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PREFACE

The genesis of the First International Scientific Conference of ISOFAR, held from September 21-23, 2005
in Adelaide, South Australia, can be traced back to ISOFAR’s launch at the Berlin-Brandenburg Academy
of Sciences and Humanities in Berlin, on 20" June 2003. Thus, once presentations will have been displayed
at Adelaide’s Convention Center, these Conference Proceedings have had a gestation period of no longer
than 27 months, with a first call for papers no older than 11 months.

The progeny of this process - some of you may now tangibly carry it, others might access it electronically -
consists of more than 150 papers covering various aspects of Organic Crop Production (49%), Animal
Husbandry (11%), Agricultural Economics, Rural Sociology as well as Organic Food Marketing and
Sustainability (40%). Thus, a well balanced mixture represents the current relevance of each area whilst
paying particular attention to the increasing importance of economics, a trend that may have a positive
impact also on the scientifically based development of Organic Agriculture.

Researchers from over 30 countries covering all continents are contributing to the present conference
transcript. We are proud and happy to present you a wide range of worldwide research activities focussing
on Organic Agriculture. There is, however, still a strong dominance of European researchers representing
more than 75% of all published papers. This fact reflects the history of organic agricultural research, yet it
underlines the necessity of one of ISOFAR’s key aims: to bring more scientists from other parts of the globe
to the job.

In contrast to common conference proceedings, this volume basically contains short scientific papers of four
pages maximum. All contributions have passed a stringent referee system. The revised papers may,
however, later be extended and delivered as full papers to recognised international scientific journals. Some
selected contributions shall later be published in a special volume of an international journal.

When preparing this volume, the Editorial Board had to cope with some unexpected problems, resulting for
example from different technical standards in the world-wide e-mail communication system. We apologize
for any inconvenience our authors may have experienced - they find themselves in good company with those
people who had to overcome manifold obstacles when preparing this conference as well as its proceedings.

We are greatly indebted to the benefactors, the overall organising committee that enabled the scientific
module ‘Researching Sustainable Systems’ under the umbrella of IFOAM’s 15th World Congress and the
institutional hosts, our partners of NASAA. For the secretarial help in ISOFAR’s Bonn office, thanks are
due especially to Anke Dunsche and Christin Streichardt, thoughtfully guided by Daniel Neuhoff. We are
grateful to all our unnamed referees for revising all the papers which were received early enough. Judith
Neuhoff did a very good job in checking our non-native speakers’ English. We are deeply indebted to the
Swiss Agency for Development and Cooperation (DEZA) for their generous funding. Invaluable assistance
in diverse forms was given by staff members of FiBL where again Helga Willer was the successful ‘spider
in the net’.

For all that: we are not perfect. Thus, critical readers are asked to excuse any mistake they might spot, or the
odd sentence written in less-than-perfect English. We realise that we might be repeating ourselves when
concluding that considering all those circumstances editors may be confronted with, criticism is
nevertheless welcome and will not lead us to the conclusion that this job has been one of those not to be
repeated in the present incarnation.

For the Editors

Ulrich Kopke Urs Niggli

President Vice-President
ISOFAR
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EFFECT OF ANNUAL SELF-RESEEDING LEGUMES ON SUBSEQUENT CROPS IN
ORGANIC ROTATION PROGRAMME

Lina Al-Bitar

Mediterranean Agronomic Institute of Bari, Via Ceglie 9, 70010 Valenzano (BA), Italy,
Tel +39 080 4606254, albitar@iamb.it, www.iamb.it

Key Words: Biological nitrogen fixation, annual self-reseeding legumes, nitrogen uptake, rotation
programme, green manure, organic agriculture, Mediterranean region and climate.

Abstract

Soil fertility management is a critical issue in organic agriculture, and nitrogen supply is the most important
aspect, especially in the Mediterranean region. Biological nitrogen fixation by legumes seems to be a
successful strategy in that nitrogen-fixing legumes can provide most of the nitrogen used in Mediterranean
agriculture in a form not readily leached. According to Pimentel et al., 1992, in the U.S., an estimated $50
billion worth of nitrogen is provided by biological N fixation. Thus, the inputs of nitrogen into
Mediterranean agricultural systems by biological fixation in modulated legumes are fundamental to obtain
sustainable and economic production.

This study aimed at evaluating the impact of annual self-reseeding legumes on subsequent crops
performances in a rotation programme in organic farming.

15 cultivars of annual self-reseeding legumes belonging to the genera Trifolium, Medicago, Ornithopus and
Biserrula were grown over two cropping cycles as green manures followed by lettuce and corn.

All legume treatments had significant positive effects on both subsequent crops.. In fact, marketable yield of
lettuce increased an average of 55% over the control and yield of maize grain was an average of 15% over
the control. Medicago sphaerocarpa cv Orion, Trifolium subterraneum cv York, T. glanduliferum cv Prima,
and T. spumosum cv WCT36 gave the best results with both crops.

Introduction

Over the past 40 years, agricultural activity has become increasingly dependent on chemical fertilizers and
pesticides for the achievement and maintenance of the high yields characterising modern cropping systems.
In fact, it is estimated that globally, at 2 to 5% of all fuel is used for the production of synthetic nitrogen
fertilizers (Grignani et al., 2002). Kennedy and Cocking (1997) report that every ton of nitrogen fertiliser
manufactured consumes 1.3 tons of oil equivalents.

Since Mediterranean soil is heavily dependent on external input supply, suffers from a lack of macro and
micronutrients, and is characterised by a high mineralisation rate, it is necessary to set up alternative
sustainable strategies. The challenge is to build up fertile soil and balanced organic agro-ecosystems that are
able to feed a healthy plant producing a high quality organic product appreciated by consumers.

Annual self-reseeding legumes are able to accumulate substantial quantities of N, while the soil’s population
of microbes has an enormous capacity to recycle this N under the right conditions (Jarvis et al., 1996).
Legumes are an essential component of Mediterranean agro-ecosystem; they not only are useful to exploit
atmospheric N, which is a native renewable resource, but they also contribute to recycle the organic matter
and enhance biodiversity that has a direct effect on pest management. Therefore, they contribute to enhance
a closed farming system, which is the main goal of organic farming.

This trial is part of broader long-term research at the Mediterranean Agronomic Institute of Bari (IAMB),
Italy, that foresees a rotation programme scheduled over various years aiming at replacing perennial species
with annual self-reseeding legumes. Perennial species are not suitable for areas characterised by a long and
dry summer, such as the Mediterranean region. Annual self-reseeding legumes possess the ability, through
their re-germination capacity, to act as a perennial species within a crop sequence.

The aim of this trial was to study the impact of annual self-reseeding legumes on subsequent crops in a
rotation programme in organic farming.
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Methodology

Fifteen cultivars of annual self-reseeding legumes (Medicago sphaerocarpa cv Orion, Trifolium
subterraneum cvs York and Dalkeith, T. glanduliferum cv Prima, T. hirtum cv Hykon, T. incarnatum cv
Caprera, T. vesiculosum cv Cefalu, T. spumosum cv WCT36, T. michelianum cvs Bolta and Paradana,
Biserrula pelecinus cv Mauro and Casbah, Ornithopus compressus cvs Santorini and Avila, Ornithopus
sativus cv Cadiz) and a control (fallow) were arranged in a Randomised Completely Block Design with
three replicates. Each block was formed of 16 plots of 5 m x 2 m. Seeds were inoculated by the suitable
rhizobium species and sown at a rate depending on the species and ranging between 10 to 20 kg ha™.

Legumes were sown in December 2002, and the first growth cycle extended over seven months until June
2003. They were then left over the summer on the field (fallow). In the beginning of autumn (September
2003), legumes regenerated and were left to grow for seven months as in the first cropping cycle until March
2005, where they were green manured and followed by two consecutive crops: lettuce (April — May) and
maize (June —October).

Lettuce (variety Faustina) was transplanted on 1 April at a density of 7 plants m? (30 cm spacing between
plants and 50 cm between rows) on the same plots of annual self-reseeding legumes (considered as
treatments).

The growth rate of lettuce plant was assessed at 12-day intervals by evaluating plant height, number of
leaves, leaf area index, dry matter, N uptake, and marketable yield.

After harvest, maize was established to verify the effect of annual self-reseeding legumes in the medium
term. This crop is characterized by a deep root system, in contrast to lettuce’s shallow root system, and is
capable of taking up nutrients from a deeper level.

Maize was sown on 1 July at a density of 8 plants m?. Parameters studied were plant height, dry matter
production, plant N content, grain yield and weed infestation.

Results and brief discussion

All legume treatments had significant positive effects on subsequent crops (lettuce and maize) compared to
the control. In the case of lettuce (Table 1), uptake of N ranged from 26 to 87% more than with the control.
This confirms previous results obtained by Thorup-Kristensen (1994); Thorup-Kristensen and Bertelsen
(1996); Ogren et al. (1998), although large differences in experimental design and general conditions
occurred in these studies.

In the present study, N uptaken by lettuce increased as the plant approached maturity, as was demonstrated
by Thorup-Kristensen and Bertelsen (1996). N taken up by lettuce was likely provided partly by
mineralisation of soil organic matter and partly by the leguminous green manure.

Lettuce yield also increased significantly in all treatments compared to the control (on average 92%). This is
in agreement with results obtained by Henry (1995), where the subsequent crop was a cereal. The increase in
crop yield following legumes is also confirmed by other experiments carried out by Breland (1996) and
Schroder et al.(1997).

Moreover, in the case of maize (Table 2), yields also were significantly higher when legume cultivars
preceded the crop compared with the control. This means that all legume cultivars, significantly benefited
the agronomic performances of maize and its production.

Table 1. Effect of legume treatments on lettuce (at harvest time)

Treatments Leaves Plant LA Dry matter | Plant N uptake Yield
(number) height (cm?) (tha?) (kg ha™) (tha™)

(cm)

T.s. Cv York 35a 18.3a 5759.4 a 23la 4099 a 3490 a

T.m. Cv Bolta 33ab 16.9 ab 4748.4 ab 2.26 ab 39.38a 29.56 a

O.s. Cv Cadiz 28 ab 16.7 ab 3852.3 bc 2.10ab 39.39a 30.72a

O.c. Cv Avila 37a 16.8 ab 4125.6 bc 2.05 ab 38.42a 27.92 ab

T.i. Cv Caprera 34a 18.8a 4792.7 ab 2.06 ab 32.46 ab 30.68 a

T.h. Cv Hykon 33a 185a 4666.6 ab 2.08 ab 32.48ab 34.38a
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Treatments Leaves Plant LA Dry matter | Plant N uptake Yield
(number) height (cm?) (tha™) (kg ha™) (tha™)
(cm)
T.sp. Cv WCT36 35a 14.1ab 4306.3 abc 2.20ab 35.40 ab 29.73a
O.c. Cv Santorini 32ab 17.6 ab 4102.2 bc 2.05ab 35.21ab 29.98a
B.p. Cv Mauro 32ab 16.6 ab 4006.4 bc 2.20 ab 28.93 ab 31.33a
T.g. Cv Prima 3lab 16.6 ab 4506.0 ab 2.15ab 33.99 ab 31.23a
M.s. Cv Orion 32ab 15.1ab 4610.6 ab 1.97 abc 27.62 ab 29.73a
B.p. Cv Casbah 33ab 17.6 ab 4216.3 b 2.10ab 28.23ab 26.48 ab
T.m. Cv Paradana 36a 15.3 ab 4291.3 abc 2.06 ab 34.86 ab 27.81ab
T.s. Cv Dalkeith 34a 16.5ab 4263.0 abc 1.71bc 30.42 ab 22.34 ab
T.v. Cv Cefalu 33ab 16.0 ab 2943.6 cd 1.86 abc 30.82 ab 22.69 ab
Control 24b 131b 2.461.7d 149c 21.82b 1521b

LA: Leaf Area

However, the two crops showed different behaviours in terms of yield and N uptake. In the case of lettuce,
yield increased an average of 92% compared with the control, while with maize it increased only by 15%.
However, the uptake of N increased an average of 55% in lettuce and 113 % with maize. This means that
legume treatments had a better effect on the yield of the first subsequent crop while N N was made more
available for the second crop.

This could be explained either by the mineralisation effect of nitrogen that occurred during the cropping
period of maize or by the root system of maize able to take nitrogen from a deeper level.

Table 2. Effect of legume treatments on maize (at harvest time)

Treatments Plant height (m) Dry matter Plant N uptake Grain yield Weed
(m)) (gm?) (kg hs™) (tha?) control (m?)
T.s. Cv York 2.48 de 106.76 a 154.33 b 9.09 a 5a
M.s. Cv Orion 2.64 bede 110.97 a 205.16 a 7.61 bed 5a
T.s. Cv Dalkeith 3.04a 78.30 bc 131.88d 8.09 b 4a
T.i. Cv Caprera 2.78 abcd 74.49 be 112.99e 7.83 bc 4a
T.v. Cv Cefalu 2.68 abcd 55.50 d 100.97 e 7.67 bc 6a
T.g. Cv Prima 2.93 ab 97.62 b 150.35 bc 8.15b 5a
T.sp. Cv WCT36 2.97 ab 62.40 d 137.32 cd 7.63 bed 8a
T.m. Cv Bolta 2.88 ab 43.95d 84.87 f 7.32 bed 4a
O.c. Cv Santorini 2.87 abc 52.48d 102.87 e 7.24 bed 6a
B.p. Cv Cashah 2.84 abcd 72.65 bc 129.74d 6.91 cd 5a
T.h. Cv Hykon 2.82 abcd 79.20 bc 140.69 bed 7.48 bed 6a
T.m. Cv Paradana 2.77 abcd 38.37d 65.25 h 7.12 bed 7a
B.p. Cv Mauro 2.75 abcd 70.69 bc 128.62 d 7.53 bed 5a
O.c. Cv Avila 2.62 bcde 49.83d 81.18 fg 7.00 cd 5a
O.s. Cv Cadiz 2.49 cde 48.91d 68.08 gh 7.71 bc 6a
Control 2.3e 29.04 e 55.93 h 6.61d 17b

The results also showed that legume green manure had a positive impact on weed control; in fact, the
number of weed plants was very limited in plots where legume cultivars preceded maize compared to the
control (by 70% on average). Through their competitive ability legume cultivars may have limited weed
growth and then the production of weed seeds.

Conclusions

Annual self-reseeding legumes had positive effects on the performance of both subsequent crops (lettuce
and maize). Medicago sphaerocarpa cv Orion, Trifolium subterraneum cv York, T. glanduliferum cv Prima,
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and T. spumosum cv WCT36 gave the best results on both crops and seem most interesting to be integrated
into a rotation programme, although this conclusion should be further verified. It would be interesting to
explore further the effect of N fertilisation by legume on crops over a longer term. It is also of great
importance to note the effect of legumes on weed control in maize production, which is a particularly
important issue in organic farming.

It can be concluded that the integration of annual self-reseeding legumes into Mediterranean organic
cropping systems may contribute substantially to sustaining long-term soil fertility, satisfying cash crops’ N
needs, and markedly increasing production. Nevertheless, although the results are very promising, they still
are very preliminary considering the short duration of the experiment, and should be explored further.

References

Breland T.A. (1997) Modelling mineralization of plant residues in soil: effect of physical protection. Biol
Fertil Soils 25: 233-239.

Grignani, C., Borreani, G., Tabacco, E. and De Falco, E. (2002) Quantificazione dell’azotofissazione nelle
leguminose foraggere. Proceedings della conferenza Ruolo agronomico dell’azotofissazione nelle
leguminose forragere e da granella. Torino, 9-10 Aprile.

Henry, S. (1995) The energetics of cropping systems: A study of two crop rotations utilizing conventional
and zero tillage production methods. Report prepared for Advanced Crop Production course. Dept.
Plant Science, University of Manitoba, Winnipeg, MB, R3T 2N2.

Jarvis, S.C., Stockadle, E.A., Shephered, M.A. and Powlson, D.S. (1996) Nitrogen mineralisation in
temeparate agricultural soils. processes and measurement. Adv. Agron., 57.

Kennedy, I.R. and Cocking, E.C., (1997) Biological nitrogen fixation; the global challenge and future needs.
Rockefeller Foundation Bellagio Conference Proceedings, 83 pp.

Ogren, E., B. Bath, and B. Ramert, (1998) First and second year nitrogen effects of autumn and spring-
incorporated green-manure crops in field vegetable production. Swed. J. Agric. Res. 28:137-146

Pimentel, D., R. Doughty, C. Carothers, S. Lamberson, N. Bora and K. Lee (2002) Energy inputs in crop
production: comparison of developed and developing countries. Food Security & Environmental
Quality in the Developing World. L. Lal, D. Hansen, N. Uphoff and S. Slack. Boca Raton, FL, CRC
Press: 129-151.

Schroder, J.J., Ten Holte, L& Janssen, B.H. (1997) Non-over wintering cover crops A significant source of
N. Netherlands journal of Agricultural science, 45, 231-248.

Thorup-Kristensen, K. (1994) Effect of nitrogen catch crop species on the nitrogen nutrition of succeeding
crops. Fertilizer Research, 37, 231-239.

Thorup-Kristensen, K. and Bertelsen, M. (1996) Green manure crops in organic vegetable production. In:
eds. Kristensen, N.H. and Hgeg-Jensen, H. New Research in Organic Agriculture, Proceedings from
the 11th International Scientific IFOAM Conference, Copenhagen, pp. 75-79.

Thorup-Kristensen, K. and Grevsen, K. (1999) An organic vegetable crop rotation self-sufficient in nitrogen.
Nordisk Jordbrugsforskning, 81(3): 206-214.

ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005 page 21



INTERCROPPING - THE PRACTICAL APPLICATION OF DIVERSITY,
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Abstract

Intercropping (IC) is the simultaneous cultivation of more than one crop species on the same piece of land.
The IC practice offers many advantages to organic agriculture in terms of resource , yield stability, weed
management, and increased diversification of agroecosystem. Field experiments carried out at two sites in
Denmark over three consecutive cropping seasons showed that IC of cereals and grain legumes higher
yields, less weeds, lower infection with plant diseases, and higher grain quality compared to corresponding
sole crops.

Introduction

Planned diversity in time through crop rotation is a key element in an organic cropping system. Arable crop
rotations consist mainly of sole crops (monocrops, pure stands), the more diverse pastures being an
exception. Prior to the mechanization of agriculture and the introduction of pesticides and synthetic
fertilisers, the cultivation of crop mixtures (intercrops) was common; today, however, most crops are grown
as sole crops. Organic crops are commonly assumed to be more diverse, but in most arable organic systems
this is not the case. Cropping systems are based on rotations of single genotype crops, although crop
diversity is known to be a strong management tool (Altieri 1999). Intercropping, the simultaneous
cultivation of more than one species in the same field (Willey 1979) is the practical application of basic
ecological principles such as diversity, competition, and facilitation. Intercropping has been reported to
enhance yield and yield stability (Willey 1979), increase resource use efficiency, especially of nitrogen
(Jensen 1996), and reduce weed infestation (Hauggaard-Nielsen et al. 2001) and the occurrence of plant
diseases and pests (Altieri 1999). Intercropping may also influence subsequent nutrient losses e.g. by
reducing the nitrate leaching potential after grain legumes (Hauggaard-Nielsen et al. 2003). The aim of this
three-year study was to determine how intercropping barley (Hordeum vulgare) and grain legumes (pea
[Pisum sativum], faba bean [Vicia faba], narrow-leaved lupin [Lupinus angustifolius]) in organic systems on
two soil types in Denmark affects yield performance, nitrogen (N) use, weed growth, leaf diseases, and grain

quality.

Methodology

The field experiments were carried out in 2001-2003 at two different sites in Denmark: on a sandy loam soil
and a sandy soil. The temperatures were comparable at the two sites, whereas a higher rainfall was measures
at the sandy soil site during the growing season, especially in June. Two field pea cultivars (Agadir (A) and
Bohatyr (B)), faba bean (Columbo) and narrow-leafed lupin (Prima) were grown as sole crops (SC) and in
two-species intercrops with two spring barley cultivars (Otira (O) and Lysiba (L)). The experimental plots
were laid out in complete one-factorial randomized block designs in four replicates. The intercrop design
was based on the proportional replacement principle, with mixed grain legume and barley grain sown at the
same depth in the same rows 12.8 cm apart at relative frequencies of 50:50. An extra barley sole crop
treatment fertilized with 5 g N m in the form of urea was included. In some years additional 1Cs consisting
of three- (33:33:33) and four-species (25:25:25:25) intercrops were included. Crops were cultivated
according to organic management practice. Diseases were scored following natural inoculation from
surrounding areas. The crops were hand harvested at maturity (1m?), in early August, and separated into
three fractions, i.e. grain legume, barley, and weeds. The samples were dried at 70°C to constant weight, and
dry matter (DM) production was determined. Total N and **N contents were determined using an elemental
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analyzer coupled to an isotope ratio mass spectrometer, and the acquisition of N from different sources was
estimated using the natural abundance method (Peoples et al. 1997). Data was analyzed statistically using
analysis of variance; and LSDy s was used for comparison when main effects or interactions were
statistically significant.

Results and brief discussion

Combined intercrop grain yields were comparable to grain yields of sole cropped pea, but significantly
greater than sole cropped lupin, faba bean and barley yields (Fig. 1). In descending order, the greatest grain
yields were obtained for intercrops containing pea, faba bean, and lupin. Pea was the dominant intercrop
component on both soil types with no significant difference between cultivars. Faba bean dominated in the
intercrop on the sandy loam soil, but not on the sandy soil. Lupin was suppressed by barley at both sites.
Land Equivalent Ratios (LER) (Willey 1979) varied between 1.09 and 1.36, indicating strong
complementarity and advantage from intercropping. In contrast to results from Jensen (1996), yield stability
of intercrops was not greater than that of grain legume sole crops, with the exception of the intercrops that
included faba bean (Fig. 1).
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Figure 1. Average grain yields, yield stability (indicated below the x-axis as %6CV on average yields) of
sole (SC) and intercrops (IC) of two pea cultivars (Agadir and Bohatyr), barley (Otira), faba
bean and lupin, grown at two study sites (a and b) during 2001-2003. Measures of intercropping
advantage estimated using the Land Equivalent ratio (LER) are given on the top of IC bars.
LSDy 05 between crop treatments is given by floating bars

The proportion of plant N derived from N2 fixation by the grain legumes was on average 10% greater when
intercropped compared to sole cropped (Table 1), with faba bean and lupin increasing the proportion up to
20% (data not shown). Intercropped barley was able to take up a more than proportional share of available
soil N, thus forcing the grain legumes to to fulfill their N demand through atmospheric N, fixation. In the
intercrops, N, fixation per area decreased with increasing barley suppression of the pea, indicating that the
barley L cultivar is better suited for intercropping than the O cultivar. The N, fixation of faba bean and lupin
was reduced by competition from barley to a greater extent than was the case for both pea cultivars (data not
shown). Intercrops utilized the soil N sources as efficiently as did the sole crops. Soil N balances showed
that in the long term grain legume-cereal intercrops are not likely to increase soil inorganic N levels, but
rather deplete them, although at a slower rate than in barley sole cropping (Table 1). Weed infestation levels
in the intercrops were comparable to the barley SCs, pea SCs and pea ICs but decreased compared to the
faba bean and lupin ICs grown on the sandy loam soil (Fig. 2). The data confirm that intercropping may be a
means to reduce weed infestation in grain legumes on soils with high weed pressure. Barley—grain legume
intercropping affected disease severity compared to sole cropping. Net blotch (Pyrenophora teres) was the
most serious disease on barley during all three years (up to 25% leaf area affected). Up to 10% Ascochyta
blight was observed on pea. Chocolate spot was the most serious disease on faba bean (up to 25% leaf area
affected). Botrytis and brown spot were observed on lupin in the sandy soil, but at very low levels. A
general reduction (by a minimum of 20%) in disease was observed in all intercrop systems compared to the
corresponding sole crop (data not shown). The magnitude of the reduction varied according to 1) dispersal
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mechanism of the diseases, 2) height of the crops, and 3) anatomy of the accompanying crop, e.g. full leaf

pea gave a larger reduction than semi-leafless pea. For net blotch we analyzed whether increasing the crop

diversity up to four species would further reduce net blotch in barley, but there was no effect of increasing

diversity beyond two-species ICs (Fig 3).

Table 1. Total nitrogen and soil N uptake in sole and intercrops of two barley (Otira and Lysiba) and
two pea cultivars (Agadir and Bohatyr). N; fixation and the %N derived from N, fixation by the
corresponding legumes. Soil N balance for each crop treatment calculated as N inputs from sown
seeds and N, fixation by pea minus grain N output. For further information see figure 1.

Cropping strategy Total N | Soil N | N, fixation | % N derived from N, | Soil N balance g
gNm? fixation N m?
SC Barley O 5.0 5.0 - - -3.8
SC Barley L 45 45 - - -3.3
SC Pea A 20.5 6.0 145 61 19
SC PeaB 19.2 5.7 13.5 62 2.0
IC Barley O x Pea A 14.6 5.1 9.5 68 -0.3
IC Barley O x Pea B 14.1 55 8.6 68 -0.6
IC Barley L x Pea A 17.5 5.0 12.5 72 0.6
IC Barley L x Pea A 17.7 4.6 13.1 70 13
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Figure 2. Weed biomass in sole and intercrops of pea, barley, faba bean and lupin (see also fig. 1).

The effects of intercropping with faba bean and lupin did generally not influence the grain quality of barley;
however, the grain N concentration of barley intercropped with pea was significantly higher than that of the
comparable sole crops, an intercropping effect that was greater than the effect of N fertilization (Fig. 4).
This effect on protein concentration is likely the result of competition between species. Since grain legumes
compete less efficiently for soil N sources than cereals, relatively more soil N is available to the cereal, but
since grain legumes compete for other growth factors, such as light, water, and non-N nutrients, cereals may
not increase their yield in direct proportion to the amount of N available. Thus, the N concentration in DM is
enhanced. Intercropping seems to be a interesting method for securing higher levels of protein in cereals
grown in low input agriculture.

Conclusions

We conclude that the intercropping of arable crops has great potential in organic cropping systems.
Intercropping may enhance and stabilize yields, reduce weeds, and plant diseases and improve resource use.
Improved understanding of the ecological mechanisms associated with planned spatial diversity, including
additional benefits with associated diversity, will potentially enhance the benefits achieved from
intercropping.
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Figure 3. Effect of two-, three- and four-component intercrops of barley, lupin, faba bean and pea on
incidence of barley net blotch.* Disease incidence measured as Area Under Disease progress
Curve (AUDPC). Different letters indicate significant (P<0.05) differences using the Kruskal-
Wallis test. For further information see figure 1.
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Figure 4. Nitrogen concentration of grain from barley grown as sole and in intercrop with pea, faba
bean or lupin. Barley + indicates treatments of sole crop barley with addition of 5 g N m?. For
further information see figure 1.
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Abstract

The conventional corn-soybean rotation in the United States (USA) is a leaky system with respect to nitrate-
nitrogen (nitrate-N), in part because these crops grow only five months of the year. Ecosystem functioning
can be improved with the use of an appropriate fall-planted cover crop, but this practice is not common.
Organic soybean production in the USA typically relies on delayed planting, crop rotation, intensive
harrowing and interrow cultivation for weed control. Research on timing of shredding of a fall-planted
winter rye (Secale cereale L), cover crop in the spring after soybean have been no-till planted into the
standing rye has shown this practice can work for organic producers. On-farm and on-station research in
Minnesota (MN) has documented the importance of rye sowing date, proper field equipment, and timely
field operations. A newly developed rye growth model (RyeGro) predicts rye biomass accumulation and
nitrate-N scavenging capabilities of this system.

Introduction/Problem

The corn (Zea mays L.) — soybean (Glycine max [L.] Merr.) rotation is the predominate rotation in much of
the Midwestern USA. In many counties of this region over eighty percent of the total landscape in a given
year is planted to one of these two crops (Porter, 2000). Nitrate-N leaching from this landscape is known to
be associated with the hypoxic zone in the northern Gulf of Mexico just beyond the mouth of the Mississippi
River (Rabalais et al., 2001). There is recognition of the need to reduce the nitrate-N loss from conventional
production fields (Randall et al., 1997).

The majority of organic soybean production in the USA occurs in the Midwestern states of MN, lowa,
Wisconsin, Michigan, and Ohio. In 2001 these 5 states accounted for sixty-two percent of the total USA
certified organic soybean acreage (Greene and Kremen, 2003). The majority of this acreage is planted on
76-cm rows with a combination of rotary hoeing/harrowing and inter-row cultivation for weed control.
Intensive cultivation is one of the major criticisms of organic production because of its detrimental impact
on some soil quality parameters. Agronomic practices that reduce the need for cultivation are important.
Lengthening the crop rotation to include perennial crops such as alfalfa (Medicago sativa L.) is one method
of reducing cultivation intensity. The benefits of a four-year rotation with respect to yield and economic
returns in organic production systems in this region have been documented (Mahoney et al., 2004; Porter et
al., 2003). Planting soybean into a standing winter rye cover crop provides another method of reducing
cultivation intensity in organic production systems. The practice of no-till drilling conventional soybean into
a fall-planted winter rye cover crop has been shown to reduce nitrate-N leaching from artificial subsurface
tile drainage; a water management practice that is common in the region (Strock et al., 2004).

Methodology

Over the past six years researchers and graduate students at the Univ. of MN have evaluated growing no-till
soybean after a rye cover crop following conventional and organic production practices. Our research has
focused on monitoring nitrate-N and flow characteristics of subsurface water with and without a rye cover
crop; rye variety selection for increased early season biomass and earlier anthesis; timing and method of rye
management where the subsequent crop is soybean; site-specific variability in rye biomass and soybean
yield; and modeling the potential for a rye cover crop to reduce field nitrate-N loss. These research efforts
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have involved replicated trials conducted on Univ. of MN Agriculture Experiment Stations. Simultaneously,
on-farm research / demonstrations have been conducted in collaboration with conventional and organic
producers. These production-scale sites involved the use of a rye cover following corn or wheat (Triticum
aestivum L.) and preceding no-till soybeans.

Results and discussion

Field research has documented the capability of a rye cover crop to scavenge excess nitrogen and moisture
from the soil profile (Strock et al., 2004). In a study conducted at the Southwest Research and Outreach
Center (SWROC) near Lamberton, MN subsurface tile-drainage discharge was reduced 11% and nitrate-N
loss was reduced 13% for a corn-soybean cropping system with a rye cover crop following corn than with
no rye cover crop over a three-year period. The environmental benefits from this practice can have
important agricultural policy implications.

As a follow-up to the Strock et al. (2004) study, a soil-plant-atmosphere simulation model, RyeGro, was
developed to quantify the probability that a winter rye cover crop reduces nitrate-N losses in southwestern
MN (Fig. 1, Feyereisen, 2005). Long-term (2500-yr) simulations using a stochastic weather generator were
used to represent climatic variability of the region. The goal was to provide estimates of seasonal
cumulative subsurface drainage flow and nitrate-N losses to within £20%. The model was calibrated and
validated with local data from sites at the SWROC and St. Paul, MN. Mean nitrate-N losses with and
without rye were 11 and 25 kg-N ha, respectively, from 15 Sept. (rye sowing date) through 30 May (rye
kill date), a reduction of 44%. Fall sowing date dramatically affected rye biomass (Fig. 2) and efficacy of the
practice: sowing dates of 1, 15, and 30 Oct. resulted in mean reductions of 31, 21, and 18%, respectively.
The model inputs are relatively few and simple to obtain, facilitating use of the model for other locations in
the upper Midwest (Feyereisen, 2005).
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Figure 1. Exceedance probability of the Figure 2. Cumulative rye aboveground
difference in subsurface drainage biomass (dry matter, DM) for four fall
nitrate-N losses between a sowing dates. The data represent mean
corn/soybean and a corn/rye-soybean values after 2,500 simulation years at
rotation (A N loss) for two spring kill Lamberton MN using the RyeGro
dates when sown on 15 Sept. at model.

Lamberton MN using the RyeGro
model.

In a concurrent study, a corn-soybean rotation that included a rye cover crop was studied at two locations in
2002 and 2003 to evaluate rye removal timing for no-till soybean production. Fall-planted rye following
corn harvest was managed the next spring by five rye and weed management strategies: (i) mowing once,
(ii) mowing twice, (iii) one glyphosate herbicide application, (iv) two herbicide applications, and (v)
mowing once followed by a herbicide application, with four initial mow dates beginning 1 May separated by
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approximately one week. Timing of rye removal influenced subsequent rye regrowth, weed growth and
soybean yields (De Bruin, 2004; De Bruin et al., 2005). Regrowth after mowing prior to stem elongation in
early to mid-May was similar to growth of uncut rye, but decreased dramatically when rye was mowed at
anthesis in early June. At Rosemount in both years low weed populations and the presence of the rye cover
crop, when properly managed, had only a minimal affect on soybean yield, resulting in the one-pass mowing
system being equally profitable as the no-rye two-pass herbicide system. At Waseca, where weed
populations were high for several species the rye cover crop treatments without subsequent herbicide
application did not provide adequate control, making these systems less profitable. Our research indicated
soybean yields following a rye cover crop were often comparable to yields where no rye cover crop was
grown, but economic returns were usually reduced due to cost and planting of rye seed.

Rye historically has been bred as a grain crop, not as a cover crop. Organic producers are interested in using
rye as a cover crop for weed control. However, timing of rye removal is critical and must be managed in a
way that provides the greatest level of weed suppression without impacting soybean yield. Trials were
conducted at five locations across MN to evaluate five rye varieties for (i) increased early season biomass,
and (ii) earliness to anthesis compared with common rye varieties grown in MN (‘Rymin’ and ‘Prima’)
(Porter, 2001). Increased early season biomass would add ground cover and quicken canopy closure,
thereby reducing weed seed germination and weed seedling vigor. When rye is removed too early,
vegetative regrowth can act as a weed thus increasing the potential for reduced soybean yield. There is less
potential for rye regrowth when mowed at or near anthesis (DeBruin, 2004). Typical rye varieties in MN
reach anthesis in early June. A rye variety that reaches anthesis in mid- to late-May would be advantageous
because it would allow for a slightly longer soybean growing season. Results indicate that there is little
variation in date to anthesis among currently available rye cultivars. There was variation in early season
biomass production; however, year-to-year climatic variability greatly over-shadows this variation (Table 2).
A breeding program for the desired traits of earliness to anthesis and increased early-season biomass
production is recommended.

In addition to year-to year variability, there can also be significant within-field variability in early-season
rye biomass. Site-specific research on a certified organic field at the Southern ROC near Waseca in 2003
documented tremendous variation (as much as 100%) in rye biomass and soybean yields across the field.
Variation in rye biomass and soybean grain yield was attributed to differences in soil type and soil fertility.
These results suggest that site-specific knowledge about soils and pest populations is an important
consideration when implementing a rye cover crop system.

