, as well as yield. Furthermore, the
concentrations of K, Na, Mg, P and N were determined
for bulbs and foliage of the radishes. According to
the results yarrow preparation showed significant
effects in the culture pot trials. One effect was the
withdrawal of potassium, as well as increased K:Mg
and K:N ratio and also the leaves showed less distinct
symptoms of potassium deficiency. Another signifi-
cant effect was an increased water use efficiency and
germination rate, as well as length and size of the
cotyledon and leaf size. Furthermore, different forms
of yield gain were observed in bulb and/or foliage, as
well as changes in the bulb:foliage ratio.
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In conclusion the trial showed impacts of the yarrow
preparation on the growth of the radishes, as well
as interactions between the yarrow-treatment and
the potash magnesium fertilization. According to the
growth conditions, the yarrow preparation indicated
partly stimulating, partly regulating impacts on the
potassium appropriation as well as on the potassium
dependent processes of plant growth. As expected,
these processes were influenced by the potash mag-
nesium fertilization, but also by the yarrow preparation.
The effects of the yarrow preparation seemed to be

“usefully modified” corresponding to the given growth
conditions of the radish plants. The results indicated
aninfluence of the biodynamic yarrow preparation on
the regulatory system of the plant physiology.
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This is Really a Good Sign! The Earthworm Story

Mauger Marie

Spirit of the Earth Farm, PO BOX 416, Anahola, HI 09703, USA,
808-822-7899, mariemauger(@yahoo.com

Young Raphael knelt in the freshly turned soil. A
guinea grass root wad filled his lap. As he raked the
soil away from the roots with his fingers, he started
counting the earthworms.

Nearby brother Olie was knocking the soil off an-
other root wad with a shovel. The earthworm count
got to five and Olie took notice, “This is really a good
sign!” Then Olie got my attention, “Marie, Raphael is
counting earthworms. He's up to eight. THIS is really
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a good sign.”

The count continued and Olie got more excited with
each wiggling sign of life. When the earthworm count
got to twenty-two, Olie had loudly exclaimed seven
times, “This is REALLY a good sign!”

The children spontaneously counting earthworms
was a peak moment on the farm Twelve years ago,
the soils at Spirit of the Earth Farm were polluted with
pesticide residues from DDT. There was a pervasive
hard pan and not an earthworm in sight.

The area of the earthworm count had not been culti-



vated before. What caused this wonderful transfor-
mation of the soils?

The nine biodynamic preparations have been applied
to most of the 16 % acres of the farm several times a
year. Those who come to the farm to help are asked
to putlove into everything they see and touch in their
own way, to the best of their ability. Our “lead” Kukui
tree has been transmitting the biodynamic prepa-
rations “radionically” for many years. Gold, frankin-
cense, and myrrh have been applied in January for
seven years as an invitation to the nature spirits to
feel welcome on the farm. While tending the gar-
dens, golden rays are invoked to stream through the
soil from Christ's mystical sun globe in the interior of
the earth. A portal to communicate with the angelic
realms has been integrated into the Kukui council of
trees by burying precious gems in the form of a star
octahedron.

Whatever caused the change in the soils at Spirit of
the Earth Farm, the earthworms are happy. And, this
is REALLY a good sign!

Most farmers and gardeners know that the presence
of earthworms is a good sign. How earthworms ben-
efit the sail is fascinating. Their life cycle, how they
reproduce, move, and regenerate if not damaged too
severely are all equally as fascinating.

Earthworms’ benefit to the soil starts with a structur-
al design and digestive system extraordinaire. Earth-
worms are born to burrow. They chew fresh and old
roots which form the channels for their burrow, drag
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in larger plant material and manure as well as par-
ticles of sand, all of which move through a digestive
system which includes a gizzard. Their excretions,
which are called castings, are humus-rich and contain
minerals and nutrients which are readily available
to plants. The humus-rich castings also help form
aggregates that result in beautiful soil structure. Soil
aeration and drainage are both improved by the web
of channels earthworms create.

Ehrenfried Pfeiffer's assistant, Marjorie Spock, shared
in a letter, “that it took 3 weeks for the bd preps to
restore earthworms to his greenhouse soil after he
had dowsed it heavily with DDT. (He tried this as a
test.) The presence of earthworms in soil is sweet
proof of decontamination, for though DDT kills all but
the strongest worms “on impact,” those that survive
reproduce quickly.”

In the mid-west an experiment with crop rotation
was done. The old rotation was 1 year soybeans then
1 year corn. The experimental rotation was 1 year
soybeans, 1 year corn, 1 year red clover, and 1 year
alfalfa hay. The results are note-worthy. The earth-
worm count went from 18 thousand per acre to 1.3
million per acre! There was 97% pesticide reduction;
90% synthetic fertilizer reduction; and an organic mat-
ter increase from 2% to 6.5%.

The more we know about earthworms, their likes and
dislikes, the easier it will be to create conditions in our
gardens and farms which resultin happy earthworms.
Build it and they will come. This is an endeavour worth
pursuing.

A better balance in quantity and quality: scope for the use of OP varieties

bred for quality and taste

Nuijten Edwin

Louis Bolk Institute, Kosterijland 3-5, 3981 A) Bunnik, Netherlands,
+31(0)6 11014231, e.nuijten@louisbolk.nl

Currently, two trends in society are visible. One trend
is that conventional breeding increasingly focuses on
F1 hybrid breeding and the use of patents. Another
trend is that consumers, in particular organic con-

sumers, value product quality more and more. For
organic traders and farmers this means an alterna-
tive approach in breeding becomes more urgent: a
breeding approach that meets economic, societal and
nutritional values in a balanced way. The breeding of
open pollinated (OP) varieties has the potential to
meet these values, important for organic consumers.
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However, the choice of good OP varieties in terms
of yield, storability and uniformity is often limited as
the focus in plant breeding has been on F1 hybrids
for the past 40 years. In organic agriculture, good
taste and good nutritional values are also considered
important traits.

So far, breeding has focused on yield and storability.
However, some field trials on carrot and pumpkin
suggested there can be a negative relation between
storability on the one hand and taste and quality on
the other hand. It implies that varieties with good
taste are more difficult to store than the commonly
used varieties by farmers. An important question is
what can be done to improve the storage period of
vegetables with good taste and quality. One option
may be to look for varieties that have a good balance
in storability, taste and nutritional value.

To answer these questions field are conducted for
two years with three vegetable crops (pumpkin, red
cabbage and carrots) on two bio-dynamic farms with
different soils (clay and sand). For each of the crops,
three open pollinated varieties are compared with two
F1-hybrids. On each of the farms the trials were set
up with three replications and completely randomised
designs. On both farms, two harvest dates were ap-
plied for all three crops. Sowing, planting and har-
vesting dates on both farms were chosen as similar
as possible. Apart from general observations on crop
growth, the crop traits that were measured for anal-
ysis were yield (fresh and dry matter yield), storability,
taste (after harvest, mid storage and after storage),
and nutrient quality (dry matter percentage, Brix and
content of eight minerals). Tasting was conducted at
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the beginning of the storage period, half-way and
towards the end of the storage period. ANOVA and
correlations were used to analyse the results.

Results based on the first-year show that the in-
teractions for yield, storability, taste and quality are
complex and crop specific. Whereas for pumpkin a red
cabbage there is a negative relationship between dry
matter yield and storability, a positive relationship
was observed for carrot. Whereas a positive rela-
tionship of taste with, dry matter content and Brix
was expected, no clear correlations were found for all
three crops, which was expected given the negative
relationship between dry matter content and yield.

For each of the crops, no general patterns were ob-
served that were applicable to all crop varieties in
terms of change in taste during storage. For pump-
kin, varieties grown on sand tasted generally better
than from clay soil. For some varieties, however, taste
decreased on clay soil during storage, whereas not
for other varieties. For carrot and red cabbage, the
dynamics in taste development during storage were
more complex.

Some general trends were identified and will be tested
again this season. In general taste from crops grown
on sandy soil remained stable or improved during
storage, whereas taste from crops grown on clay
soil tended to decrease in taste more easily. However,
storability from crops grown on sandy soil tended to
be less compared to clay soil. Another important as-
pectis that whereas fresh yield differed much among
varieties, differences in dry matter yield were much
smaller. This implies a different perspective on the po-
tential use of OP-varieties bred for quality and taste.

Improving soil fertility on biodynamic and organic farms with low stocking

densities or no animal husbandry?

Oltmanns Meike’, Zikeli Sabine®, Rieps Ann-Marleen?, Miller-Lindenlauf Maria®, Engler Barbara?,
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" Forschungsring e.\,, 64295 Darmstadt, Germany, oltmanns@
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2Universitat Hohenheim, Fakultdt Agrarwissenschaften, Zent-
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The aim of the EIP-AGRI project BRAVO in Baden-Wiirt-
temberg, Germany, is the investigation and evaluation

of various innovations to maintain and improve soil

fertility that are already in use on biodynamic and or-
ganic farms with low stocking densities or no animal

husbandry at all.

The project consists of four parts: 1) Evaluation of
existing practices (“innovations”) to maintain soil fer-
tility initiated by the participating organic farmers
(the "inventors") with low stocking densities or no
animal husbandry, 2) Field trial on the assessment of
clover grass-based fertilizers, 3) On-farm trials for a
better understanding of the innovations applied by
the inventors and 4) Knowledge transfer between
the “inventors” and other interested farmers (test
farms). The project includes an intensive networking
between the participating farms, farm advisors and
academic researchers.

The projects focus on ten farms (six Demeter and
four Bioland farms) that have already established an
innovation to improve soil fertility, and ten farms that
are interested in the adoption of these innovations.
Innovations include the use of clover grass-based fer-
tilizers (cut & carry of fresh clover grass biomass, and
silage mulching), methods of composting of organic
matter from the farm, the combination of new green
manures (including the application of fermented plant
materials) and modified soil tillage systems. The se-
lected innovations should be highly sustainable. The
purchase of organic and nitrogenous fertilizers should
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be as limited as possible. The ten “inventors” present
their practices for maintaining soil fertility in field days
to other interested farmers.

Ten test farms have the possibility to try out one or
more of these innovations on their farms from the
second year onwards. The test farms will be sup-
ported during the introduction of the innovations by
advisors and the “inventors”. A sustainability analysis
of the ten "inventor” farms will be carried out, which
includes elements of the life cycle assessment, a
humus balance and an economic evaluation. Based
on this, recommendations for the development of
the farms will be given by the advisors and the re-
searchers. A sustainability analysis in the 3rd year
will monitor the success of the farm development.