On-farm research and demonstrations evaluated a number of rye varieties and agronomic management
characteristics utilizing field scale equipment. Rye seeding rate and seeding date comparisons suggested that
a doubling of the seeding rate from 65 to 130 kg ha™ resulted in slightly more spring biomass and validated
the importance of early fall seeding. VVarious techniques have been evaluated to manage rye prior to or
following soybean seeding. Planting soybeans first, then shredding the rye reduces the likelihood of ‘hair-
pinning’ the residue in the seed furrow with the seed and provides for better weed control. Typically in this
region soybean is planted mid- to late-May and the rye is shredded at anthesis in early June, just above the
soybean canopy. One drawback is that the climatic conditions don’t always cooperate, and field conditions
can be too wet for timely field operations.

The production of certified organic no-till soybeans following a rye cover crop is not common in the USA,
but several producers have been successful with this cropping system. Reasons for their success include
using proper equipment, timely field operations and proper variety choice (Porter, 2004). Seeding rye early
and at a sufficient rate for good fall ground cover helps ensure better weed control. Reasons for failure
include poor rye stands resulting in poor weed control, poor management timing, and equipment problems.
If the rye stand is poor and the weed pressure is large, it may be advisable to use tillage to remove rye prior
to stem elongation, plant wide-row soybeans, and cultivate. The impulse and desire to plant the soybean and
shred the rye too quickly in the spring should be avoided.
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Table 1. Rye aboveground biomass, % N in tissue, and total N uptake in early spring from five rye
varieties planted at five Minnesota locations in 2001 and 2002

Location Avg. over % of
Morris Lamberton |Waseca Roseau St. Paul locations Homil21
Spring 2001 rye biomass
Rye planted: 10-Oct-00 5-Oct-00 26-Sep-00 15-Sep-00  |18-Sep-00 - -
Rye sampled: 6-May-01 6-May-01 6-May-01 30-Apr-01  |7-May-01 -- --
Variety: kg ha-1

Rymin 79 103 238 984 2320 745 75
Dakota 48 91 200 593 2200 627 63
Homil21 118 234 471 1190 2950 994 100
Homil22 101 217 280 936 1920 692 70
Dacold 97 217 370 1210 2440 867 87
Avg. 79 154 278 878 2110 700 -

Avg. % N 3.22 3.79 4.10 250 2.23 3.17 -
Avg. kgNha! (2.8 6.4 12.4 238 525 19.6 -

Spring 2002 rye biomass

Rye planted: 27-Sep-01 28-Sep-01 18-Oct-01 6-Sep-01 27-Sep-01 - -
Rye sampled:  [15-May-02 [15-May-02 [15-May-02 |17-May-02 |10-May-02 - -
Variety: kg ha-1

Rymin 872 1930 1180 1870 3390 1850 86
Dakota 969 1480 619 1690 2960 1540 71
Homil21 1110 2470 1320 1970 3930 2160 100
Homil22 1160 1980 1530 1920 3830 2080 96
Dacold 810 1810 1310 1940 3290 1830 85
Avg. 983 1930 1190 1880 3480 1890 --

Avg. % N 4.35 3.30 3.09 3.18 2.94 3.37 --
Avg. kg N ha* 43.0 63.9 36.2 59.6 101.9 60.9 --

Conclusions

The need for utilizing a winter cover crop in Midwestern USA cropping systems has been documented with
respect to reducing nitrate-N loss from the landscape. In organic production systems it is possible to produce
optimum soybean yields when planted no-till into a fall-planted rye cover crop. Rye is an excellent cover
crop because of its winter hardiness, ability to grow at relatively low temperatures, and weed suppressing
capabilities. Although there has been some evaluation of rye varieties for their early-season biomass
production and reduced time to anthesis, more breeding research is necessary. The soil-plant-atmosphere
simulation model RyeGro predicts spring rye biomass and nitrate-N scavenging capabilities. Timely rye fall
planting and spring shredding, coupled with timely soybean planting and appropriate equipment, are
necessary for this production system to work successfully.
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Abstract

This paper aims to evaluate the effects of the cover crop type (Vicia villosa monoculture vs. V. villosa and
Hodeum vulgare polyculture) and the type of fertilization (organic vs. chemical) on the structure of the weed
community (biomass, number of species, diversity and evenness) and its invasibility through the
experimental introduction of Brassica sp. seeds as a target invader species. Results show that weed biomass,
species richness and diversity of the weed community are significantly reduced by inter-cropping, but are
not affected by the type of fertilization. In organic plots, the density increases and the complementary
pattern of polyculture resource use reduces weed abundance and Brassica sp. invasion, while the rapid
emergence and fast growth of weeds can explain the Brassica sp. invasion resistance in monoculture. In
contrast, chemical fertilization favours Brassica growth.

Introduction

Cover crops have a wide variety of uses, including erosion control, improvement of the soil’s physical
properties, maintenance or increase of nutrient availability, pest management by attracting beneficial insects
or disturbing pest life-cycles, and weed management. Cover crops can be incorporated into the soil through
tillage, which is called green manuring, or, alternatively, cover crop residue can be retained on the soil
surface through no-tillage and zone tillage techniques and used as mulch. The purpose of using cover crops
for weed control is to replace unmanageable weed populations with a manageable cover crop. Weed
suppression will be effective when crop establishment occurs before weeds appear. Furthermore, harvest and
deposition onto the soil also facilitates weed control because of the germination inhibition of cover vegetal
residues. Atmospheric nitrogen-fixing legumes are the main cover crop species; however, several grasses
and crucifers (usually sowed together) are also used (Liebman et al., 2001).

The use of hairy vetch (Vicia villosa Roth) as a sole crop and the addition of common barley (Hordeum
vulgare L.) to manage weeds is studied in this experiment. Slow establishment and rapid decomposition are
the main constraints of the V. villosa sole crop. However, the addition of H. vulgare means that the total
biomass increases, the barley grows faster and contains allelopathic chemicals, and it adds structure for the
V. villosa to grow on. Because of the combination of plants, the barley has a higher nitrogen content than it
would if it was grown alone. The left-over biomass has a C/N ratio low enough to prevent immobilization of
nitrogen and the decomposition rate decreases when it is incorporated into the soil.

While the effects of intercropping and sowing density on weed suppression have been studied by several
authors (Liebman & Dyck, 1993; Mohler & Liebman, 1987; Hauggaard-Nielsen et al., 2001), few studies
have evaluated the structural changes of weed communities related to intercropping and density increase
(Palmer & Maurer, 1997). Taking into account that the resources use of V. villosa and H. vulgare for
intercropping is higher, we hypothesise that intercropping leads to better weed population suppression and
consequently to a decrease in species number and diversity and an increase of evenness. The pattern of
resource availability is important to weed population management because it can affect density, emergence
time and weed-crop interactions (Liebman et al., 2001). Generally, the rate of nutrient release in organic
fertilization is slower than in inorganic fertilization. Several authors indicate that inorganic fertilization
decreases crop competition and consequently decreases weed population suppression (Liebman &
Robichaux, 1990).

The relationship between complexity and stability has attracted the interest of ecologists for a long time.
Empirical and theoretical studies of invasion processes have led to the hypothesis that a high level of
biodiversity may increase the resistance of a community to invasion (Elton, 1958; Rejmanek, 1989). Several
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studies of plant invasions, however, find little support for this hypothesis and argue strongly against it.
Nonetheless, the lack of control of extrinsic factors (e.g. disturbance, climate, or soil fertility) that co-vary
with biodiversity and invasion in most studies makes it difficult to determine if their findings truly refute
Elton's hypothesis (Naeem et al., 2000).

Methodology

The effect of intercropping and fertilization on the structure of the weed community. The experiments were
carried out simultaneously in Berkeley and Barcelona, both areas with a Mediterranean climate.
Homogeneous fields at the Gill Track (Berkeley) and at the Experimental Station of the University of
Barcelona were selected. At the Gill Track, three 5m x 5m areas (replicates) were delimited and four
equidistant 2m x 2m plots were established, while three 3m x 7.5m areas with four equidistant 3m x 1.5m
plots were delimited in Barcelona. Two randomly selected plots were fertilized with compost (500 g m?,
10.35 g N), and the other two were chemically fertilized (50 g m? de NH3SO,, 10 g N). Within each
fertilization type, one randomly selected plot was sown with V. villosa (28.3 g m?) and the other with V.
villosa and H. vulgare (28.3 g m? and 42.5 g m for V. villosa and H. vulgare respectively). Aboveground
biomass was periodically collected from each plot to evaluate crop and weed vegetation growth. Biomass of
V. villosa, H. vulgare and weeds was evaluated in both experiments, whereas weed biomass was sorted by
species in the Barcelona experiment. Biomass was dried at 60°C for 48h to calculate aboveground dry
weight.

The effect of intercropping and fertilization on resistance to invasion. The experiment was carried out at the
Gill Track. Three 5 m x 5 m areas were selected and four equidistant 2m x 2m plots were established. Two
randomly selected plots were organically fertilized and the other two were inorganically fertilized. One
organically fertilized plot and another, inorganically fertilized, were sown with V. villosa, whereas the other
two plots were sown with V. villosa and H. vulgare. Seeds of Brassica sp. (36 seeds m2) were sown 15 days
after crop emergence. Aboveground biomass was periodically collected from each plot to evaluate crop and
weed vegetation growth. Biomass of V. villosa, H. vulgare, Brassica sp. and weeds was evaluated
periodically. Biomass was dried at 60°C for 48h to calculate aboveground dry weight.

Statistical analysis. The effects of crop type (sole vs. intercrop) and fertilization (organic vs. chemical) on
the crop and weed biomass, weed suppression and resistance to invasion were studied by an analysis of
variance. The structure of weed vegetation was evaluated in terms of species richness, Shannon diversity
index (H’) and evenness (J). The effects of crop type and fertilization on species richness, diversity and
evenness were also studied by an analysis of variance. Data were transformed where necessary to achieve
normality and homoscedasticity of residuals. A non-parametric Kruskal-Wallis test was used when
transformed data were not normalised. Analyses were carried out using the SPSS Statistical Package (2002).

Results and brief discussion

The effect of intercropping and fertilization on the structure of the weed community. Crop biomass was
significantly greater in intercropping than sole crop plots (Barcelona: F1,11 = 35.08, p < 0.001); Berkeley:
x2 = 8.396, d.f. = 1, p = 0.004). Weed biomass was significantly greater in monoculture than polyculture
plots (Barcelona: F1,11 = 62.25, p < 0.001; Berkeley: 42 = 8.396, p = 0.004). Weed suppression, assessed as
the relationship between weed biomass and total biomass, was significantly higher in polyculture than
monoculture in the Barcelona (F1,11 = 47.39, p < 0.001) and Berkeley (F1,11 =53.27, p<0.001)
experiments, whereas weed suppression was not related to fertilization (Barcelona: F1,11 = 1.50, p = 0,255;
Berkeley: F1,11 = 1,60, p = 0,246). Species richness was significantly higher in monoculture than
polyculture plots (F1,11 = 20.45, p = 0.002). The number of species did not vary significantly with the
fertilization type (F1,11 =0.16, p = 0.705). Diversity was significantly higher in monoculture than
polyculture plots (x2 =5.66 , d.f. = 1, p 0.017). Furthermore, diversity was significantly higher in
organically fertilized monoculture plots than in inorganically fertilized monoculture plots (F1,5 = 36.00, p =
0.004). Evenness was significantly higher in organically fertilized (F1,9 = 66.39, p <0.001) and polyculture
plots (F1,9 = 9.31, p <0.023).

Our results show that cover crops are an important component in several rotation systems and offer the
possibility of suppressing weed populations through competition. Both cover crops pre-empt resources and
consequently reduce weed population growth. However, weed suppression was lower in V. villosa sole crop.
The inability to suppress weeds in plots sowed with V. villosa in Berkeley was due to slow establishment of
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the crop and the rapid emergence and growth of weeds (Figure 1). Mohler and Liebman (1987), Hauggaard-
Nielsen et al. (2001) and Haymes & Lee (1999) also found that cereal addition to legume monocultures
increases weed suppression. No differences in the competitive ability of crops related to fertilization
treatment can be explained by the chemical fertilizer used because ammonium sulphate mimics the organic
fertilizers because the ammonium goes though nitrification to nitrate before most plants can uptake it.
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Figure 1. Weed suppression, assessed as the relationship between weed biomass and total biomass,
related to the cover crop type, monoculture of Vicia villosa (M) and polyculture of V. villosa and
Hordeum vulgare (P), and the fertilization type, organic (O) and inorganic (1). For each
experimental station, columns with a different letter indicate significant differences between
treatments with the LSD test, p <0.05.
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Figure 2. Species number (right), diversity and evenness (left) related to the cover crop type,
monoculture of Vicia villosa (M) and polyculture of V. villosa and Hordeum vulgare (P), and the
fertilization type, organic (O) and inorganic (I). Columns with a different letter indicate
significant differences between treatments, p < 0.05.

Competition intensity was more important in controlling species richness and relative abundance than crop
species diversity. The density increase and complementary resource use of the intercrop minimizes niche
overlapping and competition among species, making it possible to pre-empt a greater amount and wider
range of resources than sole crops (Vandermeer, 1989). These results are in accordance with the hypothesis
that intercropping suppresses weed populations and consequently decreases species richness and diversity
and increases evenness. Mohler & Liebman (1987) also found that more productive crops have lower weed
biomass and species number and also reduce the relative importance of dominant species. Complementary
studies by substitution series at different densities make it possible to separate effects of density and crop
diversity.

The effect of intercropping and fertilization on resistance to invasion. Crop growth was significantly higher
in polyculture than monoculture (F;1; = 17.07, p = 0.003) with regard to barley because the biomass of hairy
vetch did not vary (Fs11 = 0.25, p = 0.859). The poor growth of hairy vetch in monoculture plots led to an
important increase of weed biomass (x~ = 8.196, p = 0.004). Brassica sp. biomass was higher in
inorganically than organically fertilized plots, although only marginally (Fy1; = 4.176, p = 0.075). The
importance of invasion, evaluated as the relationships between the Brassica biomass and the total biomass,
was significantly higher in inorganically fertilized plots (F11; = 5.57, p < 0.05). Our results show that
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organic fertilization increased the resistance to invasion in the V. villosa sole crop and V. villosa / H. vulgare
intercropping. In organically fertilised plots, the density increase and complementary pattern of resource use
in the intercrop reduced the establishment of weed populations and Brassica sp. invasion, whilst rapid
emergence and fast growth of weed populations can explain the invasion resistance in the V. villosa sole
crop. In contrast, chemical fertilization favours Brassica growth. Liebman (1989) and Liebman and
Robichaux (1990) indicate that fertilization by ammonium sulphate decreases a crop’s ability to compete for
light and nitrogen and consequently increases leaf area, photosynthetic rate and growth of Brassica hirta.
As indicated by Liebman et al. (2001) the fast nutrient release of chemically fertilised conventional systems
is usually of advantage to weeds because their nutrient uptake during the early phases is faster and more
efficient than that of crops and consequently offers competitive advantages, particularly at high density.
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Figure 3. Biomass of Vicia villosa, Hordeum vulgare, weeds and Brassica sp. (left) and invasion
success (right), assessed as the relationships between the Brassica sp. biomass and total biomass,
related to the cover crop type, monoculture of V. villosa (M) and polyculture of V. villosa and H.
vulgare (P), and the fertilization type, organic (O) and inorganic (I). For each biomass
compartment, columns with a different letter indicate significant differences between treatments,
p <0.05.
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Introduction

In organic wheat, nitrogen is one of the key limiting factors responsible for irregular productivity and low
quality (David et al, 2005b), 5 to 50 % less than conventionally managed crops (Nieberg and Schulze Pals,
1996). On arable farms, the decreasing use of N-organic sources such as forage legumes, manures and
composts relative to mixed-farms requires the development of suitable fertility strategies based on the use of
off-farm organic fertilizers. Numerous mechanistic crop models simulating the dynamics of crop
requirements and N supply in the soil (e.g. CERES, EPIC, APSIM, ARCWHEAT STICS) have previously
been developed (Whisler et al, 1996). Although these models are highly used in research, their complexity
and input requirements have limited their practical use for farmers and advisers. The aim of this study was to
develop an engineering approach (Passioura, 1996) by the development of a decision-making tool for
assessing N management of organic wheat on commercial farms. Azodyn-Org crop model was developed in
organic agriculture to predict the influence of spring N fertilization strategies on grain yield, grain protein
content, mineral N in the soil at harvest and gross margin (David et al., 2004). This simpler model requires
little input data, which are easily measured in farmers’ fields (soil characteristics, climatic data, crop
biomass and mineral N in the soil at the end of winter). The performance of Azodyn-Org was relevant for
selecting appropriate strategies in a large range of environment and crop management conditions (David et
al., 2005a). This paper focuses on the potential contribution of model-based explorations from Azodyn-Org
for managing N fertilization in organic wheat crops at the regional scale.

Materials and methods

A scenario analysis exercise was conducted within the collecting areas located in the Rhone-Alpes region
(France) under different cropping systems. The collecting areas were characterized by weather and soil
conditions defining 12 different situations. In this illustration, two farming systems were compared - mixed
farms vs arable farms. The mixed farm was characterized by a lucerne (3yr)-cereal (3yr) crop rotation and
regular bovine manure N application of 30 t.ha-1 (every 2yr). The arable farm was characterized by a cereal
crop rotation (4yr) without organic manure application.