Field trial: The field trial focuses on clover grass

based-fertilizers that can be produced on-farm or
on neighbouring farms, resulting in higher N-fixation

and they can serve as transfer fertilizers for crops

with high nutrient demand, e.g. field vegetables or
maize. In the field experiment, different clover grass-
based fertilizers (clover grass silage with two different
application times, biogas residues from clover grass,
clover grass pellets, fresh cut-and-carry clover grass
biomass compared to composted manure, horn grit
and an unfertilized control) are assessed in potatoes.
The applied N for the different fertilizers is 100 kg ha
™. In addition, the carry-over effect of the fertilizers
to the following crop is assessed in summer wheat.

On-farm trials: The focus lies on fertilization with
compost, the use of green manures e.g. high density
seeding of field beans (Vicia faba) in vegetable produc-
tion and the use of fermented plant materials after
tillage of the green manures.

Soil fertility in organic farming systems under biodynamic management -
Design of a new long-term field experiment

Oltmanns Meike’, Matthes Christoph?, Stral3er Cornelius’, Spiels Hartmut?, Brock Christopher’

" Forschungsring e.V., 64295 Darmstadt, Germany, oltmanns@
forschungsring.de

2 Forschung & Ziichtung, Landbauschule Dottenfelderhof e.V.,

61118 Bad Vilbel, Germany

3 Software AG-Stiftung, 64297 Darmstadt, Germany

The success of crop production in organic farming
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systems is to a much larger extend dependent on
soil fertility than under conventional management.
Therefore, the interest in soil fertility management
has always been high in organic farming practice and
research.

It has repeatedly been shown that the integration of
animal and crop production on a farm provides the
best basis for the management of soil fertility, due
to the availability and the properties of cattle manure,
and due to comparably high shares of perennial le-
gumes in crop rotations that can be utilized as cattle
feed. However, it is today also clear that animal feed
production on arable land must be decreased for the
benefit of food crop production to feed the world’s
growing population. Even though grazing-based ru-
minant keeping on grassland may be extended as a
viable alternative, this means that the majority of
farms in the future will have to manage with a low
animal stocking rate, a lower availability of manure,
or without animals at all. Against this background,
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the recently established long-term field experiment
at Oberfeld farm (Darmstadt/Germany) explores the
potential of composted plant material from landscape
management as a substitute for animal manure at
different stocking rates between 0.2 and 1.0 LU cat-
tle ha™.

The LTFE at Oberfeld (est. 2017) is the second location
of the BoDyn LTFE on soil fertility in biodynamic farm-
ing systems. The location at Dottenfelderhof (Bad
Vilbel/Germany) has been established on a site with
K deficiency and, thus, includes K supply as a factor
in the experimental design, but not cattle stocking
rates. The experiment on K supply has been estab-
lished already in 1997, but the actual design has been
implemented in 2010. The link between the sites is
provided by two treatments that are established at
both sites, respectively (soil fertility management
based on cattle manure according to the average
stocking rate on organic farms 0.6 LU ha™ with vs.
without additional plant compost).

Effect of differently prepared horn-silica-preparations on yield and quality

of potato and spring wheat

Spiess Hartmut’, Matthes Christoph’

"Forschung & Ziichtung Dottenfelderhof, Landbauschule Dot-
tenfelderhof e.V., www.forschung-dottenfelderhof.de, h.spiess@
dottenfelderhof.de, christoph.matthes@dottenfelderhof.de

Usually the mineral silica is used for preparation of
the bio-dynamic horn silica. In the ‘agricultural course’
Rudolf Steiner (1924) proposed to use orthoclase as
well. In the present study the question of diverging
effects between these two substances was investi-
gated in field trials during three years (2010-2012).

In parallel, modified versions of the preparation were
tested, whereby the rock meal of grinded, medium
sized crystals was kneaded with soil, filled into the
horns and sealed with pitch (according to R. Steiner,
conversation note 1924).

The investigation was conducted in orthogonal field
trials in potatoes (2010) and spring wheat (2011,
2012). In five repetitions the following treatments
were applied: 1. Control (water), 2. Horn-silica, 3.
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Horn-silica-soil, 4. Horn-orthoclase, 5. Horn-ortho-
clase-sail. The preparations were sprayed multiple
times, at relevant times during plant development.

According to the results the potato variety GRATA
showed only little different reaction to the diverging
treatments. But a delayed flowering could be noticed,
caused by the treatments: silica, silica-soil and or-
thoclase-sail.

Concerning the fresh matter content, a deviation of

-5% could be noticed comparing the horn-silica treat-
ment to the control. This lead to a reduced nutrient
removal of phosphorus, potassium and magnesium
(-8t0 -12%). On the other hand, the slightest darken-
ing (oxidation) of the potato extract was observed in
these treatments, which is considered to be a positive
quality criteria.

The picture forming method' investigations showed



differences between the treatments by examining
boiled potatoes.

Regarding vitality and lowest aging of the tubers the
following ranking was observed: silica > silica-soil >
orthoclase > orthoclase-sail.

The trial conducted on the spring wheat variety
HELIARO® (2011) was affected by severe drought
during spring and humidity during seed formation.
As observed in the potato trial, flowering of the
spring wheat treated with Silica was significantly
delayed. Additionally, the silica treatment lead to a
reduced number of shoots, measured by a reduced
plant density of 8%. No effect on the yield was found
but application of preparations, in contrast to the
control, lead to reduced contents of the wet gluten
fraction, resulting in reduced total gluten yield. Sig-
nificantly reduced gluten yield of 13% was caused by
the silica treatment. Generally, an increased content
of carotenoids could be observed by the application
of preparations.

In 2012 on HELIARQO® effects of first treatment and
repeated treatment, grown from farm saved seeds,
were tested. Mainly differences between the treat-
ments with diverging minerals (Silica/Orthoclase)
were found. Treatment with orthoclase-prepara-
tions lead to a reduction of the nitrogen and lutein
content, compared to the control and to the silica
treatment. All preparation treatments lead to higher
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Stirring Bio-Dynamic Preparations

Stappung Walter

3075 Rufenacht, Switzerland, +41 31 832 62 68, www.duenger-
praeparate.ch/en/

The Preparations are an indispensable part of Bio-Dy-
namic Farming and Gardening. Stirring the Field
Sprays Horn Manure Preparation (500) and Horn
Silica Preparation (501) just before their application
(500 on the soil, 501 on the plants) is a vital activity
for Biodynamics.

Rudolf Steiner preferred hand stirring over machine
stirring. In the fourth lecture of his Agriculture Course

gluten indices what is considered to be a parame-
ter for improved baking quality. The sedimentation
values were reduced by the preparation treatments
but regarding the high baking quality values, this is
negligible. Application of the preparations, especially
of the orthoclase variants, led to increased values of
secondary plant compounds. This effect is pictured
by the increased carotenoid contents. The picture
forming method" analysis outlined the most positive
effect of the classical horn-silica-preparation.

In conclusion this experiment gave first evidences for
the differentiation between diverse modifications of
the biodynamic horn-silica/orthoclase preparation.
However, this differentiation and assessment of the
effectiveness of the variants is still in the very begin-
ning. But overall, the classical horn-silica preparation
showed to be most effective. Nevertheless, more at-
tention should be devoted in the future to biodynamic
preparations with orthoclase.
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he proposed to stir quickly at the periphery of the
vessel until a very deep crater is formed in the middle,
and then to change the direction in an abrupt way so
that it bubbles and seethes in the other direction. In
the following third answer, he insisted on intensive
mixing with an intimate permeation. Very often peo-
ple do not stir in such an intensive manner as Rudolf
Steiner proposed. The stirred quantities got larger
(Steiner stirred in a bucket), and the tools are not
always adequate.

In my book of 2017, | make some propositions for
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adequate tools. In many scientific publications, the
stirring tolls and methods are not or not exactly de-
fined. We need a common language to communicate
about the methods of stirring.

Here are some of my propositions:

1. For the description of stirring craters, | use the ter-
minology of vortex theory (Lugt 1979 / 1983):

1.1. Moving the water from the centre of the vessel
creates a potential vortex (like a tornado or a bathtub
outlet vortex). It has the form of an Y. The water in the
centre moves fast, the water at the periphery does
not move. The water moves in laminar flow. That can
even impede an intensive mixing.

1.2. Stirring near the centre of the vessel creates a
Rankine vortex: In the centre a rigid body motion, at
the periphery a potential vortex.

1.3. Moving the whole container and stirring at the
periphery of the vessel create a rigid body motion: The
whole mass of water is moving with the same revolu-
tions per minute. The crater in the water has the form
of a rotating paraboloid. Fast water movement as it
happens when we stir quickly at the periphery of the
vessel creates a rigid body motion with turbulence:
Every bit of water goes its own way. A drop of ink in
turbulent water spreads in all directions. In some few
seconds, the whole water in the vessel is blue like
the ink. Together with the turbulence of the intensive
bubbling and seething created by the abrupt change
of the direction, it produces an intensive mixture with
intimate permeation. Conclusion: That is exactly what
Rudolf Steiner wanted.

2. | make the movements of the water visible with
the help of transparent vessels of acrylic glass, ink
and little plastic dobbles.

3.1 give descriptions of six methods of ,hand stirring":
3.1 With the bare hand in the water.