Rule-based simulations (Rossing et al, 1997) were developed to (1) determine the influence of cropping
systems and crop management on yield performance and grain protein content, (2) evaluate the benefits of
an organic N application and (3) define optimal spring fertilization strategies (N amount, and timing of
application and frequency) according to farmers’ conditions. First, the incidence of N amount from 0 to 180
kg. N.ha-1 was evaluated under three reference stages of application (Zadocks 25, 30 and 32). Secondly, the
optimal stage of application and frequency was defined, for the optimal N amount, from tillering stage to the
last leaf emergence. The simulations were done over 15 years historical weather information.

The fertilization strategies were evaluated according to the gross margin, calculated as :
GM pred = CAPs + (Y pred * Pip) - Vc

CAPs : Community Agricultural Policy subsidy fixed at 275 €.ha-1

Y pred : Predicted yield in t.ha-1

Pip : Price in €.t-1considering the predicted protein level

The references, based on existing prices, defined the values of 21.3 €.t-1 under 9 g per 100 g and 29 €.t-1 at
9 g per 100 g. Above 9 g per 100 g, 0.8 €.t-1 was added for each 0.5 g per 100 g in protein concentration to
reach 33.5 €.t-1 above 12 g per 100 g.

V¢ : Variable costs in €.ha-1 with Vc = Vo + (Ni*Pf + a*10)
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Vo : other costs including labour force and equipment (soil preparation, weed control and harvesting) as 198
€.ha-1

Ni : Nitrogen input in kg N.ha-1
Pf : Organic fertilizer price as 3.5 € per kg.N-1
a : number of N applications

The fertilization strategies were selected and ranked when the relative gross margin compared to non-
fertilized treatment was above 75 €.ha-1; this threshold was defined to represent the mean significant
difference (test with LSD<0.05) on gross margin between two treatments (David et al, 2005a).

Results and brief discussion
Influence of environmental conditions on N management

The first goal of the model-based approach was to determine the influence of soil and weather conditions on
yield performance and protein content. Figure 1 illustrates the incidence of soil and weather conditions on an
unfertilized wheat crop. This approach can be used to draw quality territories within the collecting area,
taking into consideration existing farming systems and fertilization practices (information easily obtained
through farm enquiries, advisers’ expertise or statistical data).

Influence of farming systems on N management

Another goal of our approach was to evaluate the N contribution of the cropping systems to yield
performance, grain protein content, and gross margin. Figure 2 illustrates the incidence of farming systems
on gross margin; On mixed farms, N contribution from lucerne and organic manures induced yields that
frequently were above 4.5 t.ha-1 linked with variable protein content from 9 to 11.5 g per 100g. On arable
farms, yield was frequently under 4.5 t.ha-1 linked with protein content around 10 g per 100g.

Agronomic and economic interest of spring N application

Rule-based simulations allow one to define optimal fertilization strategies according to agronomic
conditions (soil and weather conditions, influence of other limiting factors, cropping systems); For instance,
the optimal rate of N applied varied from 30 to 150 kg N ha-1 and timing of N application varied from
Feekes 5 to Feekes 7 on a wheat crop where limiting factors were controlled (data not shown). Thus
Azodyn-Org helps to define agronomic conditions where spring N application was of economic interest or
guaranteed improvement of the grain protein content above the millers’ requirement (i.e; 10.5% in France).

Influence of limiting factors

David et al, (2005a) concluded that Azodyn-Org was relevant for selecting appropriate strategies only if the
effects of major limiting factors (e.g. weeds, diseases, soil compaction) on yield were well known (the
model could accept an estimation error around 20%). Figure 3 illustrates the effect of limiting factors (weed
competition, soil compaction, water stress, etc.) on relative gross margin given by optimal strategies. The
relative gross margin was between 100 and 300 €.ha-1 under controlled situations, while it was under 150
€.ha-1 under uncontrolled situations. The development of an early risk-assessment method to predict the
effect of major limiting factors is required before this tool is provided to users (David et al, 2005b).

Conclusion

This model-based approach could help users to adapt the farmer’s production according to their agronomic
conditions (weather and soil conditions, farming systems, control of limiting factors) and to optimize
segregation of harvested organic wheat related to agro-industrial requirements (millers, biscuit, noodles,
livestock feed), on the basis of their possible grain protein content predicted from the model. Furthermore,
this rule-based simulation models could be used for tactical exploration of wheat management aimed at
adjustment of farmers’ constraints and firms requirement. Further development of the tool is an ongoing
activity that should improve the ability to consider the influence of others limiting factors, its user-
friendliness, and its performance.
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Abstract

Organic farming is an alternative to conventional farming for providing sustainable crops with high export
demand. This review analyses research findings on organic farming in Australia, with an emphasis on soil
health. Several reports have indicated that organic farm management generally improves soil physical
properties in Australia and elsewhere. Although low nitrogen (N) availability can constrain yields, organic
farmers can improve N supply through legume green manures. Plant available phosphorus (P) is a more
serious limiting factor in organic farming, particularly in Australia with naturally low P levels. Phosphorus
is less easily replaced in the soil than N, and there is a need for alternate sources of organic-certified P and
methods to enhance P availability from existing inputs such as rock phosphate. The role of micro-organisms
in improving soil health nutrient availability is discussed, as well as the use of P accumulator crops such as
Acacia and Tithonia, which could be incorporated as border crops or green leaf manure.

Introduction

Organic and low-input farming systems are an alternative to conventional farming systems, with the
potential to enhance agricultural sustainability and food quality (OECD 2003, Parr 2003). Organic producers
commonly report that weeds, pests and diseases are their greatest challenge; however managing soil fertility
also remains a major limitation (Walz 1999). Although organic principles and practices originated in
northern Europe, they have been adopted around the world in regions with vastly different soils, climates,
environmental issues and production systems. In Australia, growth in organic production is estimated at 15-
25% annually and is expected to continue because of strong domestic demand and Australia’s ability to
supply expanding markets overseas, especially in Asia (Alexandra and May 2004). While the economic
prospects are promising for Australian organics, growers face some particular challenges due to infertile
soils, high climatic variability and large distances between farms and input sources (Malcolm et al. 1996)
and the use of stockless systems is also common amongst organic growers (Hudson 1996). Fertility
management in Australian organic farming may not be adequately addressed with European methods. Of
specific concern are the findings of Penfold (2000) and Kirchmann and Ryan (2004) which indicate that
plant available P is a limiting factor in organic farming due to the low natural abundance and slow rate of
release from organic-permitted fertilisers, usually rock phosphate (RP).

This review analyses research findings on soil fertility in organic farming in Australia. Due to a limited
number of comparative studies in Australia, comparative trials from around the world are also considered.
The review is based on scientific papers and reports in which soil characteristics are compared for organic,
conventional and other farming systems

Results and brief discussion

Soil physical properties

Research reports have generally indicated that organic farm management improves soil physical properties
on Australian farms, partly due to the build up of organic matter (Wells et al. 2000, Dumaresq and Greene
2001). An exception was Ashley et al. (2003) who reported that organic management increased soil
penetration resistance over the short term (3 years), due to compaction from farm machinery. Organic
materials are routinely used in large quantities on many organic farms and the literature generally indicates
that organic farms have similar or better soil structure than conventional farms (Shepherd et al. 2002). Also,
Shepherd et al. (2002) have highlighted the important role of the volume and quality of soil organic inputs
used regardless of the farming systems. Sarkar et al.(2003) reported that addition of organic material
improves the aggregate stability, moisture retention capacity and infiltration rate. The widely reported
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increase in organic carbon in soils under organic management underlies many of the commonly observed
modifications to the physical and other properties of the soil (Wells et al. 2000).

Soil chemical properties

The availability of N can limit yield in some organic production because of low levels of immediately
available mineral N from organic sources. On the other hand, the slow mineralisation of N from organic
sources in organic systems may reduce N leaching, which causes soil acidification and contaminate ground
water supplies (Wells et al. 2002). Several strategies are available to supply N and overcome limitation, for
example, using crop rotation with legumes, green manuring and applying manure or compost (Watson et al.
2002, Ryan et al. 2004). In an Australian study of broadacre mixed farming systems, soil available N was
found to be maintained in the organic system but increased in conventional system in a 8-year trial with
different crop rotations (Penfold 2004). Available potassium (K) and sulphur (S) concentrations under
organic farming systems have also been observed to be significantly lower under adjacent conventional
systems, for example, in pasture/arable crop rotations (Nguyen et al. 1995) in New Zealand.

Penfold (2000) identified low soil P in Australian soils as a major limiting factor in mixed broad acre
organic farming systems in South Australia, a result confirmed by Ryan et al.(2004) who observed that low
P availability resulted in wheat yield reductions of 17 to 84% in an organic mixed farming system in
southern NSW. The low P availability seen in some organic systems is a consequence of reduced P inputs
due to the low solubility of RP and to the higher input cost of non-acidulated RP sources and processed
animal manures relative to conventional alternatives (Penfold 2000). Recent research into soil chemical
changes in intensive vegetable production showed that although the available P was lower in the organic
system compared to the conventional, the available P increased from the baseline status in the organic plots
and the P level was more than adequate for vegetable growing (Wells et al. 2000). Further research is
necessary given the often slower release of P from acceptable organic RP sources (Evans et al. 2003). There
may also be scope to increase P cycling and availability in organic systems through the use of P accumulator
plants. For example, in a study in south-eastern Australia with mixed plantings of Acacia mearnsii and
Eucalyptus globulus, the Acacia species not only fixed significant quantities of N, but also enhanced P
cycling through litter fall (Forrester et al. 2005). The value of P accumulating plants such as Tithonia has
also been reported in other low-input farming systems (Kwabiah et al. 2003), highlighting the potential use
of perennial crops that can be incorporated in organic cropping as border crops or leafy green manures.

Soil biological properties

Soil organic matter and biological activity are generally higher under organic system than conventional
systems (Dumaresq and Greene 2001). However this is not always the case, for example in England total C
and microbial biomass C often showed no consistently significant differences in soils under organic and
conventional management (Watson et al. 2002, Ashley et al. 2003). Where organic systems have higher
biological activity, this may result from compost application which can substantially increase soil microbial
biomass compared to application of chemical fertiliser. Compost application has been found to contribute to
chemical and biological health in many regions of the world including Asia (Manna et al. 2003), Australia
(Wells et al. 2000), and the United States (Drinkwater et al. 1995). The benefit to plant growth may be
derived indirectly by facilitation (e.g. an improved soil biological condition) rather than the direct effect of
nutrient. For example, Knudsen et al.(1999) found in Denmark that the population of beneficial micro-
organisms was higher under organic vegetable production, and that the reverse was true of plant pathogens.
Not all studies show increases in beneficial soil organisms in organic systems. For example, Scullion et
al.(2002) observed no differences in the earth worm population in organic and conventional farms.

Biofertilisers (soil inoculants) have been identified as a means of increasing soil fertility and crop production
in sustainable farming (Sivapalan et al. 1993). Some fungal organisms present in natural ecosystems, e.g.
vesicular-arbuscular mycorrhiza (VAM), are maintained under organic farming but may be severely
depressed under conventional farming, suggesting a potential loss of ecosystem function under conventional
farming (Penfold 2000). Though VAM can potentially increase P uptake by acting as an extension of the
plant root system, it was found to have negligible effect under intensive organic or conventional mixed
cropping systems in southern Australia (Ryan and Ash 1999, Ryan et al. 2000). Biodynamic and
conventional soils have been found not to develop significantly different processes to enhance plant nutrient
uptake (Ryan and Ash 1999) and the high colonisation of VAM in an organic system did not overcome the
serious P deficiency experienced in that system (Kirchmann and Ryan 2004).
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As a result of the complex interactions between different system components, fertility management in
organic farming relies on a long-term integrated approach rather than the more short-term very targeted
solutions common in conventional agriculture (Ashley et al. 2003).

Conclusions

Australian organic farms differ from European farms in a number of important ways, especially variable
rainfall, less fertile soils, less use of animals of farming systems, and long distances between input sources
and output points. The literature shows that soil physical properties are often improved under organic
farming in Australia as well as overseas. When compared to N, S and K, P management is risky particularly
in Australian soils with low native P. There is a need for alternate sources of organic-permitted P and
methods to enhance P availability from existing inputs such as RP. Crops such as Acacia which accumulate
high biomass P may have the potential to provide an alternative source of P. Biological soil characteristics
are also reported to improve or remain unchanged under organic systems. Organic systems that receive
organic amendments such as compost and mulch commonly have an increase in microbial biomass,
compared with systems without such amendments. In some Australian organic farming systems, the
beneficial effects of soil micro-organisms are inadequate to supply the growing crop and maintain the soil
health. In these cases there is a need for some alternative strategies to be developed for organic production to
be sustainable
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Abstract

Plants take up nitrogen principally in the form of nitrate and ammonium; however, evidence is growing that
they can also utilize organic nitrogen in the form of amino acids and soluble proteins. We are conducting
research to determine whether wheat grown in soil fertilized with organic N utilizes more organic N directly
than wheat grown with inorganic N. We are also testing for differences in uptake of amino acids between
pre 1930s varieties and modern varieties of wheat to determine whether this trait has been selected for or
against by breeding under high inorganic N input. Preliminary results show both wheat varieties Arco and

Madsen take up 14¢ Jabelled glycine under sterile conditions. Further experiments to determine the role of
microbial competition are underway. Selecting varieties well adapted to competing for organic N could be
an important means of maximizing productivity in organic and low input agricultural systems as plants gain
more effective access to a wider pool of available nutrients in any given time.

Introduction

Recently, many researchers have demonstrated the important role of organic N uptake in nutrient-limited
systems such as the arctic tundra (Lipson and Néasholm 2001). Both mycorrhizal and non-mycorrhizal plants
have been shown to compete effectively for organic N sources (N&sholm et al. 2000). The fact the amino
acids are taken up intact and not first mineralized has been demonstrated conclusively using GC-MS
methods (Persson and Nasholm 2001).

It is increasingly evident that this phenomenon is not limited to arctic systems. In fact, significant organic N
use has now been documented in many different natural systems the world over (Lipson and Nasholm
2001). However, whether organic N use is important in agricultural settings is still controversial. It is
widely assumed that in systems characterized by high nutrient turnover and additions of inorganic fertilizers,
plants would not be effective competitors for less mobile forms of nitrogen.

Research on organic N uptake by agricultural crops is very limited. The ability of several agricultural plants
such as barley, castor bean and maize to take up amino acids in pure culture has been demonstrated.

Chapin et al. (1993) showed that barley only grew half as well on amino acids as opposed to NO3- or NH4+.
However, Schobert and Komer (1987) showed that uptake of amino acids by castor bean was similar to
NO3- and NH4+. Using a model based on existing data, Jones and Darrah (1994) predicted maize could
capture at least 30% of its nitrogen as amino acids depending on soil concentrations.

Yamagata and Ae (1996) showed that soil inorganic N and estimated mineralization rates did not account
for total N uptake in upland rice when fertilized with rice cake. Nasholm et al. (2000) demonstrated that
four species of agriculturally important hay meadow species captured up to 19-23% of total glycine supplied
in situ as intact amino acid. Highest rates were observed in mycorrhizal species. In a similar experiment
Streeter et al. (2000) documented uptake of amino acids by dominant grasses in temperate upland
grasslands. Néasholm et al. (2001) showed that field-grown wheat was able to capture 20 % of supplied
amino acid in intact form. No evidence of mycorrhizal infection was found, showing that this is not a
necessary prerequisite for intact glycine uptake. However, in a laboratory experiment, Owen and Jones

(2001) showed that wheat only captured 6% of 14¢ 1abelled glycine over a period of 24h in competition
with the microbial biomass.

An intriguing study conducted by Matsumoto et al. (2000) showed that carrot and Chinese turnip are able to
take up intact proteinacious N material from the soil. Due to the relative abundance of proteins in soil, they
suggest proteins may be even more important in plant nutrition than amino acids.

Even a small total capture of amino acids by crops could be highly significant in terms of overall nitrogen
acquisition, especially in organic or low input systems. Scheller et al. (1997) showed agricultural soils on
organic farms contained significantly higher quantities of amino acids than neighboring conventionally
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farmed soils. Organic N might account for a greater portion of total N uptake in agricultural systems
characterized by low available nitrate but high organic matter, such as organic or low input systems.

Selective breeding under low input conditions is also crucial. Plants selected for their ability to compete
effectively for organic N sources would be highly desirable in organic systems relying primarily on the
decomposition of cover crops to meet N demand. This ability could give crops a critical advantage, as
inorganic N release from organic sources can be slow and difficult to predict.

The role of mycorrhizae in nitrogen capture is also likely to be important. Arbuscular mycorrhizae have
been shown to transfer both organic and inorganic nitrogen to their host (Hawkins et al. 2000). In addition
pre 1950s wheat cultivars are known to be more heavily dependent on mycorrhizal associations (Hetrick et
al. 1992).

In order to determine whether modern breeding efforts under high inorganic N input may have been
inadvertently selected against the ability of wheat to take up amino acids from soil, we are testing the
following hypotheses: 1. Wheat varieties grown before the widespread introduction of inorganic fertilizers
will have a greater ability to capture amino acids from soil. 11. Wheat will take up a greater proportion of
intact amino acids from soil high in organic matter and low in inorganic N.