3.1.1 Out of the wrist: For small quantities.
That also makes a very intensive bubbling.

3.1.2 Out of the shoulder joint or the elbow:
For larger quantities. Bubbling is not so in-
tensive as when stirring out of the wrist.

n

3.1.3 The combination of these two meth-
ods (Alex Podolinsky) has as effect a very
intensive mixture.

3.2 With a hearth brush or similar in one hand.

3.3 With a tool with a larger handle held with both
hands.

3.4 With tools on a vertical axe, moved by a crank.

3.5 With a suspended tool. That is a widespread
method which allows stirring of larger quantities.

3.6 Stirring more than one vessel:

3.6.1 With connected suspended tools. It is
ponderous.

3.6.2 One crank, six stirring tools in six ves-
sels: For scientific research, one person can
stir more than one preparation at the same
time. (Dr. U.J. Kdnig, www.Forschungsring.de)

Further research is needed. The importance of inten-
sive stirring was not a subject of research until now. To
that question, I can only tell my personal impressions:
Itis envigorating and it seems to make thinking easier.
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A key element of biodynamic farms is the protec-
tion and enhancement of biodiversity. As the global
awareness increases that farmlands can play a key
role in supporting biodiversity conservation — thereiis
aneed for synergies between the practice developed
on biodynamic farms and biodiversity conservation
on regional scale. The aim of this study is to identify
wildlife-friendly farming practices, which may be in-
corporated into Mediterranean agriculture. The focus
of the research was onidentifying scientific evidence
for the contribution of various agricultural practices in
Mediterranean climates. An additional aim is to iden-
tify knowledge gaps and directions for future research.
We conducted a meta-analysis of 119 agri-ecological
field studies, that were conducted in Mediterranean
climate areas, and included quantitative evaluation
of the influence of agricultural practices on the con-
servation of various taxonomic groups. The farms
under investigation were conventional, organic and
biodynamic. 17 biodiversity supporting agricultural
practices were identified. Fact sheets were construct-
ed: to identify agricultural practice requirements, the
taxonomic groups and the conservation goals affect-
ed by each practice, possible effects on agricultural

production (positive and negative) and the degree of
scientific evidence for the contribution biodiversity
conservation. The highest evidence base for biodiver-
sity conservation were for: hedgerows, cover crops
in plantations, preservation of natural patches in ag-
ricultural land and preservation of agricultural land-
scape mosaic. These finding illustrate in a practical
sense the biodynamic core value of farm organism.
Meaning, agricultural practices with spatial impact,
that integrate natural habitats with agricultural land,
have the highest scientific evidence for biodiversity
conservation — thus the farm organism, on a spatial
level, receives a scientific reinforcement.
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Humanity is facing an accelerated global change,
whose tremendous consequences will essential-
ly shape the next couple of decades. Soils are the
nexus of food, energy and water which makes them
key element to sustainable land management. The
challenge for farmers will be to find sustainable prac-
tices in times of growing resource scarcity and eco-
nomic pressures. The challenge for scientists will be
to evaluate these agro-ecosystems regarding their
sustainability, hence to find parameters that reflect
all significant, especially subtle, effects within this
complex socio-ecological system and to provide rec-
ommendations to farmers for strengthening soil and
farm resilience.

Resilience is often promoted to be a boundary con-
cept to integrate social and ecological dimensions of
sustainability. It is described as the capacity of a sys-
tem to cope with disturbances and maintain ecosys-
tem functioning. Therefore, resilience is a promising
parameter when it comes to evaluating sustainability
of soil management practices (Ludwig et al., 2018),
since it reflects both its highly interlinked ecological
and management components.
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In this study we try to evaluate the agro-ecosystem

resilience on the farm level, with special focus on

the farmer as the socio-ecological driver of local soil

resilience due to his individual farm management. The

farmin this context is considered as a systemic organ-
ism, with an own ‘farm individuality’ characterized by

the complex interplay of individual farming practices

and site conditions. Organic and especially biody-
namic farm management is assumed to increase soil

resilience actively by methods like the application of
biodynamic preparations, while conventional farming

rather maintains resilience passively by giving the soil

time to rest and restore on its own. We hypothesize

that a flexible and dynamic taking-over of few key

principles of organic farming to conventional farming
increases soil resilience considerably.

Therefore, a set of 32 organic/biodynamic and 3 con-
ventional farms in the Lake Constance region was
selected, representing a huge variety of farm types
in Germany, Austria, Switzerland and Liechtenstein.
These farms will be given financial support to real-
ize their individual concept of preserving soil fertility.
The application of their individual soil fertility mea-
sures will be accompanied by this study for the next
4 years. Effects on resilience will be evaluated by
merging existing methods from ecology and social
science. Methodological approach and first results
will be presented.
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Farm individuality is the central concept of biodynamic
agriculture and all practical measures are deduced
from it. This individuality is composed by all biotic
(plants and animals) and abiotic (earth and atmo-
sphere) elements of a farm. Rudolf Steiner justified
this concept by exposing the relations and corre-
spondences between soil, plants and animals (Morau
2018). The question is how this concept is related with
actual scientific concepts of biological individuality.

To answer this question, a literature review had been
conducted in fields of philosophy of biology and bi-
ology (including evolutionary theory, ecology and

physiology).

The concept of biological individuality is a major issue
in biology and philosophy of biology. Traditionally, a
biological individuality was considered as a spatial-
ly discrete living entity. However, the necessity of
physical continuity had been challenged as colonies
of social insects or symbiotic associated species had
been described as individualities (Wilson and Sober
1989, Queller and Strassmann 2012). In ecosystem
ecology, multi species individualities include abiotic
parts as well (Turner 2000, Bouchard 2009). These
concepts had been mainly developed in the evolution-
ary or physiological biology. In the last approach, the
individuality is considered as a functionally integrated
assemblage of biotic or abiotic parts (Bouchard 2009).
In this sense, abiotic parts like moulders of a termite
colonies are considered as physiological parts of an
“extended organism” (Turner 2000).

Rudolf Steiner described the farm individuality as an
assemblage of biotic or abiotic parts with a functional
approach as well. Indeed, this individuality is based
on physiological processes that correspond to human
physiology (“head” and “belly” processes). This compari-
sonis based on the unity between plants and animals as
the processes in the roots and aerial parts of plants are
related to those in the neuronal and metabolic system
of animals, respectively. Noteworthy, these correspon-

dences have recently been gaining in support through
advances in molecular plant biology showing that roots
are comparable to neuronal systems (Baluska 2009).

Therefore, the biodynamic approach considering a
global “farm physiology” can be considered in light
of the "superorganismal physiology” in the sense of
Turner (2000) and Bouchard (2009). The underlying
question is the same as in physiology: how hetero-
geneous components interact and constitute a cohe-
sive whole that persists through time. To answer this
question physiological concepts have been developed
that can be very useful to establish the corresponding
concepts for the biodynamic agriculture. For example,
the concepts “immunity” (i.e. the unity that underlies
the plurality and gives the cohesion of the whole)
and “homeostasis” (the coordinated physiological
reactions which actively maintain the stable state of
the body) are related with the agronomic concepts
“home advantage” and “resilience’, respectively.

In conclusion, the concept of farm individuality is re-
lated to concepts developed in physiological biology
and ecosystem ecology. These correspondences open
new ways to discuss, assess and develop this concept
in the agricultural science and practice.
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Bottle and Bolt Model: the eco-friendly concept for controlling crop losses

Singh Dheeraj

ICAR - Central Arid Zone Research Institute, India, http:/www.
cazri.res.in/

Today, one of the main global challenges is how to
ensure food security for a world growing population
whilst ensuring long-term sustainable development.
In recent years the number of wild animals migrating
to the agriculture fields due to degradation of forest
cover and overgrazing in the forests is increasing
day by day. The major drivers of this change include
food competition between wild and domestic cat-
tle, uninterrupted tree cutting and overgrazing. The
blue bull (Boselaphus tragocamelus Pallas) is biggest
Asian antelope and is one of the most commonly
invader in central and northern India. Crop raids by
blue bulls have been widely reported in all villages
adjacent to the forests and even beyond it. Such raids
do considerable damage to crops, vegetable fields
and orchards, sometimes ruining an entire harvest
in a single nightly event. Further, because of their
short gestation period and high reproductive poten-
tial, the population of blue bulls has exceeded over
carrying capacity of the natural habitats resulting in
their migration to crop fields. Their huge population
size started damaging the crops for filling their belly.
This crop damage gives the farmers major monetary
losses. The extent of crop damage has reached 50-70
% in India. Since according to the forest and wildlife
conservation act they come under the category of
conserved animals it is an offence to kill or harm them.
Blue bulls are very robust and they can easily cross
six to eight feet fence and even can uproot the wire
fencing by different ways. They dug the fence from
bottom and the male bluebull inserts its head in the
dug portion and by standing with the strength of its
shoulders uproot the entire fence. These blue bulls
come in groups at night, enter the field and damage
the entire crop by eating the soft and tender portion
of growing plants. if the plants are at early stage then
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the farmers can get some yield but if the attack is at
advanced stage the losses are up to hundred percent.
The bulls attack the field crops as well as vegetables
and orchards and the losses are really great. In some
cases the attack is at mature stage so that nothing is
leftin field to harvest. Generally they prefer different
crops like maize, mustard, gram, chillies, cauliflower,
cowpea, black gram, cabbage in the mature growth
stage while wheat, barley, potato, radish and pumpkin
in the early stages. On an average, an adult blue bull
needs 14 kg of dry biomass of palatable tree species
(420 kg per month). The annual economic loss to each
farmer is about Rs. 9,000 — 11,000 per year. To con-
trol this farmers are innovating different measures
and a very innovative method is bottle and bolt model.
In this method empty beer bottle is hanged from a
support maybe a tree and a long thread/rope is tied
very near to it with an iron bolt touching the bottle. At
the lower end of thread or rope is tied a light weight
cardboard or thick paper painted with silver lumines-
cent paint. When the wind or gentle breeze blows at
night the cardboard /paper moves back and forth
along with the wind. This forces the iron bolt to strike
to the bottle making a high frequency beating sound.
This sound covers a large area in open fields at night
forcing the wild animals particularly the blue bulls to
run away from the area. The painted cardboard/paper
also rotates very fast frightening the animals. If such
structures are placed all along the fields there is full
control of blue bulls and wild boars. Such an approach
is very successful in India and control of many other
wild animals is also possible. This approach can be
upscaled at many other countries in Asia, Africa and
Tropical America where the losses due to wild animals
are great. This is very cheap and ecofriendly method.
In one Dollar fifteen such models can be mounted.
This is very easy method and does not require any
technician or qualified person for its manufacturing
and mounting.
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Symbiotic relationship between wine plants and the grasssociety between

the lines

Buser Martin

IPREVITIS, Kihlackerweg 3, 4254 Liesberg, Switzerland, martin.
buser@vin-du-jura.ch

Research question

Is the quality of the organoleptic results of a wine
due to the ecological and symbiontical situation be-
tween the wine plant and the grass society between
the lines?

Research methods

Ina wine yard there are the wine plants plantedin an
area and the natural grass plant society.

1. The floristic enumeration of the plant species in the
wine yard gives us the biodiversity of the plant society
in relation to the geological site of the wine yard.

2. The wine plant sort, resistant or not, has an inti-
mate relationship between itself and the environment.
Determination of the symbiotic relationship. We com-
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pare different geological and geographical wine yards
with the same cultivation system.

3. The organoleptical result of the wine will deter-
mine the positive or negative relationship with his
environment.

Results

More the biodiversity is great and relationship be-
tween wine plant and his environment is natural,
more the wines growing there gives marvellous or-
ganoleptic results.

Conclusion

Wine plants and the grass plant societies have a nat-
ural relationship, wine plants phagocytes the grass
plant society to transform them to very rich biodiver-
sity societies. This relationship gives the possibility to
the wine plants to develop the marvellous aromatical
background for great biodynamic wines.

Tree-ring stable isotopes for reconstructing climatic and environmental
changes through time: a study on air pollution changes and potential ap-
plications in the quality assessment of agroecosystems

Leonelli Giovanni

University of Parma, Dept. of Chemistry, Life Sciences and Envi-
ronmental Sustainability, 43124 Parma, Italy, giovanni.leonelli@
unipr.it

The study of tree rings is the main subject of den-
drochronology, a scientific discipline that was first
described and defined in its main principles by the
American astronomer A.E. Douglass in Tucson (Ari-
zona) with his work in the field of archaeology (Dou-
glass, 1929). After approximately one century since
then, given its power in yearly dating the tree rings,
dendrochronology has greatly evolved in many fields,

becoming the main contributing discipline in conti-
nental climate reconstructions for pre-instrumental
periods up to the early Holocene, in the spatio-tempo-
ral reconstruction of environmental changes due, e.g.,
to geomorphological processes or to pollution events,
and in climate change impacts on forest ecosystems.

Traditionally the main parameter used is the ring
width and the analysis of site chronologies and of
growth changes, however in recent decades the study
of the chemical and isotopic composition of the cellu-
lose annually synthesized and progressively deposed
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in the annual rings, has opened new opportunities for
reconstructing past and ongoing changes occurred
in the environment around the trees (McCarrol and
Loader, 2004). Tree-ring stable carbon and stable
oxygen isotopes in the wood cellulose in fact direct-
ly reflect the physiological conditions of the trees
during the growing season, allowing to ‘read’' and date
information on the efficiency of the photosynthetic
process, on possible water stress experienced by the
trees, on their use of soil or ground water, and on
environmental changes occurred in the past or still
ongoing.

| here propose a case study recently revisited, about
the impact of air pollution on trees growing along
the Mt. Blanc highway, close to the Italian side of the
tunnel entrance (Leonelli et al., 2012). The highway
is often congested close to the tunnel entrance and
the vehicles passed from approximately 2 million (M)
per year in 1998 (with ~0.8 M trucks and buses) to
zero in the next three years because of the tunnel
closure after a dramatic car accident and fire occurred
in March 1999. Since 2002, the traffic has increased
again reaching ~1.7 M vehicles in the following de-
cade. With the aim of detecting possible signals re-
corded by the trees due to the occurred changes in
air pollution, together with other researchers | have
analyzed the isotopic signature of the tree-ring cellu-
lose in European larch (Larix decidua Mill) specimens
at three sites (one along the highway, the other two
as control sites) over the period 1985-2008. It was
possible to detect an absence of climatic signals in
the stable carbon isotope chronology for the trees
directly exposed to vehicles emission. Moreover, the
new analyses that | performed on the chronologies of
both the stable carbon and oxygen isotopes, clearly
show that in 1999 (the first year with no emissions
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during the growing season), the trees along the high-
way experienced an enhancement in photosynthetic
rates likely in relation to the absence of air pollution,
whereas the trees from the two control sites in this
year showed a year with no particular environmental
stress, with high stomatal conductance during the
growing season.

This case study underlines that tree-ring stable iso-
topes are highly sensitive to climatic and environmen-
tal changes: the possibility to detect changes in the
environment and to precisely date them, opens the
possibility to evaluate ongoing trends. Moreover, this
technique could be applied in the quality assessment
of ongoing environmental changes e.g. in farms pass-
ing or passed from intensive to organic agriculture (if
trees are present in the fields or in their vicinity), or
to evaluate and precisely date with annual resolution
the impact of past or recent soil/air pollution events
occurred in specific components of an agroecosystem.
Moreover, this technique can be used also with a
more traditional approach for assessing the ongoing
climate-change impacts on source waters used by
trees and on tree health and growth.
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Diversified farm: A perennial food basket in arid zone

Singh Dheeraj

ICAR - Central Arid Zone Research Institute, India, http:/www.
cazri.res.in/

The case study presents a precise review of Mr.
Madan Lal Deora, a progressive farmer of Pali, district
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of Rajasthan in India who had established himself as
asuccessful farmer adopting diversified farming sys-
tem. He had adopted multiple cropping and farming
system on his farm which is 2.5 hectare in area by



growing legumes, cereals, oilseeds, pulses, medicinal
plants and forest plants along with horticultural crops
including fruits and vegetables. The case study is an
excellent example where one can find more than 100
cultivated and natural species of plants growing in
close harmony supplementing each other. The crops
include wheat (Triticum aestivum), maize (Zea mays),
barley (Hordeum vulgare), oats (Avena spp.), jowar (Sor-
ghum bicolor), bajra (Pennisetum americanum), mustard
(Brassica nigra) and til (Sesamum indicum). In spices
one can find cumin, fennel, fenugreek and dill in fruits
the major plants are Drumstick (Moringa olerifera), Ber
(Zizyphus maurtiana), Mulbery (Ficus alba), Jamun (Sygi-
gium cumuni), Aonla (Emblica officinalis), Custard apple
(Annona squmosa), Gonada (Cardia myxa) and Fig (Ficus
carica). In vegetables the farmer is growing mint (Men-
tha Arvensis), spinach (Basella alba), okra (Hibiscus
esculenta), tomato (Lycopersicon esculentum), ginger
(Asarum canadense), red and green chillies (Capsicum
annum), carrot (Daucus carota), coriander leaves (Cori-
andrum sativum) and fenugreek (Trigonella). The farm
structure contributes to biodiversity, a diverse and
esthetically pleasing rural landscape, and open space.
In wild plants we can find Phog (Calligonum polygonoi-
des), Angreji babool (Prosopis juliflora), Bordi (Ziziphus
nummularia), Lana (Haloxylon salicorniourn),Bawli
(Acaacia jacquernontii), Gugal (Cornrniphora wighti),
Henna (Lawsonia inermis), Anwal (Cassia ouriculate),
Kair (Capperis decidua), Ber (Ziziphus nummularia) and
Kheep growing on the farm boundary. In general, we
can see an entire biosphere of the arid zone vegeta-
tion with cultivated plants in a small farm. The farm
embodies a diversity of cropping systems, of farming
systems, of landscapes, of biological organization,
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culture and traditions. The forested areas from which
wild foods, and leaf litter are extracted, the wood lot,
the farm itself with intercropping, agroforestry, and
large and small livestock, the fish pond, the back-
yard garden, allow for the preservation of hundreds
if not thousands of wild and cultivated species. Prop-
er management of the natural resources of soil and,
water, produces significant environmental benefits
for society. The benefits of farms extend beyond the
economic sphere. To begin with, Mr Madan utilize a
broad array of resources and have a vested interest
in their sustainability. At the same time, his farming
system is diverse, incorporating and preserving sig-
nificant functional biodiversity within the farm. By
preserving biodiversity, open space and trees, and
by reducing land degradation, the farm provide valu-
able ecosystem services to the larger society. Along
with agriculture the farmer is having livestock which
yields milk and the dung is converted into valuable
vermicompost. He had also turned himself into an
entrepreneur by processing and value addition to his
farm produce through a tunnel drier. The solar tunnel
dryeris a poly house framed structure with UV-stabi-
lized polythene sheet, where products on large scale
could be dried under controlled environment. The
enterprise consists of different value added products
of typical Indian fruits and vegetables including juice,
squash, candy, powder, pickle, dry aonla, churan tab-
lets, preserve and ladoos. All the products are purely
organic have high demand in the local and regional
market Thus this model of multifunctional small farm
which integrate crops, horticulture, livestock and nat-
ural vegetation is key to sustainable developmentin
countries dominated by small farms.

Innovative couple turning barren soil to productive land

Singh Dheeraj’, MK Chaudhary’, ML Meena’, Chandan Kumar', O P Yadav’

"ICAR - Central Arid Zone Research Institute, India, http:/www.
cazri.res.in/

In Jaitaran, a region in Pali India, Chain Singh and his
wife are running an organic arable farm. The farm,
around 20 hectares, is a family farm for many gen-
erations. The farm is located in a polder of reclaimed

clayey loam soil. On getting aware of hazards of the
impact of chemical fertilizers and pesticides on the
environment, Mr Chain Singh decided to go for organic
agriculture and convert the farm into an organic farm,
as organic certification is strictly controlled and has
clear criteria for certification. Besides their concerns
about the environment, he also undertook an oath to
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uproot (desi babul) Prosopis juliflora from his village
and surroundings as it has now turned to be major
weed covering vast areas. Today, they run the farm to-
gether and actively follow innovations in agroecology.
They collaborate with their neighbours by exchanging
knowledge, experiences, labour and machinery. Crops
are grown without the use of pesticides and chemical
fertilizers; therefore, crop rotation forms the basis of
the farming system. The crops are grownina 3-crop
rotation, which means that the same crop is grown
in the same field only once every three years. A very
unique crop rotation devised by Mr Chain Singh is
Wheat, Mustard, Cumin system in which mustard
residue acts as disease controller for the wilt and
blightin cumin crop along with good yield. In addition,
crops facing threats from the same or similar pests
are not grown in bordering fields or in a sequential
season in the same field. Also crops requiring high
nutrientinputs are not grown in sequence in the same
field. The main crops are green gram, clusterbean,
cumin, chickpea, mustard, fennel, barley, oats and
wheat. Leguminous crops like chickpea, clusterbean
and green gram have less water requirement and fix
nitrogen which the other non-legume crops need. A
useful method to remove weeds before sowing the
crop is through the preparation of a ‘false seed bed:
The preparation brings weed seeds to the soil surface;
the seeds receive daylight which activates germina-
tion. The germinated weeds can be hoed and mixed in
soil. Without the use of additional inorganic/chemical
fertilizers, green manures are an important aspect
of the agroecological farming system to ensure suf-
ficient nitrogen for the crops. Besides the crop rota-
tion, green manure crop is sown in rains and mixed
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in soil when still soft and tender. The farm fields are
bordered by Napier grass/safflower margins. These
margins prevent run-off of minerals from the field
into bordering ditches. In addition, they attract nat-
ural enemies for pests in the crops, provide habitat
for pollinators and have an esthetical value as well.
Soil health is a major issue at the farm, as on any
farm. Since the transition to an agroecological farm-
ing system soil health has increased. Over the past
four years, soil organic matter (SOM) has increased
several decimals. In general, the crops give high yields
without any additional chemical fertilizers. The farmer
is happy to cultivate crops for a market with demand
for organic crops and the way of cultivating agroeco-
logically gives a lot of satisfaction. During the cropping
season, once every two weeks they organise farm
visits and field demonstration. They discuss possible
solutions, their own experiences and they also share
innovations in agroecology. As they sell their crops
directly to retailers and the organic market is rather
transparent, being part of the association helps their
bargaining power on the price of their products. There
is also collaboration with researchers also. The State
agriculture department and university use data from
the farm as well conduct front line demonstrations on
the farm. In return Chain Singh and his wife share their
practical experiences with the researchers such as the
challenges, the manure management that works best,
practices that work well, etc. These improvements
focus on building the knowledge and skills of farmers
to improve their analytical skills and capacities to
innovate and control their farm system which needs
to be out scaled.