Methodology

Seeds of two wheat varieties, Madsen (1988) and Arco (1928) were surface sterilized in 10% bleach, soaked
in sterile water overnight and then planted in sterile 5ml pipette tips filled with sterilized sand and
transferred to the greenhouse. After 10 d the surface of the tubes were sealed with melted paraffin wax and

2.5ml of lAC labelled glycine injected into the side of the tube at concentrations of 5, 1.5, 0.6, 0.3, 0.15, 0.03
and OmM with 5 replicates per treatment. After 24h, shoots were removed into individual test tubes and
dried at 60°C. Roots were removed from the sand, washed carefully in a 0.02mM CaCl2 solution, and dried
as above. Dried samples were weighed before combustion in a Biological Oxidizer and the 14C measured

14
in a Perkin Elmer liquid scintillation analyzer. Background C levels present in the controls were
subtracted from treatment values and uptake of glycine calculated as ug glycine per g of plant material.

Results and brief discussion

Uptake of glycine from sterile sand, was linear in root material in the range measured for both varieties
Madsen (y = 0.3072x — 0.0289 R2 = 0.99) and Arco (y = 0.2004x + 0.0033 R2 =1) (Figure 1). Maximum
14C labelled glycine in roots was 1.59 and 1.10 ug / g root in the two varieties respectively. Uptake of 14C
labelled glycine to the shoots was also linear in Madsen (y = 0.0112x + 0.032 R = 0.69) with a maximum
concentration of 14C labelled glycine of 0.09 ug / g shoot (Figure 2). Uptake into shoots was not linear in
Arco, however, with maximum concentrations of 0.04 only. The difficulty in obtaining consistent results
from leaf tissue has been documented in the literature and is probably due to 14CO2 loss through catabolism
(Nasholm et al. 2000). These results indicate that the modern variety Madsen took up a larger quantity of
glycine than the pre 1930s variety Arco. Visual observation suggested that Madsen had a more extensive
root system, although total root mass was not significantly greater (Madsen 9.5 g vs. Arco 7.4 g, p< 0.2).
This would suggest that enhanced root vigor might incur the added benefit of greater or faster organic N
uptake. Many studies have shown significant cultivar variation in a number of root parameters such as
weight, length, depth and rate of penetration and overall morphology (O’Toole and Bland 1987), prompting
efforts since the 1970s to include root vigor and morphology into breeding programs. In order to determine
the significance of these results these data need to be compared to similar experiments in soil so that the
magnitude of microbial competition can be determined. It will also be necessary to determine the
percentage of glycine to total N uptake under both high and low organic matter conditions. In order to select
or develop crop varieties best suited to low input conditions, the role of arbuscular mycorrhizae in organic
and inorganic nitrogen capture will need to be determined.
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Figure 1. Uptake of *C labelled glycine by 10 d old wheat seedlings presented as ug glycine per mg
root material at a series of glycine concentrations.
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Figure 2. Uptake of 14C labelled glycine by 10 d old wheat seedlings presented as ug glycine per mg
shoot material at a series of glycine concentrations.
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Conclusions

« Research in organic N uptake in natural systems has already significantly impacted how we model N
dynamics in natural soils and this re-evaluation must be extended to agriculture.

« Cropping systems using organic N sources are likely to increase the proportion of N uptake as organic
molecules

« Genetic diversity in plant organic N uptake ability would have important implications for selective
breeding of varieties suited to organic and low input cropping systems

« Uptake of organic vs. inorganic N sources is likely to affect N metabolism in the plant, with repercussions
on crop health, quality and storability.
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Abstract

Primary production balance (PPB) indicates the ratio (*) between harvested nutrients and nutrients put into
crop production from outside the system (=primary nutrients). The PPB is independent of the final output
(crop vs. animal products) and can be used to evaluate different systems (farms). The utilization of nitrogen
(N) was evaluated by means of the PPB on nine organic farms, stockless and mixed ones, in eastern Finland.
The mixed farms were able to reach a remarkably higher primary production balance (1.0 — 1.2) compared
with the stockless ones (0.5). Values higher than 1.0 indicate recirculation of nutrients. Other components of
the high PPB were legumes as nitrogen source and optimum livestock density.

Introduction

Nutrient balances (farm-gate balance, surface balance or cattle balance) only indicate an absolute load of
nutrients as a difference between input nutrients and output nutrients (kg or kg/ha); basically they do not tell
anything about the efficiency of nutrient utilization.

It is also possible to count a ratio between output and input. Sometimes this type of ratio has been used as a
measure of efficiency of nutrient utilization. As long as the system is simple enough, i.e. stockless farm
without any recycling nutrients, the output/input ratio indicates the efficiency of nutrient utilization.
However, as soon as a system involves recycled nutrients, the output/input ratios are difficult to interpret
(Myrbeck 1999).

From an ecological point of view there is only one production process in the agricultural system, i.e. crop
production or primary production. Primary production can be used either directly as human food or fed to
animals. Nutrient load and nutrient utilization, i.e. efficiency to utilize nutrients, are two separate
dimensions. If only crop products are produced, the nutrient load is less than an equal amount (kg nitrogen)
of animal products, even the efficiency to utilize nutrients is equal. This is because more crop products are
needed to produce an equal amount of animal products.

In order to reduce the nutrient load there are two choices: either to produce less or to improve the efficiency
of nutrient utilization. Since the amount of primary production is highly dependent on the priorities in the
human diet, it can be taken as a given constant. According to this assumption, the harvested yield (Y) to
external nutrient input (=primary nutrients, P) ratio alone indicates the nutrient utilization in any system. The
concept of primary production balance (PPB) is based on this fact (Seuri 2002).

The aims of this study were:
= To introduce a new method, primary production balance, for the evaluation of nutrient utilization
= To demonstrate and find the key factors to reach a high utilization rate of nutrients

(*) Note: the term “balance” is used to indicate a difference (input — output) or ratio (output/input); the unit
of difference is kg or kg/ha, the unit of ratio is either per cent or no unit.

Methodology

A more profound analysis was made on nitrogen utilization on nine organic farms in eastern Finland. Data
was collected by personally interviewing farmers in 2004. An overall picture was drawn on how the farms
were functioning and, to ensure the validity of data, the results were discussed personally with the farmers.
The estimations of harvested yield (dry matter & nitrogen) were adjusted with the number of animals and
total animal production. The nitrogen contents of all organic materials within the system (crops, fodder,
bedding materials, seeds, animal products, purchased manure) were estimated by means of standard figures,
unless measured values were available. Atmospheric deposition, 5 kg nitrogen/ha, was included as input.
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All the main nutrient flows were identified. However, because of the steady-state assumption (i.e. balanced
systems, no change in reserve nutrients in soil) and estimation of biologically fixed nitrogen the results may
include some error.

Biological nitrogen fixation was estimated using harvested legume yield: the assumption was 50 kg nitrogen
per 1000 kg harvested dry matter of legume. That means that roughly 70 % of the total nitrogen content in
the legume biomass originated from BNF. The assumption was derived from the Swedish STANK model
(STANK 1998), the Danish model by Kristensen et al. (1995) and the Finnish model by Vaisénen (2000).
On all farms the most important legume was red clover. However, some white clover and alsike clover were
grown in perennial mixture lays, too. Besides pea, which was the most important annual legume crop, some
annual vetch was grown.

Farm-gate balance, surface balance and primary nutrient balance were calculated for each individual farm
(Table 1). Primary nutrient balance can be calculated from the following two equations (Seuri 2002):

m PPB = Y/P where Y =total harvested yield
P = primary nutrients (=external nutrients)
() PPB = U x C where U = utilization rate (=surface balance)

C =circulation factor = (P + S)/P
S = secondary nutrients (=recirculated nutrients)

Equation (I) follows the definition of PPB. Equation (11) illustrates two components of PPB: utilization rate,
which is equal to surface balance, and circulation factor, which indicates the importance of recirculated
nutrients in the system. There is a major difference between stockless farms and livestock farms. Since there
are no recirculated nutrients (S) on stockless farms, the circulation factor is always 1.0. On livestock farms
the circulation factor is always higher than 1.0.

To illustrate the difference between primary and secondary nutrients and to point out the role of
recirculation in order to improve the nutrient utilization, some simple simulation was made on two stockless
farms. The farms produce some fodder and receive some farmyard manure (FYM) from the neighbouring
farm. The initial balance (A) indicates utilization in case manure from the neighbouring farm is external
nutrient input (primary nutrient). The simulated balance (B) indicates the utilization in case all the harvested
fodder yield is used on the farm for dairy cattle. It is assumed that 25 % of the nitrogen in the fodder is sold
out from the farm in the form of milk and beef and 25 % is lost in the gaseous form before the manure is
spread on the field. The rest of the nitrogen (50%) remains in the manure.

The average utilization rate of the primary nitrogen in the agriculture in Finland was calculated from
statistics. Rough estimations and comparisons were made between the farms in this study and national
average utilization rates.

Results and brief discussion

The PPB of nitrogen fell in the range 1.0 — 1.2 on all mixed farms except for farm 7, i.e. the farms were able
to harvest more nitrogen than they received as an input into the crop production from outside the farm.

Both stockless farms reached a PPB as low as around 0.5; the dairy farm simulation increased the PPB up to
0.8.

The SB of nitrogen fell in the range 0.6 — 0.75 on all mixed farms and by definition PPB and SB are
identical in a stockless system (around 0.5), i.e. in any system without re-circulated nutrients. The FGB of
nitrogen correlated strongly with production type, being around 0.3 on dairy farms and around 0.2 on beef
farms. Analogously to PPB and SB, FGB was identical on stockless farms (around 0.5). The dairy farm
simulation decreased the FGP down to 0.19 on farm 8 and down to 0.3 on farm 9.
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Table 1. Comparison between primary production balance (PPB), surface balance (SB) and farm-gate
balance (FGB) of nitrogen on nine organic farms in eastern Finland. Farms 8B and 9B are
simulated from 8A and 9A, respectively.

Farm Production Primary  Total N Harvested PPB SB FGB Circulation N surplus
type N input on field N yield factor
(kg/ha) (kg/ha) (kg/ha) (kg/ha)
1 dairy 60 92 69 1.15 0.75 0.34 153 40
2 dairy 68 108 75 111 0.69 0.3 1.60 49
3 dairy 53 83 56 1.06 0.68 0.3 1.56 44
4 beef 69 113 84 1.22 0.7 0.18 1.64 60
5 beef 65 113 73 1.13 0.65 0.20 1.74 53
6 beef(+crop) 52 89 50 1.06 0.62 0.17 1.70 48
7 goat(+crop) 56 73 45 0.80 0.62 0.30 1.30 55
8A crop 87 87 49 0.56 0.56 0.56 1.0 39
8B ” dairy” 63 87 49 0.77 0.56 0.19 1.39 51
9A crop 66 66 34 0.51 0.51 0.51 1.0 33
9B “dairy”(+crop) 49 66 41 0.84 0.62 0.3 1.36 34

Simulation on farm 8 shows clearly the role of recirculation and the difference between PPB and SB. On
farm 8, the only difference between the real farm and the simulated farm is the method of definition of the
origin of input nitrogen, i.e. the initial yield harvested and the initial amount of nitrogen available in the field
are exactly the same. On farm 8A, all the nitrogen in FYM from the neighbouring farm is considered as
primary nitrogen analogous to the nitrogen in artificial fertilizers or the nitrogen from BNF. This is
analogous to any nitrogen input which increases the total amount of nitrogen in the system. On farm 8B, the
nitrogen in the FYM from the neighbouring farm is considered as secondary nitrogen analogous to the
nitrogen in FYM originating from the farm. This is analogous to any recycled nitrogen which does not
increase the total amount of nitrogen in the system. However, the SB method does not identify the origin of
the nutrients in the field, i.e. unlike PPB, SB remains constant on farm 8. The higher PPB value on the
simulated farm 8B indicates higher efficiency of primary nitrogen utilization, thereby a lower nitrogen load
potential.

On farm 9B there are some green manure fields, from which yield is harvested instead of ploughing directly.
Therefore the SB is influenced by simulation on farm 9, but otherwise it is analogous to farm 8.

In Finland (1995 — 1999), calculation of nitrogen balance in agriculture shows that the annual total primary
nitrogen input (artificial fertilizers, atmospheric deposition and symbiotically fixed nitrogen) is about 100
kg/ha. The total harvested nitrogen yield is about 74 kg/ha, respectively (Lemola & Esala 2004). Thus, the
PPB in agriculture averages 74 kg/ha / 100 kg/ha = 0.74, indicating serious lack of nutrient re-cycling.
However, there is huge potential to recycle nutrients in agriculture, because 80 % of the total crop yield is
used as animal fodder.

In this study, all the livestock farms exceeded the value 0.74, range 0.8 — 1.2, average around 1.0. The high
PPB on nitrogen was not only due to recycling but also to biological nitrogen fixation. The main source of
primary nitrogen input was symbiotic fixed nitrogen by legumes. The utilization rate of nitrogen by legumes
is clearly higher than for any other source of nitrogen into a system. In most cases about the same amount of
nitrogen was harvested than was symbiotically fixed, i.e. the utilization rate is approx. 100%.

In addition, the balance between livestock and field area (fodder production) was of major importance in
reaching a high PPB. Whenever the livestock density was increased by means of purchased fodder, the
utilization of farmyard manure was poor and resulted in lower PPB (farms 3, 6 and 7). Self-sufficient fodder
production was the optimum. The farms with high PPB had also a slightly higher yield level than farms with
lower PPB.

On the other hand, two stockless organic farms indicated that without recirculation an organic system cannot
utilize nitrogen very efficiently. On these farms the primary source of nitrogen consisted of legumes, but
because the legume crop was partly used as green manure, there were heavy losses of nitrogen with resultant
lower total PPB.
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Conclusions

It was fairly easy to calculate the primary production balance for each of the nine farms included in this
study. The estimation of biological nitrogen fixation and harvested nitrogen yield are, however, obvious
sources of error. The assumption of steady state is not necessarily valid in all cases.

Even though crop production causes only minor nutrient load compared with animal production, it does not
necessarily mean that crop farms utilize nutrients effectively. Using the PPB it is easy to compare different
farms. The results of this study show clearly that livestock farms are able to reach a remarkably higher PPB
compared with crop farms despite the very low farm-gate balance on livestock farms.
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Abstract

Given the principles of organic agriculture, nutrient cycling in Dutch organic farming can be characterised
as imperfect, mainly because of large imports of nutrients from conventional agriculture and from abroad.
Recently, research has been initiated into the perspectives for better closing nutrient cycles by intensifying
the exchange of (by-)products between organic farming sectors. The linear programming model was
developed to quantify under different scenarios the agronomic consequences of further closing nutrient
cycles in terms of changes in land use and exchange of (by-)products.

Better closing of nutrient cycles requires an increase in the proportion of Dutch feed ingredients in animal
diets, an increase in the proportion of feed and leguminous crops in rotations, an increase in the export of
manure from the organic dairy sector and an increase of the import of ‘acceptable’ nutrients from society.
Depending on the sector and the degree in which ‘undesirable’ nutrient imports are banned, current sizes of
the main farming sectors will have to change to be in equilibrium, i.e. a situation in which total organic
manure production determines organic crop areas and crop productivity per ha and vice versa. Closing
nutrient cycles will result in an extensification of Dutch organic farming and an increase in cost prices.

Introduction / Problem

The principles of organic agriculture inter alia include to work compatibly with natural cycles through the
soil, plants and animals in the entire production system and to create a harmonious balance between crop
production and animal husbandry (IFOAM). Agriculture shaped according to these principles aims at closed
nutrient cycles of N, P and K. Current Dutch organic agriculture is far from this goal: nutrient cycles at
farm, regional and national scale are open and underlying nutrient balance sheets are unbalanced (Hofstad &
Schréder, 2002). The cycles are open due to compensation of nutrient exports to society by imports from
conventional agriculture (animal manures, feed ingredients) and from abroad (feed ingredients, mineral
ores) (Bos & De Wit, 2005). For example, only 20% of the total manure N use by Dutch organic arable
farmers has to be of organic origin. The majority of the organic farmers use organic inputs only according to
the minimum legal requirements, as they are scarce and more expensive. Due to the lenient Dutch
regulations regarding the origin of feeds and manures, Dutch organic agriculture could adopt one of the
main strategies of conventional agriculture, i.e. that of specialisation. This has, amongst others, resulted in
unbalanced nutrient balance sheets (Hofstad & Schrdder, 2002; Prins, in prep.). Hence, Dutch organic
agriculture can be characterised as strongly specialised, with as main sectors dairy and pig farming, arable
cropping and vegetable cropping, and with weak links between these sectors in terms of size and exchange
of (by-)products. With reference to the principles of organic agriculture and in response to expected future
legislation (CEC, 2003), part of the Dutch organic community considers this situation as undesirable and has
initiated research into the perspectives for better closing nutrient cycles by means of an intensification of the
exchange of (by-)products between the different organic farming sectors.

Better closing nutrient cycles in organic farming requires a better mutual tuning of sectors, such that (1) total
organic feed production determines the number of animals that can be kept and their production levels, and,
vice versa, (2) total organic manure production determines crop areas and crop productivity per ha. Such a
mutual tuning will have drastic consequences for current Dutch organic farming systems.

The aim of this paper is to analyse the effects of further closing nutrient cycles in Dutch organic agriculture.
With reference to these effects, numerous ‘what if’ questions can be posed. Such questions addressed in this
paper consider the agronomic configuration of entire Dutch organic production systems (in terms of land
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areas devoted to the main sectors, land use within each sector, exchange of (by-)products between sectors,
productivity per ha and per animal, etc.), varying in the degree to which ‘undesirable’ nutrient imports from
conventional agriculture and/or from abroad are banned, as influenced by contrasting scenarios for future
legislation.