Interlinking the chains of success: biodiverse farm in arid zone

Singh Dheeraj

ICAR - Central Arid Zone Research Institute, India, http:/www.
cazri.res.in/

The small biodiverse farm model is the surest route
to broad-based economic development as they are
multiple functionaries and provide immense benefits
for society and for the biosphere. In food production,
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small farms are more productive and more efficient.
With regards to cost and return, a small farm econ-
omy offers a clear solution. Thus, A small farmer can
intensify biodiversity and the greater the biodiversity,
the higher the productivity and stability and sustain-
ability of agriculture. The case study presents the
successful experiences of a farmer Mr Deda Ram



from arid zone of Rajasthan, India who has conserved
traditional land races since decades and promoted
their expansion. The most prominent landrace is
kharchia wheat as this is the only variety which can
adapt to harsh local conditions of saline soil, saline
water and high temperature and can still give good
yield however bad the situation is. The soil and water
conditions in his locality are very poor and both the
parameters have very high pH (8.6) and Ec (5.6) values.
Under these conditions the growth of any other crop
is very poor and the yield is negligible. The local land
races can only survive and resist biotic and abiotic
factors in these circumstances. Further he is taking
Green gram and Cluster bean on part of soil as rainfed
crop. These are leguminous crops and fix nitrogen
in soil through the root nodules present in soil be-
sides improving soil fertility. To stop soil erosion and
conserve soil moisture he is growing local land race
of watermelon which is having very extensive root
system and spreads in large area. This watermelon
yields considerable amount of seeds which are very
much in demand due to their unique taste and use in
food and pharma industries. This creeper binds the
soil and prevents the legumes and pulses from being
uprotten by high velocity winds. There is hardly any
application of fertilizer or chemicals. The soil fertility is
maintained by permitting and giving shelter facilities
to sheep and goat herds that stay in his field at night
and in turn their excreata and urine rejuvenate soil fer-
tility. He practices deep summer ploughing and leaves
field as such during monsoon to conserve moisture.
In winter season he takes kharchia wheat, chickpea
and yellow mustard on the conserved soil moisture.
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The trustin native land-races and crop varieties, and

the ever-evolving capacity of farmers to innovate and

adapt, once seemingly lost, is making a comeback in

this arid zone and farmers there are demonstrating a

new maxim to be applied in the management of agri-
cultural species diversity: “sustainably use it or lose it"
Such type of on-farm conservation bears pragmatic
cooperation and marketing potentials as farmers are

forming coalitions around heirloom varieties with a

vision of local development, challenging the idea of a

conflicting polarity between ‘'modern/viable’ vs. ‘old/
outdated’ varieties. At this point, 68 households are

cultivating land-races and local varieties in his village

and more than 80% of these households are reporting

higher pulse diversity on-farm, diversification of the

family diet, and higher nutrition levels. The revived

landraces and local varieties have demonstrated a

much higher resistance to droughts, pests, and harsh

environment. Fifteen farmers and three farmer co-
operatives confirmed higherincomes from trading of
their harvests and seeds. For the last three years the

volume of sales has been growing at almost 100%
every year. While the sales revenue for the farmers

has been on the rise, further financial returns are

gained through almost zero application of chemical

fertilizers. Thus, Small family farms are the backbone

of a community, a nation, and of society as a whole.
Small biodiverse farms based on internal inputs arein

fact the only promise for increasing agricultural pro-
ductivity, whether productivity is defined in terms of
biological productivity or in terms of financial returns,
or in terms of energy

Rainwater harvesting for food security and sustainability in arid zone

Singh Dheeraj

ICAR - Central Arid Zone Research Institute, India, http:/www.
cazri.res.in/

In many areas traditional farmers have developed and
inherited complex farming systems with agri-avenues
which are highly adapted to local conditions, allowing
them to manage production in harsh environments
also. Mr. Taju Khan an innovative farmer of in district

Pali state of Rajasthan, India explored options for
farm diversification under hot-arid conditions at his
farm using agroecology principles. His motivation
brought him to KVK, CAZRI where he was trained on
very basic aspects of rain water harvesting. He made
a rain water harvesting structure at the point where
excess water is collected and overflows during rains.
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With initial success and constant motivation, he fur-
ther constructed concrete rainwater storage structure
and became very resourceful about his endeavour.
He developed innovative schemes to increase his
output such as directing overflowing rainwater into
his pond, developing fruit orchard of arid fruit ber,
taking intercrops in orchard, cultivating fodder grass
for livestock, rearing fishes in his pond etc. The other
idea he started implementing was to dig pits and deep
trenches in the soil in his land at regular intervals to
direct the flow of rainwater from the field slopes into
the trenches. He continued the process of digging
new pits and trenches and also desilting the older
ones. This rainfall is sufficient for all field activities
of farm provided it can be stored in soil and some
structure. For the same he constructed the trenches
made on the sloping roads that allow the water to
flow inside the farm to percolate in the soil. Further
he followed strip cultivation in which he made ridges
and furrow and thus he could trap the entire water in
his field itself. In his orchard he made circular catch-
ments around the trees and thus he could harvest the
entire water in his orchard. His selection of crops and
varieties is also very unique as he grows arid legumes
and pulses which can survive on minimum rains re-
ceived and are drought resistant. Secondly, they are
insect and pest resistant and fix nitrogen in the soils
due to nodules presentin their roots. He takes kharif
(rainy season) crops on the rains received during rainy
season and rabi (winter season) crops on conserved
moisture supplemented with water stored from rain
water harvesting. The yield from his farm now in-
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cludes wheat, mustard, chick pea, sesame and green
gram, ber fruits ,fishes from ponds, besides the yield
of variety of other wild species that provide him a
considerable amount of profit and that too from aland
that was written off as barren a few years back. Pres-
ently productive activities, family labour mobilization
and diversification contribute to a stable and lasting
family-based enterprise. This experiential learning
also led to new knowledge emerging from interac-
tions among hitherto powerful scientific hierarchy
and served as role model for other farmer’s adoption.
The above case story of Mr Taju Khan sustainable
intensification drawn from across India shows that
if there is a strong will and determination then food
outputs can be increased not only without harm to
the environment but also in many cases to increase
the flow of beneficial environmental services. Such
improvements then contribute to domestic food bud-
gets, foster new social infrastructure and cultural re-
lations, help the emergence of new businesses and so
drive local economic growth, and ultimately improve
the well-being of both rural and urban populations.
The case study contains many different technologies
and practices involving agricultural research, building
social infrastructure and developing new options. The
experience secure livelihoods so that farmers can pro-
duce food that is safe, adequate and nutritious for a
growing and urbanising society. Such agroecologically
farming will remain more resilient to climate change.
The experience also reports benefits to soil fertility,
water retention and supply, drought mitigation and
conserves biodiversity.

A soil carbon baseline for a biodynamic farm in Costa Rica

Solano Danilo

Asociacion de Agricultores para la captura de carbono en Costa
Rica. Finca Luna Nueva, The Carbon Underground.

Simply reducing emissions will not sufficiently lim-
it global warming; it is crucial to put some of that
carbon back into the soil and into living ecosystems,
like grasslands and forests. This notion, is known as
carbon farming. Nearly all the carbon that enters the
biosphere is captured during photosynthesis, and as
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it moves through life's web, every organism takes a
cutforits own energy needs, releasing carbon dioxide
as exhaust. This circular voyage is the short-term
carbon cycle. Carbon farming seeks to interfere with
this cycle, slowing the release of carbon back into the
atmosphere. Theidea is to change the flow of carbon
so that, for atime at least, the carbon leaving a given
ecosystemis less than the carbon entering it. Some of
the most common land management practices in the



tropics consist of cropland management, graze land
management, and native ecosystem management.
What is unclear is which practice is most efficient for
sequestration of atmospheric carbon in the soil, and
how to optimize the systems to be more efficient.
The trial site is laid out on the Finca Luna Nueva Bio-
dynamic farm located on the what is known as the
wet humid tropics, a trial is designed to: test wheth-
er managed grazing, rotational crops, or reforested
rainforest would be more efficient at sequestering
atmospheric carbon. The trial site consists of 27000
m2 of managed graze lands, 27000 m2 of rotational
croplands, and a reforested section just to the North
of the farm. Average altitude of the sites ranges from
330 m to 350 m. Soils across the graze lands and
cropland are typical young inceptisols found in the
tropics, and andisols in the forested part. In each of
the land management areas, 15 sample sites are cho-
sen at random and then marked with GPS to allow for
future testing. At each sample site a 100 cm by 100
cm hole is dug to a depth of 150 cm. This allows for
viewing of the soil profile, root depths, and soil sam-
pling. In each of the previously identified sample sites
with their corresponding soil pit, three depth profiles
are sampled: 0-30 cm, 30-60 cm, and 60-100 cm.
Drilling into the face of one wall of the pit horizontally,
5 samples are extracted using a soil sample auger
from each depth of the three depth profiles. These
5 samples per depth are composited and then 300 g
are taken and sent for lab testing. They go through a
combustion process to ensure that all organic carbon
isignited and the CO2 given off is measured, resulting
in a percentage of organic carbon present in the sail.
From this number, the organic matter is calculated
using the Van Bemmelen factor of multiplying the soil
organic content by 1.72. *STATISTICS WERE CALCU-
LATED USING A BIOSTATISTICAL SOFTWARE CALLED