Methodology

Modelling enables a transparent and consistent quantification of the design of entire Dutch organic
production systems and allows ex ante assessment of the impact of changes in the policy environment on
these production systems. The linear programming model developed in this study optimises the
configuration of Dutch organic farming systems, subject to a set of constraints, for one of a set of objectives
by selecting from a large set of organic agricultural activities. Activities comprise sets of coherent
operations, each corresponding to a particular way of producing a crop or animal product. Each activity
defined is eligible for adoption in organic farming and defined by so-called input-output coefficients. Input-
output coefficients are strongly linked to the goals pursued with the production system (e.g. food production,
income generation, maintenance of soil fertility) and describe types and amounts of inputs required (e.g.
manure, rock phosphate) and outputs produced (e.g. animal products, crop products). In addition to its
contribution to the objective, each activity also claims scarce resources, such as land, animal feed or manure.
The sum of the claims of all activities is then subject to a constraint, dictated either by an a priori set value
or by the production of the resource as determined by other activities.

The values of input-output coefficients for organic systems are based on scientific literature, results from
research projects with organic farmers, expert knowledge and existing models. They are specific for the
Dutch situation on sand and clay soils. The sectors considered are arable and open air vegetable cropping,
pig farming and dairy farming.

Definition of organic farming activities and their input-output coefficients

Defined arable activities refer to crop rotations. Nineteen crops were selected, representing root and tuber
crops, leguminous crops, grain and grass crops, vegetable crops and feed crops. Crops are combined in 5500
defined 6-year rotations, using the model ROTAT (Dogliotti et al., 2004). The rotations are designed in such
a way that soil-borne pests and diseases do not influence crop yields. If possible, a green manure crop is
cultivated, the type depending on the previous and following crop. Soil structure is taken into account by
alternating root and tuber crops with crops that restore soil structure (e.g. grains, grass, legumes). Crop
yields, crop responses to nutrient application and effective organic matter inputs are based on experiments
(Schroder et al., 2003), data derived from a large scale innovation project with organic arable farmers
(Wijnands et al., 2002) and, if necessary, data on conventional agriculture (Ten Berge et al., 2000; Bos,
2002). If sufficient information is available, two N application rates are considered: the recommended rate
for organic farming and a rate aiming at a yield of 90% of that at recommended rate. This offers a leeway
towards lower nutrient inputs, or extensification, in arable farming. Products are either sold at the market or
fed to livestock. For each crop rotation, crop yields, N, P and K requirements and effective organic matter
input are calculated.

Input-output coefficients of organic dairy farming systems are quantified per ha grass/clover and refer to
feed requirements and feed imports, annual milk production, nutrients in cattle slurry exported to the
arable/vegetable cropping sector and nutrient balances. The values of the coefficients have been quantified
with a model called FARMMIN (Van Evert et al., 2003). Feed requirements of dairy cows depend on annual
milk production per cow, of which three rates are defined. Feed requirements can be met with grass/clover
consumed during grazing and with conserved grass/clover, maize, grains and/or field beans. Maize and
grains can be produced within the dairy farming system itself or be imported from the arable sector. Field
beans can only be imported from the arable sector. The amount of cattle slurry available for arable/vegetable
cropping activities is determined by the proportion of cattle slurry collected inside the stable and the
proportion of this slurry applied within the dairy farming system itself. The amount of cattle slurry collected
inside the stable depends on the grazing system. Two grazing systems are considered: day-and-night grazing
and day-grazing only, in the latter case with maize supplementation inside the stable. The amount of slurry
used within dairy farming systems is set to either 0 or 100 kg total-N per ha grass/clover. Per ha
grass/clover, various stocking rates are defined, influencing feed requirements and milk and slurry
production per ha.
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Organic pig farms in the Netherlands are largely landless and rely on purchased feeds. Defined pig
production activities in this study refer to growing pigs only, with feed requirements and productions of
meat and slurry as the main input-output coefficients. Quantification is based on Hoste (2004) and Vermeij
et al. (2005). Growing pigs can be fed three diets. One of these diets is according to current practice, with a
considerable proportion of feed ingredients imported from abroad. The other two diets are fully composed of
ingredients which can be cultivated in the Netherlands and have to be supplied by feed crop production
activities in the arable sector.

Set up of calculations

In a first round of calculations with the linear programming model, the current configuration of Dutch
organic farming is simulated. This is achieved by forcing the model to select crop and grass/clover areas and
animal numbers according to the current situation, while allowing the import of ‘undesirable’ inputs such as
manures from conventional origin, feed ingredients imported from abroad and mineral ores. In subsequent
rounds, the consequences of closing nutrient cycles in terms of changes in land areas devoted to the main
sectors, land use within each sector, exchange of (by-)products between sectors and productivity per ha and
animal are explored by gradually restricting the use of the ‘undesirable’ inputs: 1) reduction of the use of
externally produced manure and other nutrient sources and 2) reduction of the use of externally produced
feeds.

Results and brief discussion

The model proved to be able to simulate the present situation in Dutch organic agriculture rather well. For
arable farming the current areas for the main crops can be achieved, for dairy farming the current milk
production can achieved on the available area grassland and fodder crops and the current number of pig
places can be realised, all at the same time.

The results indicate that to contribute to closing nutrient cycles in Dutch organic agriculture, the organic pig
sector should substitute feed ingredients imported from abroad by Dutch feed ingredients. Increasing the
proportion of Dutch feed ingredients in diets for pigs may impair the protein supply to pigs and hence the
performance of pig production.

Dutch organic crop and vegetable producers will have to increase feed production. They need to increase the
area of leguminous crops in their rotations in response to a reduction in the use of conventional manures and
the imminent scarcity of organic manures that are already relatively expensive. The increase of the area
under feed and leguminous forage or green manure may or may not be at the expense of organic food crop
production. Increasing these areas without affecting food crop production obviously implies that the organic
cropping sector should increase in size.

Just as the pig sector, the organic dairy sector can contribute by increasing the proportion of Dutch
ingredients in feed. Organic dairy farms are more than self-sufficient with respect to N supply due to the
availability of manure and use of grass/clover mixtures. The dairy sector can therefore export a larger part of
the manure to the plant production sectors, than is the case currently, thus contributing to crop yields.
However, increased manure export from the dairy sector also implies a partial shift of imminent P and K
shortages from arable/vegetable farms to dairy farms.

The intensification of the exchange of (by-)products between different organic sectors does not resolve the
large, structural leakage of nutrients from organic farming systems to human consumers. Compensating this
leakage requires first of all the identification of acceptable nutrient sources in society to import into organic
farming systems. It should be realised that nutrient cycles cannot be closed completely, as losses will always
occur, not least through harvested produce (Hofstad & Schrdder, 2002).

Better closing nutrient cycles in Dutch organic farming systems results in a general extensification and an
increase in cost prices. Higher cost prices cannot be fully translated into higher consumer prices without
jeopardizing sales of organic products. This places the Dutch organic farming community in a dilemma: the
choice between accepting the use of undesirable inputs in organic farming but with a reasonable prospect for
future sales, or shaping organic farming according to its principles, but with a more limited perspective for
sale of produce and hence limited perspectives for growth.
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Conclusions

Better closing nutrient cycles requires an increase in the proportion of Dutch feed ingredients in animal
diets, an increase in the proportion of feed crops and leguminous forages and crops in rotations, an increase
in the export of manure from the organic dairy sector to arable/vegetable farms and the import of acceptable
nutrient sources from society back into organic farming systems. Depending on the degree in which
‘undesirable’ nutrient imports are banned and nutrient cycles closed, the different farming sectors will have
to be more or less tuned to each other to reach an equilibrium, i.e. a situation in which organic feed and food
production is based on organic manure production and nitrogen fixation and vice versa. In any case, better
closing nutrient cycles will result in an extensification of Dutch organic farming and an increase in cost
prices.

References

Bos, J.F.F.P. & De Wit, J. (Eds.). (2005) Intersectoral co-operation in organic farming: an inventory of
bottlenecks. Report Wageningen University and Research Centre/Louis Bolk Institute,
Wageningen/Driebergen, The Netherlands. [In Dutch]

Bos, J.F.F.P. (2002) Comparing specialised and mixed farming systems in the clay areas of the Netherlands
under future policy scenarios: an optimisation approach. Ph.D. thesis, Wageningen University, The
Netherlands.

CEC (2003) Commission Regulation (EC) no 2277/2003 of 22 December 2003 amending Annexes | and |1
to Council Regulation (EEC) No 2092/91 on organic production of agricultural products and
indications referring thereto on agricultural products and foodstuffs. Official Journal of the European
Union L 336, 68-69.

Dogliotti, S., Rossing, W.A.H. & Van Ittersum, M.K. (2003) ROTAT, a tool for systematically generating
crop rotations. European Journal of Agronomy 19, 239-250

Hofstad, E.G. & Schrdder, J.J. (2002) Nitrogen and phosphate fluxes in Dutch organic farming: an
imperfect nutrient cycle. Report 48, Plant Research International, Wageningen, The Netherlands. [In
Dutch]

Hoste, R. (2004) Cost price quantification of organic pig farms. Report 2.04.08, Agricultural Economics
Research Institute, The Hague. [In Dutch]

IFOAM (2004) The principles of organic agriculture. www.ifoam.org/pospap/principles_of_oa.html

Prins, U. (2005) Inputs in organic agriculture in the Netherlands. Louis Bolk Institute, Driebergen, The
Netherlands, in prep.

Schréder, J.J., Steenhuizen, J.W., Jansen, A.G., Fraters, B. & Siepel, A. (2003) Yield, nutrient losses and
soil fertility at an organic arable farm as influenced by fertiliser levels. Report 69, Plant Research
International, Wageningen, The Netherlands.

Ten Berge, H.F.M., Withagen, J.C.M., De Ruijter, F.J., Jansen, M.J.W. & Van der Meer, H.G. (2000)
Nitrogen responses in grass and selected crops. Report 24, Plant Research International, Wageningen,
The Netherlands.

Van Evert, F., Ten Berge, H., VVan der Meer, H., Rutgers, B., Schut, T. & Ketelaars, J. (2003) FARMMIN:
modeling crop-livestock nutrient flows. ASA/CSSA/SSSA, Annual Meetings Abstracts, November 2-
6, 2003, Denver, CO. [On CD]

Vermeij, I., Spruijt-Verkerke, J. & Van Krimpen, M.M. (2005) Intersectoral co-operation between organic
arable farming and organic pig and poultry husbandry. Report Animal Sciences Group, Wageningen
University and Research Centre, in prep.

Wijnands, F.G., Schréder, J.J., Sukkel, W. & Booij, R. (2002) Organic farms: a closer look. Organic arable
and vegetable farming put in perspective. PPO Report 303, Applied Plant Research, Lelystad, The
Netherlands. [In Dutch]

ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005 page 55



NITROGEN EFFICIENCY IN ORGANIC FARMING USING A GPS PRECISION
FARMING TECHNIQUE

Koopmans C.J. and M. Zanen

Louis Bolk Instituut, Hoofdstraat 24, 3972 LA, Driebergen, The Netherlands, 0031-343-523860,
c.koopmans@louisbolk.nl www.louisbolk.nl

Key Words: farming systems, GPS-controlled traffic systems, soil structure, low input, nitrogen efficiency

Abstract

A GPS-controlled precision farming technique using the same tracks in the field year after year offers the
opportunity to improve soil structure. Organic dairy manure sludge was applied at 40 and 14 ton/ha
corresponding to farmers’ practice and phosphate equilibrium respectively. Effects on soil structure, nutrient
use efficiency and spinach yield were evaluated. Manure inputs could be reduced by 65% with comparable
yields in traditional tillage and GPS-controlled precision tillage on permanent tracks.

Introduction

In the coming years, agriculture in the Netherlands will be forced to produce more high quality produce with
smaller inputs of fertilisers. Organic agriculture should play a leading role and set an example for
sustainable soil management. This implies greater nutrient use efficiency and fewer inputs. GPS-controlled
precision tillage using the same tracks in the field year after year offers the opportunity to improve soil
structure. The tracks become compacted, improving trafficability (Vermeulen & Klooster, 1992). Our
hypothesis is that the soil structure of the remaining beds will improve, providing better aeration and rooting
for the crop and access to necessary nutrients. This would mean that nutrient use efficiency would improve
in GPS-controlled precision tillage systems. The aim of this study was to assess the effects of a GPS-
controlled precision tillage system using permanent tracks on soil structure, nutrient use efficiency and
spinach yield. The study was carried out at an organically-managed arable farm in the Netherlands.

Methodology

In a four-year study (2003-2007) the impact of lowering manure input levels in organic farming was studied
in combination with GPS-controlled precision tillage. In 2004 spinach was used as a study crop in an on-
farm experiment on an 80 ha organic vegetable farm in Langeweg (N. Br), the Netherlands. The soil in the
study was characterized as loam (2.6% organic matter, 23% clay, pH-KCL 7.4). The experimental plots
(6.3x25 m) were arranged in the open field according to a randomised block design with 4 replications,
resulting in 16 experimental plots. Half of the plots were treated using GPS-controlled tillage, half of the
plots with traditional organic tillage using no specific tracks in the field. Fertilisation was applied at two
levels: 40 and 14 ton/ha dairy manure sludge (NPK= 4:1,5:5,5) corresponding respectively to farmers’
practice (100%) and to phosphate equilibrium (35%) in the spinach based on total rotation. The
experimental treatments are shown in table 1.

During the growing season, nitrate-N (NO3-N) levels in the soil, soil structure and resistance were
determined. NO;-N in the soil was measured for each plot 1 month after fertilisation to a depth of 30 cm, as
described by Koopmans & Brands (1993).

Soil structure was determined visually with a qualitative soil scan. Soil structure was rated as a percentage
of crumbly, round and angular structures, using a modified method according to Shepherd (2000) as
described in Koopmans & Brands (1993).

Soil resistance was measured to a depth of 50 cm, using a penetrometer. At harvest time, crop yield and crop
quality indicators (N, P) were determined. Nutrient use efficiency was calculated as the N-application rate
with fertilisation divided by the total N amount taken up by the plant. Data were analysed with GENSTAT
7.2, ANOVA.
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Table 1. Tillage and fertilisation treatments

Treatment Tillage Fertiliser Nutrient application (kg/ha)
system application N P205 K20
1 Traditional 100% (=40 ton/ha) 160 60 220
2 Traditional 35% (=14 ton/ha) 56 21 77
3 GPS precision 100% 160 60 220
4 GPS precision 35% 56 21 77

Results and brief discussion

Nitrate-N levels in the soil, one month after fertilisation were significantly higher (P<0.05) with the 100%
fertilisation treatment (81 kg NO3-N/ha) compared to the 35% fertilisation treatment (54 kg NO;-N/ha).
Using GPS-controlled precision tillage resulted in more crumbling and less angular properties of the topsoil
compared with the traditional organic system (figure 1 left and right).

Soil structure traditional Soil structure GPS precision
03-06-2004 03-06-2004

0% 25% 50%  75% 100% 0% 25% 50%  75%  100%

# crumb & round mangular #crumb = round mangular

Figure 1. Left: soil structure with traditional tillage system. Right: soil structure with GPS-controlled
tillage system.

Soil resistance was lower when using the GPS-controlled precision tillage technique (figure 2).
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Figure 2. Penetrometer resistance of the soil with GPS-controlled tillage and traditional tillage.

There was a significant difference in the effect of fertilisation on yield between the 100% and 35%
fertilisation treatments. The highest yields were obtained from plots with a fertilisation level of 100%. GPS-
controlled precision tillage resulted in a significantly higher yield than traditional tillage. Interestingly there
was no significant difference between yields in plots with GPS-controlled precision tillage with 35%
fertilisation and traditional tillage with 100% fertilisation (figure 3). Nutrient use efficiency was
significantly higher with the 35% fertilisation treatment (87%) as compared to the 100% fertilisation
treatment (44%). GPS-controlled tillage a showed higher mean nutrient efficiency (71%) compared to
traditional tillage (59%).
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Figure 3. Mean spinach yield in 4 treatments: 35% fertilisation + traditional soil treatment; 35%
fertilisation + GPS precision treatment; 100% fertilisation + traditional soil treatment, and
100% fertilisation + GPS precision treatment. Different characters indicate significant
differences between the four treatments (Genstat Anova, P<0.05).

Conclusions

The results indicate that, possibly due to improved soil structure, nutrient use efficiencies can be improved
using a GPS-controlled precision tillage system. A study of one crop in the rotation showed that lowering
the amount of fertiliser has no significant effect on yield reduction when GPS-controlled precision tillage is
used. The higher nutrient use efficiency at lower fertilisation levels stretches the possibilities for reducing
inputs in organic agriculture. If fertilizer inputs are reduced in the next few years towards phosphate
equilibrium at the crop rotation level, the GPS-controlled precision tillage system might become an
important tool for organic farmers to maintain high-level yields. For farmers in the field the GPS systems
might be a solution to improve their soil structure and increase the sustainability of their practices without
substantially lowering yields. The evaluation of the relationship between N availability, soil structure and
crop yield is ongoing.
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Abstract

The research was carried out at the Aegean Agricultural Research Institute open field experimental area
located in the Mediterranean region. The aim of this paper is to evaluate the effects of a green manure crop
(common vetch-barley mixture), compost (composted residues of various vegetables), farmyard manure,
turkey manure and certified commercial organic manure on yield, some fruit quality parameters, fruit and
leaf nutrient levels, and leaf chlorophyll content of red pepper (Capsicum annuum L.). In this paper first-
year (2002) results are discussed. Most of the observed characteristics (yield, morphological characteristics,
titratable acidity, total soluble solids, dry matter, vitamin C, fructose, nitrate, nitrite, N, P, K, Ca) were
increased significantly by the applications. However, fruit pH, a-glucose, B-glucose and sucrose contents
were not affected by the treatments. The highest yield, 29.7 ton/ha, was obtained with farmyard manure (20
ton/ha) plus the green manure crop. Of the leaf characteristics, chlorophyll-a, chlorophyll-b and total
chlorophyll showed significant differences when compared with the controls (untreated and chemical). In
addition, N, P, K, Ca, Mg, Zn, and Mn contents of leaf samples were significantly affected by the
treatments.