INFOSTAT*In 1 meter depth a significantly different
percentage of carbon was observed (4.05) %for the
treatment or management called secondary forest.
Then the crop rotation management (3.47)% follows
butis not statistically different from Rotational graz-
ing management (3.27)%. P-VALUE OF 0.0001When
fragmenting the carbon in different layers the values
are as followed:0-30 cm depth:Forest treatment is
significantly different: (2.86)%, followed by Crop rota-
tion treatment with a value of (2.05)% and Rotation-
al grazing management with (1.51)%. P-VALUE OF
0.0001.30-60 cm depth:P-VALUE= 0.0358. 60-100
cm depth: For this layer, the farming practice or man-
agement that showed more carbon percentage was
Rotational Grazing with a value of (1.36)%, followed
by Crop Rotation (0.78)% and Secondary Forest with
(0.64)% P-VALUE OF 0.0001CONCLUSIONS The soil
surface increment, 0-10 cm, generally contains the
highest levels of short-chain labile carbon, this is due
to the top soil biomass and the soil food web. This
surfaceincrementis not where one would be looking
to safely store atmospheric CO2. The deeper in the
soil profile that carbon is found, and the more humi-
fied the carbon, the better.
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The vitality of cucumber fruits from different cultivation systems — a new
method for assessing antimicrobial, slice healing and green colour retain-

ment properties of cucumber fruit
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Research question

A challenge in biodynamic research is to develop
concepts and methods corresponding to the basics
of biodynamic agriculture and food production. Here
the concept vitality, or vital quality, is widely used,
and correspondingly various complementary meth-
ods have been developed including picture-devel-
oping and degradation methods, reflecting specific
vitality aspects. In the latter case e.g. grated/sliced
vegetable samples are exposed to stressful condi-
tions, after which antimicrobial properties, dry matter
loss, enzymatic activity a.o. are determined (Ahrens
1991). Still, there is a need for methods combining
antimicrobial properties and characteristic of healthy
organisms such as wound healing. The concept of
germination vitality — the ability of seeds to ger-
minate under field conditions (Hampton & TeKrony
1995) — may be generalised into an overall vitality
concept: 'the ability of living organisms to perform
their life processes and life cycles under stressful con-
ditions" Research method: A method developed for
assessing the antimicrobial, slice healing and green
colour retainment properties of fruits of cucumber
(Cucumis sativus). The slice healing properties are
based on a complete slicing into 15/20mm slices.
These are manually ‘reassembled;, wrapped in plastic
folium and placed in a heating cabinet at 23.50C for
14 days. After unwrapping the response parameters
are scored. A maximum slice healing score implies
that the 16-20 slices have grown together so that
they can be held horizontally, manually at the 3-4
bottom end slices, without breaking. Fully ‘healed’
samples, with no sign of microbial attack, are re-test-
ed for additional 7 days. The method was tested for
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the ability to differentiate samples from two Danish
producers, selected as golden standards for mod-
ern, large-scale conventional resp. organic deep-soil
producers, and to differentiate Polish and Slovenian
samples from small-scale conventional, organic and
biodynamic producers. Based on trans-formed score
data logistic regressions were performed, including
data on country, calendar week, cultivation system,
growth medium and sample diameter, length and
weight (Andersen et al. 2018).

Results

The difference in slice healing and antimicrobial
properties of the Danish conventional and organic
samples from 7 weeks was highly significant (P <
0.0001). Conventional samples showed signs of mi-
crobial attack after 5-7 days, with minimum scores
of slice healing after 14 days, while the majority of
organic samples showed no signs after 14 days and
max scores of slice healing properties. Hence only a
minority of the conventional samples were retested,
as opposed to the majority of the organic samples.
Statistical analyses of data from Polish and Slovenian
samples are ongoing, and from the cucumber content
of dry matter, nitrate and antioxidants.

Conclusion

The newly developed method for assessing the anti-
microbial, slice healing and green colour retainment
properties of cucumber fruits has demonstrated a
highly significant ability to differentiate samples
from conventional and organic cultivation systems.
The combination of the three response variables is
here seen as a relevant indication of the vitality of
cucumber fruit samples. Ongoing statistical analyses
will clarify if older-variety East-European samples
have maintained to a higher degree their vitality, as



compared to modern, highly-bred West-European
varieties, as well as the correlation between the three
scoring variables and nutritionally relevantindicators.
Finally, it is the experience of the author that the
method is @ most valuable teaching and communi-
cation tool in relation to producers, consumers and
decision makers.
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Background

In the expectations on biodynamic agriculture several
issues were mentioned in relation to health aspects
of milk: the horns on cows as well as the homogeni-
sation of the milk, two issues that were written as
prerequisites in biodynamic regulation.

Goal

In this review studies on milk quality will be reflected
how biodynamic milk quality might affect health. The
following aspects will be evaluated:

— How do biodynamic regulations affect the milk
fatty acid composition in a European context?

— How can biodynamic milk be differentiated
based on -omics composition?

— If horns affect animal’s physiology, how can
milk from horned and dehorned cows be un-
derstood?

— How can mice models explain, why raw bio-
dynamic milk prevents for milk allergy and
asthma?

— What is the outcome of epidemiological stud-

ies on the effect of heat treatment, omega-3
(n-3) fatty acids in relation to asthma and al-
lergies?

Results

Milk fat contains a range of bioactive fatty acids (FA).
The most promising FA in relation to health promotion
arethen-3 FA, CLAs, butyricacid and branched chain
FA. Each milk origin has its own character, which is
visible as a profile, a fingerprint. Around 80 single
FA are used to differentiate milk origin and factors
involved: grass intake, meters above sea level, sea-
son of production, level of maize and concentrate in
the ratio, but also horn presence. Within a European
context, biodynamic farms in Nordic countries tend
to follow the principle of intensified feeding with
concentrates and conserved fodder. This negatively
affects the FA profile. The best premises for a high
FA quality are found, if cows are fed grass. In summer
the most worthy fat is produced, if cows get fully
access to pasture.

Several 100s of metabolites are found in the metab-
olomics analysis of the defatted milk serum. These
metabolites are up- or down-regulated in the milk
expression due to the milk production level, type of
fodder, health and disease status of the cow, but also
due to the presence or absence of horns. The out-
come of lipodomics and metabolomics was used to
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differentiate milk from horned and dehorned cows.
Although horns are generally seen as weapons, ru-
minating animals use their horns for additional heat
regulation.

Three experiments were done in regard to horns, and
horned cows showed a higher overall level of metab-
olism than dehorned cows. Cows have the possibility
to use either fats or sugars for heat production. Un-
der low ambient temperatures cows get in conflict
between milk production (lactose from glucose and
C3-molecules) and the maintenance of their body
temperature. This physiological competition can be
seen as a shift in the FA towards a reduction of odd
chain FA(C7:0, C9:0, C11:0) and an increase of several
long chain unsaturated FA. The origin of odd chain FA
is propionyl-coA, which becomes in conflict with glu-
cose building for energy purpose (Baars et al.,, 2019).

It was hard to see a differentiation in the proteomic
profile of horned and dehorned cows, probably be-
cause of the small effects and the reduced sample
size.

In the gut flora of horned and dehorned heifers a
differentiation was possible, although differences
were small and it was unclear, what the differenti-
ation meant.

In a clinical trial biodynamic milk was tested in mul-
tiple allergic children. Children were provoked with
raw biodynamic Vorzugs-milk as well as shop milk
(conventional, pasteurised, homogenised). The same
milk was tested in an allergic mouse model. Children
and mice showed the same results: raw milk did
not bring forward an allergic reaction. In an asthma
mouse model the raw biodynamic milk was compared
with heat treated milk (800C, 10 min). Mice did not
develop any asthmatic reaction on raw milk, in con-
trast to heat treated raw milk.

These experimental outcomes are in concordance
with epidemiological studies in children and no cor-
relation was seen between the consumption of raw
milk and the development of asthma, allergies and
hay fever later in life. There was an independent pro-
tection of raw milk consumption in relation to farm
life. These studies were almost exclusively done on
conventional farms.

Another factor in relation to the development of
asthma and allergies was the intake of omega-3 FA.
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Biodynamic milk contains generally High amounts
of alpha linolenic acid, which is one of the strongest
differentiation outcomes between biodynamic and
conventional milk, especially if milk is compared at
aregional level.

Conclusion

In the relation between milk and health, biodynam-
ic farming could support several health aspects in
relation to milk quality. Biodynamics can positively
affect the fatty acid spectrum, depending on region
and season. If milk gets pasteurised, milk looses its
potential to prevent for asthma and allergies, even if
milk is from low-input biodynamic origin. The horns
on cow affect the animal’s physiology, which can be
shown in the change of milk metabolites and milk
fatty acids. Cows used their horns to support their
metabolism.
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This article emphasizes the relationship between
biodynamic agriculture, will nutrition (digestion of
etheric of the food) and how San Francisco Farm (SFF,
Brazil) has developed these questions. The two other
nutritional components will not be developed here.
Human actions result from a complex relationship
between will, thought and feeling. The future of the
earth depends on the human will. Exacerbation of
self-interest (economic life) and illusion (material-
ism) lead the human being to both social and nature
erosion.

“This is a nutritional problem” replied Steiner. "How
food is constituted nowadays no longer provides men
with the force to manifest the spiritual within the
physical. The bridge between will and thought can no
longer be established. Food plants no longer contain
the strength that they must provide to men”. Steiner
passed away in May 1925 leaving these questions
open. The forces bridging will, thought, and action
are etheric. They are released from the food plant in
digestion. The force that Steiner referred to is polar
to the exacerbation of self-interest. It is the force of
fraternity between bodies (will force). The fraternity
between bodies is an impulse provided by Christ.

How to set up such food? First, we must consider: the
fitness of the other nutritional systems (physical food
digestion / breath and senses); the new forces that
we can lead by consciously manipulating biodynamic
preparations (500, 501) involving elementary beings,
showing them the light of Christin the interlacement
of the food substance (photosynthesis); matter, form,
and essence are inseparable; Christ is a solar being
who can involve photosynthesis. It is in photosyn-
thesis where we can insert in the food the ‘essence
principle’ of fraternity between bodies from the Sun-
Christ. The forces radiated by spraying preparations
(500, 501) originate in the Sun. These preparations
stimulate etheric forces. Each elementary being or
living element (earth, water, air, light, and heat) is

associated with a physical element (N, P, K, water, CO,,
light, and heat). The result is live biomass (C6EH1206
and essence).