Introduction

Consumers have an increasing concern for fruits and vegetables because of increased awareness of their
dietary importance (Wiebel, 1997). Levels of nitrate, nitrite, flavour, vitamins, minerals, etc. in vegetables
are important and are probably affected by the use of fertilisers. Pepper fruits are generally used in the diet
and eaten raw, but especially nitrogen fertilisation is one of the important and limiting aspects of organic
vegetable production. Several models have been developed to optimise N fertilisation in vegetable
production (Kristensen, 2002). In organic agriculture, green manuring is important to obtain higher yields
(Kopke, 1996). Manure and compost applications generally result in improved soil fertility and crop
production (Senesi, 1989). Vegetables account for only 2% of total organic production in Turkey, but there
is great potential for growth. Domestic market demands will probably play an important role in this growth
(Aksoy, 2001). The present study was conducted to determine the effect of different organic materials on
yield and fruit quality of field-grown peppers.

Methodology

The trial was carried out at the experimental fields of Aegean Agricultural Research Institute in Menemen
(izmir/Turkey). Physical and chemical properties of the experimental soil, the applied manures and compost
were analysed according to standard methods (Kacar, 1972, Kacar, 1990) (Tables 1, 2). The compost
material was obtained by composting vegetable residues from the agricultural production of the Institute.
Farmyard and turkey manures were composted for 8 months. The experiment was conducted in randomised
block design in 72 parcels with 4 replications, with 68 plants making up each parcel. Distances between the
parcels were approximately 2.1 m. Treatments are presented in Table 3. An 80%-20% mixture of common
vetch (Vicia sativa L.) and barley (Hordeum vulgare L.) was grown as a green manure and incorporated into
the soil. Pepper (cv. yalova yaglik) seedlings were further transplanted to the field. The experiment was
conducted under organic conditions and the research plot was converted to an organic production system
two years prior to sowing the green manure crop. Plant materials selected for the trial were all standard
varieties that have been commonly used by local farmers. Furrow irrigation was used, with a total of 600
mm of water applied only in summer during the pepper production period. After transplanting the seedlings
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to the field, only aphid species were observed at the economic threshold level. A plant extract (pyrethrum,
1%) permitted by the Turkish 01.12.2004/5262 regulation (24.12.1994/22145, 11.07.2002/24812
regulations) and the EU 2092/91 regulation was used to treat the peppers. Synthetic pesticides were applied
in the parcels under conventional management. However, plant protection measures in this research included
a predator (Col.:Coccinellidae) collected from nature and released in the experimental area. Also, at the
seedling stage, aphids were cleaned from leaves by rubbing with cotton. Because labour cost is moderate in
Turkey, weed control was manual.

Table 1: Properties of soil samples (0-30 cm). Table 2: Properties of different composts.
Properties Properties C F T CcO
pH 74 pH 7.7 8.7 7.7 9.2
Tot. Salts (%) 0.1 Tot. Salts (%) 0.9 3.7 3.9 43
CaCOs (%) 48 CaCO; (%) 45 49 8.7 3.8
OM (%) 0.6 OM (%) 40.6 52 45.7 64.0
Texture Sandy Clay CIN 26.6 211 15.7 15.0
N (%) 0.1 CEC (meq/100g) | 423 | 55.2 | 53.0 58.0
P (mag/kg) 1.4 N (%) 1.2 1.7 1.3 2
K (mg/kg) 225 P (%) 1.8 1.3 1.8 1.9
Ca (mg/kg) 5880 K (%) 2.9 1.7 25 1.7
Mg (mg/kg) 540 Ca (%) 2.3 1.3 4.2 4.0
Na (mg/kg) 155 Mg (%) 13 16 3.3 1.2
Fe (mg/kg) 6.0 Na (%) 0.2 0.4 0.4 0.3
Cu (mg/kg) 0.9 Fe (mg/kg) 3075 3850 5430 5880
Mn (mg/kg) 4.3 Cu (mg/kg) 25 45 62 65
Zn (mg/kg) 0.5 Zn (mg/kg) 176 265 478 385
NO;” (mg/kg) 3 Mn (mg/kg) 269 348 580 440

Table 3: Treatments

1) O (control) (non treated) 7) F1 (farmyard manure) (10

ton/ha) 13) T2 (turkey manure) (10 ton/ha)

2) NPK50 (control)
(8,5/5/10-half of recommended chemical 8) F1+G 14) T2+G
fertilisation)

3) NPK100 (control)
(17/10/20-recommended chemical
fertilisation)

15) C1 (compost) (20 ton/ha)
(composted various vegetable
residues)

9) F2 (farmyard manure) (20
ton/ha)

4) G (green manure crop)

(common vetch-barley mixture) 10) F2+G 16) C1+G

17) C2 (compost) (40 ton/ha)
5) CO (certified commercial organic manure) | 11) T1 (turkey manure) (5 ton/ha) | (composted various vegetable
residues)

6) CO+G 12) T1+G 18) C2+G

Leaf samples were collected at two different stages (flowering (1) and harvest (2)), and fruits were sampled
only during the second harvest period. Peppers were harvested a total of three times. Yield (Y),
morphological characteristics (MC) [number of days to flowering from planting (MC1), number of days to
maturing from planting (MC2), fruit length (MC3), fruit width (MC4), fruit pulp thickness (MC5), plant
height (MC6), plant width (MC7)], titratable acidity (TEA), pH, total soluble solids (TSS), dry matter (DM),
vitamin C (VitC), sugar fractions [fructose (Fru), a-glucose (a-Glu), B-glucose (3-Glu), sucrose (Suc)],
nitrate (NOg), nitrite (NO,”), macro-micro elements (N, P. K, Ca, Mg, Fe, Cu, Zn, Mn) of fruits and also leaf
chlorophyll (Totalch) [chlorophyll-a (Ch-a), chlorophyll-b (Ch-b)] and nutrients (N, P. K, Ca, Mg, Fe, Cu,
Zn, Mn) were analysed following Pearson, 1970; Horthwirth, 1960, Neubeller and Buchlach, 1975; Balks
and Reekers, 1960, Kacar, 1972. The collected data was analysed statistically by the TARIST program
(Acikgoz et al., 1993).
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Results and brief discussion

Yield and Fruit Quality: Obtained data showed important differences at the 1% significance level for Y,
MC, TEA, TSS, DM, VitC, fru, NO,~, N, P. K, and Ca, and at the 5% level for NO;". However, fruit pH
(5.1-5.3), a-glu (0.7-1.3 g/100gFW), B-glu (0.5-1.0 g/100gFW), Suc. (trace-0.1 g/100gFW), Mg (% 0,30-
0,34), Fe (88-182 mg/kg), Cu (16-23 mg/kg), Zn (49-58 mg/kg), Mn (11-19 mg/kg) contents were not
affected by the tested treatments. The values were similar to those of previous findings (Karaman et al.,
1998, Kiguk et al., 1995; Luning et al., 1994; McCance and Widdowson, 2002; Sonci et al; 2000) (Table 3).
Duncan’s test displaying the lowest and the highest applications were obtained as follows (Table 4).

Leaf Parameters: Total, Ch-a and Ch-b were significantly (p<1%) increased by the organic applications. In
addition, N (1, 2), P (1, 2), K (1, 2), Ca (1, 2), Mg (2), Zn (2), Mn (2) levels of leaf samples were markedly

enhanced (p<1%) by the treatments. The data were in agreement with the values cited in the relevant

literature for peppers (Bergmann, 1987; Kuguk, 1992). Mg (1) (0.4-0.5 %), Zn (1) (72.5-93.3 mg/kg), Mn
(1) (66.8-91.0 mg/kg) contents were not affected by applications. Duncan’s test the lowest and the highest
applications were obtained and presented in Table 6.

Table 3: Descriptive statistics of yield and fruit quality parameters.

Y |MC1|MC2|MC3|MC4|MC5|MC6|MC7|NO; [NO,"|TEA|DM|TSS| Fru |VitC| N |P | K| Ca
ton/ mg/ | mg/ | o | o [9/200gf mg/ | 1o o | o
ha day | day [ cm [ cm | mm | cm | cm kg | kg % | % | % FW |100ml % (% | % | %
Minimum | 9.0 | 32 | 47 | 72| 30| 12| 44 | 38 |195|0.02| 0.2 [83.7/6.1| 09 | 66.7 | 1.2 (0.3]2.8|0.1
Maximum|31.1| 59 | 75 |11.3| 51|51 | 77 | 80 |378.8| 0.4 | 0.5 [91.0{ 85| 3.9 |102.5|4.0 (0.4/3.5|0.2
Duncan *% *% *k *% *k *% *k *% * *k *k *% *k * *% *% *k | Kk *%
(%5)
CV(%) |[32,0]13,1(10,2| 9,0 [10,1|21,5(10,9|11,6|59,9|53,7|19,4(1,7 (81| 29,1 | 8,1 [159|3,7|4,8(29,0

ns: not significant, *: significant at p<.01; **: significant at p<.05

Table 4: Duncan’s test results for the lowest and the highest applications of yield and fruit quality

parameters.
Y |MC1|MC2|MC3|MC4|MC5| MC6 |MC7|NO3|NO,"| TEA|DM|TSS| Fru |VitC| N | P | K | Ca
o o o
Lowest o|lo | Q gy
Appl. T - i a|a i
o|rF|F|Z]|]0o|l]o| o |]o|J]o|lo|o|kl|o|Zz|Z|o|o]|oO
81818 8
Highest | ¢ olo|lo|lvsgolo|Zd|Z|Z|o|lo|lojlo|Zd|o|o
¥ Tl |F|Frls || (X222 |2|%|27%|9
Al @ oo R ]af[f]2[2]8|8|8 |88 |8[8]8]f
Table 5: Descriptive statistics of analysed leaf parameters.
N1|N2|P1|P2| K1 | K2 [Cal|Ca2{Mg2| Zn2 Mn 2 Ch-a Ch-b Totalch
% | % | % | % | % % % | % % | mg/kg | mag/kg | mg/gFW | mg/gFW | mg/Gfw
Minimum [2.8 |24 [03]03| 31 | 30 | 08 | 13| 03 | 62 75 0.7 0.4 11
Maximum|5.3 |45 (04|04 | 42 | 50 | 25 [29| 06 | 104 184 2.1 1.8 36
Duncan *% *% *k *% *% *x ** ** * ** *k *k ** **k
(%65)
CV (%) (10,6 |10,6|4,7 |46 | 110 | 94 | 264 (17,2| 133 | 10,6 22,2 20,7 17,7 18,1

ns: not significant, *: significant at p<.01; **: significant at p<.05
1: flowering stage samples, 2: second harvest stage samples.
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Table 6: Duncan’s test results for the lowest and the highest applications of leaf parameters.

N1 |[N2 |P1 P2 K1 |[K2 |Cal|Ca2 ([Mg2|Zn2 |Mn2({Ch-a |Ch-b |Totalch
Lowest 3 3 3
Appl. ~ ~ £ £ x
o| o o o ol o] o o [ [y e) z z z
Highest 81818
g| 2|2 |20 oo |o |o o @ |9 olo 0} o
Appl. ol Il Il A o S S ¢ ¥ & I I E ¥ ¥
Z|z|z@FFRE | |Q O| 6 |6 o | & | o o
Conclusion

1-The tested organic treatments increased the yield significantly. The highest yield was obtainied in the
F2+G parcel at 29.7 ton/ha. 2-Better properties were noted for the analysed fruit quality parameters (MC,
TEA, TSS, DM, VitC, Fru, NOs,, NO;, N, P, K, Ca) in the organic treatments in comparison with that of the
control parcels. 3- The tested leaf parameters excluding Mg (1), Zn (1), and Mn (1) showed significant
differences, with the highest levels generally obtained in the organic parcels. 4- Although the highest
nitrogen in leaves and fruits were measured in the NPK100 treatment, sufficient nitrogen levels were also
obtained in the organic parcels.
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Abstract

Adding a solid fermentation product (bokashi) to potting media enhanced the growth of vegetable seedlings
when the microbial inoculant Effective Micororganisms (EM) was used. There was a negative response to
the inclusion of bokashi made without EM. The benefit to seedling growth from EM bokashi also improved
crop performance post-transplanting. Effect on seedlings was further enhanced by the inclusion of fishmeal
and, to a lesser extent, by adding trace elements in the bokashi fermentation. Addition of seaweed extract
gave no apparent advantage.

Introduction

There is a desire to increase vigour of vegetable seedlings transplants as long as the crop still performs well
when planted in the field. A series of experiments was carried out to test the use of bokashi as a biofertilizer
to improve the performance of potting media for vegetable seedlings.

Bokashi is a traditional method of fermenting solid organic matter in Japan and can be seen as an alternative
to hot composting. The fermentation of solid material can be mediated by microorganisms already present
on the organic matter or in added ingredients. A common added ingredient has been molasses which
provides readily available energy to aid the fermentation process.

Effective Microorganisms (EM) is a microbial inoculant developed in Japan (described in Higa and Parr
1994; Daly and Stuart 1999). The New Zealand form of EM comprises the same types of organisms as the
Japanese form of EM including lactic acid bacteria, propionic acid bacteria, yeasts, actinomycetes and
mould fungi. Indicative species and levels are listed in Daly and Stuart (1999).

EM has been used to produce various types of bokashi that are used for crop productions generally by
inclusion in cropping soil (e.g. Pei-Sheng and Hui-Lian 2002; Xu, Wang and Mridha 2000). In the series of
experiments presented, the benefits of using EM in the fermentation process were assessed.

Methodology
Effect of EM

Bokashi was made by fermenting two parts sawdust and one part fine wheat broll (wheat-milling byproduct
including bran, husk, and some flour) at 20% moisture with 0.3% molasses by volume (molasses bokashi).
A further bokashi was made by that method but with the addition of Effective Microorganisms (EM)
microbial inoculant at 0.3% by volume (EM bokashi). Five 20 L sealed containers were prepared for each
treatment to provide material for the five replicates of the bokashi treatments and the fermentation was
allowed to proceed for three weeks at 20°C. The effect on the growth of radish (Raphanus sativus cultivar
'French Breakfast') and mustard (green mustard Brassica juncea) seedlings was tested after adding the
bokashi as 5% of potting medium by volume. The basic potting medium (composted bark supplemented
with fishmeal and dolomite, and steam sterilised soil at 3:1 ratio) was included in the experiment as nil
control and a further control was the same medium with the dry bokashi ingredients moistened and
immediately added at 5% by volume. Each replicate included a seedling tray with 60 45 mL cells each sown
with a single seed of either mustard or radish. Radish and mustard were grown in separate cell trays. Trays
were placed in a randomised block design in glasshouse conditions (17°C mean temperature) and shoot
(assessed for every plant) and root growth (assessed for five randomly chosen plants per replicate) was
weighed two weeks after sowing and statistically analysed with ANOVA.
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Effect of fishmeal, seaweed extract and trace elements

Bokashi was made as above with 0.3% EM and 0.3% molasses by volume. Further additions were made for
comparison of effect, these being fishmeal (added at 5% by volume), seaweed extract (proprietary brand,
0.15% by volume) and trace elements (following amounts were added dissolved in 500 mL per 100 L of
bokashi being made - Magnesium Sulfate Hepta 1 g, iron sulfate monohydrate 0.2 g, zinc sulfate
heptahydrate 0.02 g, copper sulfate 0.01 g, boric acid 0.02 g, manganese sulfate 0.01 g, cobalt sulfate 0.005
g, sodium selenate 0.0005 g, sodium molybdenate 0.002 g). All permutations of these ingredients was tested.
One 20 L sealed bucket fermentation was made for each bokashi treatment. Five cell trays were set up per
treatment. These contained potting media as above with 5% by volume of a treatment incorporated. The
same types of radish and mustard were used as above . Results were analysed between each treatment
(ANOVA) and also using pairwise comparisons (paired t-test) for each of the permutations with and without
a ingredient (thus allowing true replication of ingredient effect).

Transplanting of treated lettuce seedlings

The objective of this experiment was to assess whether accelerated growth of seedlings due to EM Bokashi
use would compromise post-transplanting performance for transplant sensitive crops like lettuce. Lettuce
seedlings (cultivar 'Cos Verdi') were grown on 5 replicated cell transplant trays of each of EM bokashi
(made as above but with sawdust and broll at a 1:1 ratio — added to potting media as above at 5% by
volume) and of nil control (potting media, no bokashi) and subsequently transplanted to plastic tunnelhouse
soil. Five pairs of randomised replicate plots were set up with fourteen 28 day old transplants in each plot.
Bokashi treated plants were approximately double the shoot size (assessed by leaf length) at transplanting.
After 48 days post-transplanting, lettuces were cut and harvest weights assessed and statistically analysed
with ANOVA.

Results and brief discussion

Effect of EM

Results for mustard and radish are presented in Table 1.