How can such archetype fix in food? In photosyn-
thesis, the elementary beings of heat interpolate the
elementary beings of light, on the one pole, with the
elementary beings of gas (CO,), water (H,0), and earth
(N, P, K), of the other pole. Lucifer and Arhiman cast
shadows on the elementary beings. They consciously
prevent them from accessing the light of the Sun-
Christ. Thus, the elementary beings cannot configure
plant food by including the etheric forces of Christ.
This requires the conscious intervention of man. But
how can we provide a view of Christ's "light” to the el-
ementary beings in growing food plant? Through the
elementary beings of heat that live in the warmth of
the human blood. Communication can be established
between heat beings from the human blood and heat
beings in nature. The elementary beings of heat in
nature are free from Lucifer and Arhiman. They are
who make the interpolation between the elementary
luciferic beings of light and the elementary ahrimanic
beings of gas, liquid, and solid. The human organ that
makes this communication possible is the heart. Itis
the human heart where the light of Christ lives in. In
the process of giving dynamism to preparations 500
and 501 from the blood warmth of the heart of the
element giving dynamism it is possible to cause the
force of Christ to flow. In the biodynamic plant food
so interwoven, the etheric force of Christ begins to
live. An archetype from the Sun-Christ can be inserted
in Bd Demeter food.

During seven years 30 — 50 tons per month of Deme-
ter bananas were produced in a SFF project (2000 —
2012) and distributed to Sao Paulo etc. It is the love
living in the hearts of SFF workers and their deep
connection with Christ which makes such project pos-
sible. In these workers — very humble and poor and
deeply connected with the earth — lives Christoforos,
the bearer of Christ!

The method applied at San Francisco Farm (SFF) was
(a) the spiritual fundaments for agriculture prosper-

59


mailto:awmiklos@usp.br

ity (Steiner, 1924) and (b) Proceedings in the Free
Superior School of Spiritual Science (R. Steiner). The
results were what we have done at SFF in practice:
(a) the banana production (30-50tons/month), (b) the
market conquered (40 supermarket stores only in Sao
Paulo), (c) the Cassino Group championship product
during 7 years, (d) the clients’ fidelity conducting the
market fidelity (better organoleptic attributes) and
(e) better financial attributes conducting the mar-
ket fidelity (better prices, supply regularity, humane
commercial relationship etc.). San Francisco Farm
results in practice and its gnosiology conception are
the relevant scientific data.
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Breeding maize under biodynamic conditions for nutritional value and nu-

trient efficiency
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Research question

In the last century, Rudolf Steiner linked the applica-
tion of mineral fertilizers to a gradual degeneration of
food quality. In contrast to viewing crops as passive
recipients of nutrients, he posited that plants have a
kind of intelligence associated with finding nutrients
and that exercising that capacity is important.

Since Steiner’s time, application of mineral fertilizer
has become the norm world-wide. Cereals have been
bred and selected for their ability to respond to min-
eral nitrogen (N) fertilizer. However, N fertilizer causes
the accumulation of cereal storage proteins that have
low contents of essential amino acids thereby reduc-
ing nutritional value. Furthermore, N fertilizer pollutes
of water and air. Therefore, our question is to explore
how breeding and selection under low-mineral input,
biodynamic conditions affects nutritional value, pro-
tein quality, and nutrient efficiency.

Research method

Since 1988 we bred and selected maize varieties for
44 growing seasons under low-input organic and
biodynamic conditions, alternating summer and win-
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ter nursery crops in Wisconsin and in Puerto Rico.
Maize was generally grown after grass or legume
crops. Fertilization initially consisted in application of
composted manure; biodynamic preparations were
applied in Wisconsin. For the first 14 years, breeding
consisted mainly in breeding open pollinated varieties.
In 2002 an inbred and hybrid breeding program began
with selection for high methionine content in grain,
high general combining ability for yield, and nutri-
ent efficiency under conditions where manure was
either not applied or applied in low doses. Breeding
lines were selected for per se and test-cross per-
formance. A consortium of N, fixing (diazotrophic)
bacteria was developed and applied to seed grown in
nurseries. Selection criteria included robust top and
root growth, grain yield, dry down, standing ability,
competitiveness with weeds, N2-fixation (isotopic
natural abundance method), chlorophyll content of
foliage, and grain protein and methionine in grain and
per ha. Essential amino acids were determined by wet
chemistry (HPLC), and near infrared spectroscopy.

Results

In 2004 we observed spontaneous appearance of
opaque kernels in breeding families associated with
elevated contents of methionine and lysine. This per-
sisted ina variety of inbreds and families. The opaque



trait proved mostly to be heritable and stable, but not
in all cases. Electrophoretic studies suggested that
grain proteins had shifted away from alpha zeins to
nutritionally more valuable beta and delta zeins and
non-zein proteins.

In 2009 a set of exotic landraces was identified that
appeared to be fixing N, and they were used for breed-
ing new, N efficient inbreds.

Inbreds and hybrids were developed that exhibit com-
petitive yields with normal cultivars but routinely pro-
duce ca. 30% more methionine and 16% more lysine
and higher levels of protein production on sites where
low rates of fertilizer are applied. The cultivars are
more robust and productive under low N conditions
and have higher contents of minerals in their seed. In
part, this may be due to greater extraction of nutrients
from the topsoil associated with greater root growth.
However, some cultivars appear to utilize partner-
ships with diazotrophic bacteria to obtain more N.

Conclusion

Theresults validate a new, holistic breeding approach
that simultaneously combines breeding for quality
and for nutrient efficiency under biodynamic/organic
conditions. Results are greater nutrient value of grain
and greater nutrient efficiency for plants. The results
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are due to the maize plant’s response to humans
changing their approach to fertilization, exercising
classical breeding methods, and fostering beneficial
plant/microbial partnerships. Wider-spread applica-
tion of such methods and outcomes may be useful
for fostering healthy crops, animals, people, and a
healthier planet.

References

Goldstein, W. 2016. Bulletin 1. Partnerships between maize and
bacteria for nitrogen efficiency and nitrogen fixation. Mandaamin
Institute, Elkhorn, Wisconsin; published on the Internet, January,
2016. www.mandaamin.org.

Goldstein, W.A, W.Schmidt, H.Burger, M.Messmer, L.M. Pollak, M.
E. Smith, M.M. Goodman, F.J. Kutka, and R.C. Pratt. 2012. Maize
breeding and field testing for organic farmers. Pp. 175-189. In:
Organic Crop Breeding. Pub. Wiley-Blackwell, NY.

Jaradat, A.A., and W. Goldstein. 2013. Diversity of maize kernels
from a breeding program for protein quality: physical, biochemical,
nutrients and color traits. Crop Science, 53:956-976.

Jaradat, A.A., and W. Goldstein. 2014. Diversity of maize kernels
from a breeding program for protein quality: Il. Correlatively ex-
pressed functional amino acids. Crop Science, 54:1-24.

Jaradat, A., and W. Goldstein. 2018. Diversity of Maize Kernels
from a Breeding Program for Protein Quality: Ill. lonome Profiling.
Agronomy. 2018. 8,9. doi:10.3390/ Agronomy 8020009.

Droplet evaporation method as a potential tool for qualitative analysis of

foods and agricultural products

Kokornaczyk Maria Olga’, Trebbi Grazia?, Dinelli Giovanni?, Marotti llaria?, Benedettelli Stefa-
no®, Nani Daniele’, Parpinello Giuseppina P?, Versari Andrea?, Rombola Adamo?, Baumgartner

Stephan’, Betti Lucietta?

" Society for Cancer Research

2 University of Bologna

3 University of Firenze

“Italian Society of Anthroposophical Medicine
Background

During the evaporation of liquids, in course of an
auto-organization process, complex structures may
form. On such a phenomenon relays the droplet evap-

oration method (DEM). Here we present experimen-
tations regarding the application of DEM to quality
analysis of (i) different wheat seed varieties [1, 2]
and (ii) wines deriving from grapes cultivated under
different cultivation regimes in a long-term experi-
mentation trial [3].

Materials and methods

In (i) droplets of a leakage (prepared by placing wheat
seeds into water for one hour) were evaporated on
glass substrates under controlled conditions. The
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dried residues were analyzed in dark field micros-
copy and photographed in magnification 100x. The
polycrystalline structures in the images were eval-
uated by means of Image] for their local connected
fractal dimension and fluctuating asymmetry. The
DEM results were correlated with the seeds viabil-
ity measured by means of a germination test. In (ii)
droplets of wine were evaporated following the same
procedure. The evaluation of the patterns consisted in
the measurement of the field covered by structures.
The results were compared with the results of the
chemical analysis of wines.

Results

In case of both experimentations the different sam-
ples (in (i) different wheat varieties and seeds follow-
ing a stress treatment; in (i) biologic and biodynamic
wines) could be significantly distinguished, more-
over strong significant correlations could be found
between the DEM data and other applied analysis.
In (i) the fractal complexity of structures correlated
positively with the seed viability; furthermore, the
structures obtained from seeds characterized by a
higher viability showed also a significantly more exact
bilateral symmetry then those from low-quality or
stressed seeds. In (i) the DEM results correlated with
the sugar and alcohol contents, dry matter, optical
density at 520nm, and the total phenolic content of
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the wines. The wines obtained from grapes cultivated
under different regimes could be significantly dis-
tinguished basing on the results deriving from DEM
(shape descriptors) but not basing on those deriving
from the chemical analysis.

Conclusions

DEM represents a rather simple and time-saving
analysis method. Out of our experiments it results
thatitis sensitive to quality differences due to cultivar
characteristics and stress treatment (experiments i)
as also different cultivation regime (experiments ii).
Further experimentation is required to study DEM
more in detail and be able to use fully its potential.
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A controversial debate concerning the differentia-
tion of the product quality of organic res. biodynam-
ic and conventional food can be found in literature.
Unimpressed by this academic debate subjectively
convinced consumers are increasingly buying organic
produce. The assumption of a higher health value and
a general higher product quality of organic food are re-
ported by several surveys and identified as one of the
main buying motives. However definition of organic
food quality and methods to distinguish organic and
conventional food quality are currently not existent
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and organic and conventional foods are considered
to be of equal health benefit. In regards to milk, first
studies show differences in milk composition due to
the production context. Those markers of differenti-
ation of the fatty acids (FA) (n3, CLA and specific TFA)
are supposed to have beneficial nutritional properties.
Is it possible to differentiate organic res. biodynamic
and conventional milk consistently? How does the
intensification level in organic and conventional dairy
systems impact on the product quality of milk? Does
differentiating milk quality and different processing
levels have any meaning for the health value of milk?

This presentation will discuss the main context and



especially implication for organic dairy production of
the results of a PhD-project on the differentiation of
organic res. biodynamic milk quality from low- and
high-input systems and an evaluation of the digest-
ibility of "Vorzugsmilch” in human children. The project
included 1.) a literature review on organic food quality
2.) a system comparison and milk quality analysis
of FA and antioxidants (AQO) of 24 farms in southern
Germany and 3.) an oral food challenge with children.
(Kusche 2015)

Specific FA and AO marker differentiate origin and
intensity of the milk composition in both seasons
during summer and winter. Specific authentication
criteria on the basis of certain marker compounds (FA,
AOQ) were identified. A pilot study on the tolerance of
milk from different origin and processing showed in
a double blind oral food challenge that biodynamic
“Vorzugsmilch” was tolerated by all children in con-
trast to conventional homogenized and pasteurized
milk which led in most cases to allergic reactions.
These results showed in general that lower intensi-
fied organic farms practicing access to pasture and
grass-based feeding were able to produce milk with
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The Turnaround in Nutrition
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In 1921 Ita Wegman, the doctor who developed an-
throposophical medicine with Rudolf Steiner, founded
the first anthroposophical hospital in Switzerland.
She began to use mistletoe for cancer patients. Some
years later, a specialized hospital for anthroposoph-
ical cancer treatment using mistletoe and a holistic
therapeutical approach was built up. In this hospital
nutrition played a key role. The kitchen hospital’s chef
accompanied the patients with training and advice.
The first task he gave them was to answer three ques-
tions: What do you eat? How does it taste? How do
you digest and tolerate what you have eaten? He ex-
perienced that this was the first step for the patients
on the way to become healthy (Spindler 2018). This
“mindful eating” is also used as a sustainable way
to reduce weight in obesity programmes (Melchart

a distinguishable product quality. Milk quality benefits
from a lower intensification level in both the organic
and the conventional system. The results address
the potential to orient organic dairy production via
low-input strategies towards an “authentic” and dis-
tinguishable organic product quality. The food chal-
lenge results of a better digestibility may also provide
firstinsights into the potential of low-processed milk
and milk-products. The differentiating marker and
also their nutritional relevance point on aninteresting
unique selling preposition of organic milk, which may
fulfill the demands of health-conscious consumers of
organic foods and help to generate higher milk prices
of organic res. biodynamic milk.
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2017). It enables one to perceive different food and
tastes and how they are tolerated by the organism.
The effect is an enhanced feeling of self-connected-
ness. This means that you listen to your inner signals
which in turn tell you what is good for you to eat —
because what tastes good and what is pleasant can
be digested and tolerated (Frankenbach 2014).

Considering that 40 million people are killed each year
by non-communicable, nutrition related diseases (e.g.
diabetes, cardiovascular diseases etc., WHO 2017)
this approach seems worth practising. In addition,
one third of the world’s population suffers from mal-
nutrition, which can either be too little or too much
food. This leads to either underweight and hunger or
overweight and obesity. Taking into account that so
many people are concerned with nutrition it is obvi-
ous that this is a remarkable economic factor. So the
food industry steps in and defines food quality and
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what is healthy nutrition. We are tempted to pass the
responsibility for a healthy development of our body,
soul and spirit to industry.

In our society daily nutrition is characterised by many
new, steadily changing dietary trends such as clean
eating, which means choosing unprocessed, freshly
cooked food without additives, colours and aromas.
Vegan diet has become very well-known and many
new products such as, for example, lentil noodles
and almond drinks can be purchased. To buy ethically
justifiable food is discussed in journals and street food
has become common. A diet free from gluten, salt or
dairy is often more a means to express one’'s own in-
dividuality than a real medicinal concern (Ellrott 2012,
2016). Allergies and intolerances tell more about the
fear of the food than of intolerable constituents or the
quality of the food. At the same time new products are
introduced at short intervals such as green smooth-
ies, edible insects or black sandwiches. Insects are
advertised as an environmentally friendly and climate
neutrally produced source of protein. The questioniis
whether superfoods like Chia, Goji, Matcha, Morin-
ga are really 'super. An investigation on Goji berries
showed that the claimed effects cannot be proven
(Goerg 2017). With so many new diets and products
the confusion increases on what is really needed and
what is healthy and good food. This lack of orienta-
tion leads to uncertainty. As a consequence, scientific
comments and advice on food as well as recipes are
invited. Consumers believe more in advertising than
in themselves. This is a sign that our society really
needs an own, inner judge and creativity for realising
the daily diet. How can this inner judge be developed?

Albert Einstein, the famous physicist, says: “The sig-
nificant problems we have cannot be solved at the
same level of thinking with which we created them”

That means we need a turnaround in nutrition. This
turnaround begins with the three questions as a
means to develop the sense to know what is needed
and what is good or not good for us. This is an easy
way for everyone to start with the turnaround and
to start with being independent of the food industry.
Subsequently conscious living is realised because it is
the individual who decides on his own values, and it
is up to the individual to take care on what to eat and
what to do out of a mindful attitude. Thus an inner
certainty of what the need is and what the own values
are is built up and leads to self-connectedness. The
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individual is the sculptor of his own life, his dietand as
consequence of the environment he lives in. Because
through what the consumer buys and eats he shapes
the world. The consumer is the co-producer and he
decides at the cash desk how the world looks like.

The implications of applying the three questions as
a first step to healthy diet and a healthy life are that
perceiving food really consciously leads to an interest
in where it comes from and how the biography of it
looks like. In concrete terms it means that we want to
meet food, meeting not only consuming food because
we eat food, not nutrients. Thus connections that are
urgently needed are realized and the consumers start
being co-producers. The mindful attitude leads in ad-
dition to a better appreciation of the food chain ele-
ments and to humanity in economics. Economy should
be driven by understanding and brotherhood not by
egoism and profit maximization. Consumers are no
longer the victims of the food industry but are taking
responsibility for their own diet, for the environment
and thus contribute to a healthy world by a healthy,
sensually pleasant, sustainable diet consumed with
mindfulness (von Koerber and Bader 2016).

This is the approach of salutogenesis that Anton-
ovsky already introduced in the 1970s. It means that
we look at what keeps us healthy and that we feel
coherence as a source of health. That leads to an
understanding of the connections and relations in
life, to a conviction to be able to design the own life
and to the belief in the sense of life. This attitude is
also named as resilience, to be able to deal with what
comes towards us and not becoming ill from it.
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Egg quality — differences between biodynamic, organic and conventional
samples, measured with Fluorescence Excitation Spectroscopy (FES).

Stolz Peter

Forschungsinstitut KWALIS gGmbH, 36160 Dipperz, Germany, +49
6657608990, forschung@kwalis, www.kwalis.de

It was in question, if there is a holistic quality param-
eter, which could reflect the special quality of eggs
from biodynamic farms. We used delayed lumines-
cence of the egg yolk, measured with FES, to show
differences between eggs from biodynamic, organic
and conventional origin.

Atotal of 98 egg samples from retail markets were in-
vestigated (54 of them labeled “organic”). Differences
in delayed emission of the samples in relation to their
origin was observed, and a differentiation between
organic and conventional samples was possible for
86% of the samples from the retail markets, when
using the FES-parameter R80ye/bl. The parameter
R40w resulted only in 74% correct classifications, thus
classification was improved by using the FES-param-
eter R80ve/bl. Especially organic eggs were misclas-
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sified frequently, indicating that organic egg qualities
were often times comparable to conventional ones.

For the 8 biodynamic samples among the organic
ones, rather high emission intensities were found,
they were all classified as organic.

On the basis of the known relations between the eggs
emission and the feeding and housing of the hens,
it can be supposed, that the biodynamic hens were
kept under conditions appropriate to the animals de-
mands, implying high welfare standards and fresh,
green grass. On the other side, organic samples with
low emission intensities can be supposed to originate
from farms with low animal welfare standards.

Some examples will be presented to demonstrate
the relation between feeding, housing and delayed
luminescence, indicating farming practices worthy
for attaining high quality eggs.

Fluorescence Excitation Spectroscopy — fundamental principles and
key-phenomena of delayed luminescence. An introduction to the method.

Stolz Peter

Forschungsinstitut KWALIS gGmbH, 36160 Dipperz, Germany, +49
6657608990, forschung@kwalis, www.kwalis.de

Photon emission of living organisms is observed in a
wide field of scientific disciplines (van Wijk 2014), the
first measurements in this area were done by Gur-
witsch (1920) by using roots as detectors. Measure-
ments of delayed luminescence (induced emission)
with photomultipliers became public by research from
Ruth and Popp (1976) and Ruth (1977) who wanted to
make apparent special quality aspects of foods. Actu-
ally, a differentiation of milk samples from biodynamic,
organic and conventional farms was possible by FES.

The method used for measuring delayed lumines-
cence at KWALIS is based on the principle of ultra-low

emission of photons of a sample after illumination
(excitation). The FES measurement apparatus (de-
scribed by Strube & Stolz 2010) is able to illuminate
a sample with light of different colors (wavelengths),
and to detect delayed emitted light by counting emit-
ted photons at 100 consecutive time intervals. This
declining emission curve is used for evaluating quality
aspects of the sample.

Different phenomena were investigated, observing
changes in emission, dependent on excitation color.
On the basis of many observations, some ideas ap-
peared on how to interpret the results, which often
times were in relation to the actual physiology, to
growing conditions or to processing. Key-phenomena
are presented from samples like aged tomato puree,
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ripening of apples, cereal from biodynamic, organic
and conventional origin, or bean seeds grown under
different farming conditions. Differences between
organic and biodynamic samples were observed e.g.
in calendula seeds, in eggs and in milk samples. By
looking on these phenomena, an impression may
arise of the quality aspect which is presented by the
measured photon emission.
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How could we show the effect that farming methods have on the quality

and vitality of the products?
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