Table 1. Effect of Bokashi Incorporation on Growth of Mustard and Radish Seedlings

Mustard Radish
Treatment Seedling Shoots  Shoots Roots |Seedling Shoots ~ Shoots  Roots
Emergence (%) FW DW FW Emergence (%) FW DW FW
Nil Control 84.3a 0.300b 0.033b 0.065ns (93.0a 0.409c  0.047b  0.304ns
Control 10.3b 0.213c  0.022b  0.003ns |82.7b 0.575b  0.049b  0.172ns
Molasses Bokashi  |77.9a 0.227c  0.020c  0.020ns (91.7a 0.359c  0.033c  0.163ns
EM Bokashi 79.0a 0.541a 0.049a 0.055ns |88.3ab 0.771a  0.069a  0.263ns

For each column, values sharing a letter are not significantly different from each other at the p<0.05 level.

Mustard: Seedling emergence of mustard was very low in the control treatment (87.7% below nil control)
but emergence in the other treatments was not statistically significantly different from nil control. The
molasses and EM bokashi treatments both tended to reduce seedling emergence by a small amount (7.6%
and 6.3% respectively, not statistically significant) which, given similar results seen in the radish
experiment, may represent a true reduction.

Two weeks after sowing, shoot dry weights in the EM bokashi treatment were 46.9% greater than nil control
(p<0.05). At the same time, shoot dry weights for the molasses bokashi treatment were less than nil control
by 29.6% (p<0.05). The control shoot dry weights were just 3.4% greater than nil control (not statistically
significant). Root fresh weights (dry weights were too heavily affected by potting media residue) in the EM
bokashi treatment tended to be 13.3% less than nil control but root dry weights of control and molasses
treatments tended to be much less (83.1 and 54.7% respectively) than nil control. None of the roots results
was statistically significant given the very high variation present.
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Radish: Seedling emergence was significantly lower in the control (11% below nil control, p<0.01). As with
mustard there was a tendency for the EM bokashi treatment to lower seedling emergence although this was
again not statistically significant (-5.0%, p=0.22).

Two weeks after sowing, radish shoot dry weights in the EM bokashi treatment were 46.9% greater than nil
control (p<0.05). Shoot dry weights for the control and molasses treatments were significantly less than nil
control by 34.6 and 39.7% respectively (p<0.05). Root dry weights in the EM bokashi treatment were 24.5%
less than nil control and root dry weights of control and molasses treatments were lower still at 54.5% and
56.9% respectively less than nil control. The somewhat lower root weights for the EM bokashi treatment
may reflect a better availability of nutrient in the potting medium and less requirement for root mass. As
with the radish results, however, none of the root results was statistically significant.

Discussion: The non fermented control and the molasses bokashi generally had a negative effect on seedling
growth. EM bokashi in comparison had a significantly positive effect that may have been due to improved
condition and nutrient release from the organic material and/or microbial inoculant value. EM applied
directly to crops and EM treated bokashi have been shown to improve yield, which may be in part due to
increased mineralisation of nutrients from organic matter (Attanyake et al. 1993; Daly and Stewart 1999).

The tendency for reduced seedling emergence with the bokashi inclusion may indicate continued
fermentation activity affecting seeds perhaps similar to non-cured compost. Where such problems are
significant it may be advisable to incorporate bokashi into moist potting media a fortnight in advance of
planting seed or to allow bokashi fermentation to proceed for a longer time. Further research would be
required to determine the time required to cure the bokashi where such an issue was of concern.

Effect of fishmeal, seaweed extract and trace elements

The results are presented in Table 2 for each permutation of the additions and Table 3 for the individual
ingredient statistics. The inclusion of fishmeal increased the effect of the EM bokashi on both mustard and
radish growth (p< 0.005). The seaweed extract gave no clear result while the trace element treatment
appeared to increase root growth and possibly mustard shoot fresh weight (only statistically significant for
root growth of radish).

Table 2. Effect of incorporating fishmeal, seaweed extract and/or trace element blend to EM Bokashi
fermentation on the potting media properties for radish and mustard seedlings.

Mustard (g) Radish (g)
Treatment Shoots Shoots Roots Shoots Shoots Roots
FW DW DW FW DW DW
Nil Control 1.107d 0.127¢ 0.119bc 1.088d 0.139cd 0.330c
EM Bokashi 1.479c 0.162b 0.170abc 1.538¢ 0.161c 0.457bc
EM Bok incl. Fish 2.328b 0.217a 0.163abc | 2.120b 0.212b 0.425bc
EM Bok incl. Kelpac 1.167d 0.114c 0.120bc 1.199cd 0.129d 0.317c
EM Bok incl. Trace 1.113d 0.111c 0.140abc 1.039d 0.115d 0.380c
EM Bok incl. Fish + Kelpac 2.406ab 0.228a 0.188abc | 2.375ab 0.245a 0.570ab
EM Bok incl. Fish + Kelpac + Traces 2.302ab 0.232a 0.203ab 2.553a 0.251a 0.665a
EM Bok incl. Kelpac + Traces 1.284d 0.128c 0.144abc | 1.316cd 0.136¢d 0.443bc
EM Bok incl. Fishmeal + Traces 2.356a 0.246a 0.189abc 2.485ab 0.246a 0.644a

For each column, values sharing a letter are not significantly different from each other at the p<0.05 level.

Some of the differences shown in comparison of treatment combinations could be due to factors other than
the addition or absence of fishmeal, seaweed extract or trace elements. Although attention was paid to
making the fermentation mixtures, there was no replication of recipe ingredients (i.e. only one fermentation
container per treatment). The pairwise comparisons for each of the individual ingredients do, however,
provide true replication for comparing the effect of each added material. Note that differences between
treatments could also be partly due to effect of the ingredients on moisture relations and other factors in the
fermenting material.
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Table 3. Pairwise comparison of each of the fishmeal, seaweed extract and/or trace element additions
to EM Bokashi fermentation. Effect on the potting media properties for radish and mustard

seedlings.
Mustard Radish
Shoots FW Shoots DW Roots DW Shoots FW Shoots DW Roots DW
Treatment % increase % increase % increase % increase % increase % increase
Fishmeal 84.9 79.4 29.5 76.4 87.2 44.3
(p<0.001) (p<0.001) (p=0.003) (p<0.001) (p<0.001) (p=0.002)
Kelpac -15.0 -7.0 -15 1.0 -0.2 14
(p=0.214) (p=0.143) (p=0.863) (p=0.424) (p=0.967) (p=0.436)
Trace 7.3 -0.51 55 0.0 2.2 20.5
Elements (p=0.306) (p=0.929) (p=0.255) (p=1.000) (p=0.355) (p=0.020)

For each column, values sharing a letter are not significantly different from each other at the p<0.05 level.

Transplanting of treated lettuce seedlings

Treated plants weighed 23.4% (fresh weight of harvested lettuce) more on average than control plants at
harvest date (highly statistically significant, p<0.005). Observations indicated that treated plants were of
saleable size more than a week prior to control plants. The improvement in seedling growth from the
incorporation of EM bokashi in the potting mix did not appear to impede plant growth in the field and in fact
at harvest time there was a significant weight advantage to the treated plants.

Conclusions

Bokashi made with EM can have a positive effect on the growth of vegetable seedlings in potting media and
such effects can still be seen in the harvest weights of transplanted seedlings. The ingredients in the bokashi
and the rate of use can significantly affect the value of the addition. Experimentation is recommended in the
variety of organic material that bokashi can be made.
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Abstract

Extensive research has improved composting technology to a more science-based and environment-friendly
knowledge. In recent years, types of waste materials generated have become more diversified, and their
quantities are huge posing risk to the environment. Developing an expert system based on integrated
information on organic waste composting and utilization in a CD (compact disk) format may enhance the
composting protocol adoption and efficiency in recycling of organic waste as well as promotion of organic
vegetable production. Databases on organic wastes and materials, organic fertilizers, composting
technology, compost utilization, organic fertilization for vegetables, and non-chemical disease and pest
controls have been established in the expert system. Sub-programs for compost formulation and organic
fertilizer recommendation are also developed. Stepwise guidelines and user-friendly menu for searching the
composting technological consultancy are designed so as to increase its applicability. For users in the
developing countries where personal computer is not available, simple composting leaflet showing
formulation based on locally available materials could be easily developed and published from the expert
system. Based on the program, 16 compost formulae have been tested for verification. The temperatures of
compost piles were raised above 70°C ensuring the production of good quality composts.

Introduction

Composts are major sources of nutrients supplied to crops in organic vegetable production system. In recent
years, increasing concerns over the environment and soil sustainability have prompted increasing interest in
composting as a way of recycling wastes back to soil. In the past, types of wastes used for composting were
relatively limited. Composting was made simply by combining raw materials by trial and error or by
blending raw materials that were available on the farm. Today, types of waste materials generated from
agricultural production and processing have become more diversified. Also, their quantities are in such huge
amounts that they may become pollutants in the environment. Associated risks such as the spread of
phytodiseases, human pathogens, weeds, and contamination of heavy metals further complicate the matter.

Extensive research in recent years has improved composting technology into a more science-based and
environment-friendly knowledge. However, most results were presented in journals and publications that
were difficult for farmers and extentionists to access. Composting is enhanced through the establishment of
conditions that encourage the growth of the microorganisms. Many compost practitioners combine raw
materials by experience. However, to achieve rapid and good quality composting, it is critical to develop
composting formulations based on science-based data. Due to great diversity in compositions of raw
materials, the characteristic data are not always available at hand. Several spreadsheets for calculation
compost formula are available on the internet. However, they are only applicable to large scale compost
producers. Therefore, this project aims to develop a farm-based expert system for compost formulations,
composting and compost utilizations in a CD format. The information on organic wastes, compost
technologies and organic fertilizations was also established in the databases.

Methodology

The conceptual flow chart of the expert system is shown in Fig. 1. Seven databases have been established in
the program, which include databases for organic wastes and materials, organic fertilizers, composting
technologies, compost utilization, nutrient requirements for vegetables, and non-chemical diseases and pests
control methods. Data sources included information available from national and international journals, on-
station research reports, publications, proceedings, books, field guide and analytical reports, etc. Sub-
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programs for compost formulation, organic fertilizer recommendation and query system on non-chemical
disease and pest control practices are also developed.

The hardware is based on IBM compatible PC and MS Windows is selected as the platform for the expert
system. MS ACCESS is the software used for establishment of databases. MS VISUAL BASIC has been
chosen as the language to build the interface for connecting the database and query system. The feature of
the system will be user-friendly query menus that allow users to easily access information from the
databases. It is efficient in sorting ability which can increase its applicability.

Based on the compost formulation system, 16 compost formulae for solid composts were processed for
verification. Temperatures were monitored during composting and nutrient compositions of compost were
analyzed after compost maturity.

Expert system for composting and
organic vegetable production

[ : 1
Query system for

QUIETY SYSiEm management on organic

for composting vegetable production
information

R Non-chemical
Organic wastes Compost diseases & pest
and materials formulation management
system
Composting Compost
utilization

technologies
| Produce good I Nutrient

uality composts requirements of [~
9 Y B vegetables

Organic
fertilizers

Recommendation on |__|
organic fertilization
for vegetables

\/

Fig.1. The conceptual flow chart of the expert system

Results and brief discussion

The system is structured with four major components: query system for composting information, query
system for management on organic vegetable production, formulation system for composts and the
recommendation system for organic fertilizers.

Query system for composting information:

This system provides the user with the composition of waste materials which can assist user later for a better
design of the formula. Composting technologies serve as guidelines for management of composting
processes and database of listed organic fertilizer nutrient compositions for calculating fertilizer
requirements. Three databases are included in this system:

1. Database of organic wastes. More than 300 records of waste material have been collated in the
database. Types of waste material include agricultural wastes, livestock production wastes, food processing
wastes, fish and meat processing wastes, municipal wastes, kitchen wastes and yard wastes, etc. Main fields
selected are the properties (bulk density, C:N ratio, moisture content), nutrient contents (C, N, P, K, Ca, Mg,
heavy metals) and sources of information.

2. Database of composting technologies. The composting technologies are divided into six sections:
handling of raw materials; mixing and pile formation methods; monitoring of composting processes
(watering, aeration, temperature); controlling odor, detection of compost maturity; and storing the composts
(curing, and drying). Illustrations for important technologies are included in the database to make the
processes easily understandable. More than 70 methods are established in database. Compost recipes are
calculated by the compost formulation program.
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3. Database of organic fertilizers. Main fields selected are nutrient contents (C, N, P, and K) of the
composted product, mixing ratio of raw materials, data source and production country. Types of organic
fertilizers include wasted media compost, chicken manure compost, pig manure compost, cow manure
compost, bagasse compost, and plant residue compost, etc. More than 200 records are collated in this
database.

Compost formulation system

The compost formulation system allows users to select a maximum of six ingredients for making their own
compost formulae. They may also refer to standard formulae for making their own composts on farm. Users
can either select components of waste materials from the database or key in data from locally available
materials. After materials are selected, the program can automatically calculate the amounts of each
ingredient required for composting based on pre-set C/N ratio, moisture and dimension of compost pile. The
program is calculated on a dry weight basis, but if the bulk density can be estimated, it can also convert dry
weight to volume or fresh weight. Amounts of water needed for composting is also calculated. The main
display menu is shown in Fig. 2. After compost formulation, the user may connect to composting
technology program for consultancy. Formulation and monitoring conditions such as temperature, moisture,
aeration, and maturity will ensure a high-quality composted product.

For application in the developing countries where computers or information are not available, a simple
booklet with compost formulation based on locally available materials can be easily designed and published
from this program. This tool can enhance the waste recycling and utilization in the developing countries.

Sixteen compost formulae with different raw materials as C sources have been developed and tested for
verification the compost formulation program. Actual C and N contents after maturity were closely
correlated with the values predicted. By maintaining good aeration and moisture conditions during compost
processing, temperature in all composting piles was easily raised above 70°C within several days and was
able to sustain for more than 4 weeks. No offensive odors were detected.

Campost formnlation |

Conditions for composting
Pile Dimension(LxWxH) C/N adjusted Moisture adjusted(%)
2m*2m*2m | 302 60
Bulk
Wastes density Mixing  Fresh wight of
Materials N% C%  Water% (2/em3)  Ratio  waste materials
pigdung -| [:84 83 115 [0.20 0.5 [ S3kg
cowdung -| [1.95  [148 16.5 [o.62 1 [
rice straw -|  [0.36 [39.2 [14.4 [o.12 6 [ 269
rice husk -|  [0.85 401 13.6 [0.07 2 | 302kg
Water required to add| 203 liter
Query Input | Edit Calculate Print Save Exit |
< >

Fig.2. The main display menu of the formulation system

Query system for management on organic vegetable production

The second query system provides the user with the technical practices required for growing vegetables
organically. Users may refer to the databases for non-chemical controlling strategies on disease and pest
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management, to database of compost utilization for reference and consultancy, and to database of nutrient
requirements for calculating the organic fertilizer requirements. This system includes another four databases:

1. Databases of non-chemical disease and pest control. Non-chemical management practices for disease
and pest are collated in separated database. Query menu is also designed separately. User can select name of
vegetable or name of diseases or insects from a pull out menu, the description of symptoms and the control
practices will be displayed on the screen. More than 100 records have been keyed-in the databases.

2. Database of compost utilization. This database is a collection of references from national and
international publications regarding organic fertilization for major vegetables. The data also include the
utilization of compost other than fertilizers, e.g. using composts as potting media, as soil amendment, or as
plant disease controller, etc. More than 1000 records of reference have been included in the database.

3. Database of nutrient requirements for vegetables. This database includes surveyed results of major
nutrient requirements, dry matter partitions and growth patterns of important vegetables. It is linked to
fertilizer recommendation system for calculating the fertilization amounts.

Organic fertilization recommendation system

The organic fertilization program allows user to calculate the amounts of organic fertilizers required for
application based on crop and type of organic fertilizer selected. A table with conversion factors is
developed to modify the amounts of fertilizers required to apply in different soil textures and soil fertility
conditions. Users may either refer to the organic fertilizer database for the composition of fertilizer, or refer
to estimated composition for their own formulated composts. Recommendation of organic fertilizer
application based on nutrient requirements and yield targets may help farmers in making better estimations
of the fertilizer requirements and avoiding over application of organic fertilizers. It can also save production
costs and conserve the environment.

Conclusions

The establishment of a composting expert system can help farmers in accessing information for composting
and utilization. It will increase efficiency of composting and will result in better quality of composted
products. Formulation of compost based on wastes available on-farm can enhance recycling of agricultural
wastes as well as promote organic vegetable production. The expert system can provide reference
information and serve as teaching tools for researchers and extensionists. For users in the developing
countries where personal computers are not available, simple composting guidelines or leaflets with
compost formulation based on locally available materials could be easily developed by inputing information
into the program. It can also provide useful technologies for composting on-farm and is applicable to
organic vegetable cultivation in many locations of the developing countries.
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Abstract

An experiment was set up at the agricultural community “Montana Verde” (9° 52’ N, 67° 9" W) in Torres
county of Lara State, Venezuela to study the effect of five organic fertilization plans on the growth and
productivity of a melon crop (Cucumis melo L.) in an organic cultivation system. Treatments consisted of
five fertilization plans (i) 10 Mg ha™ goat manure compost (GMC), (ii) 25 Mg ha™ cattle manure compost
(CMC), (iii) 35 Mg ha™ goat manure vermicompost (GMV), (iv) 21 Mg ha™ sugarcane filtercake compost
(FCC) and (v) control without any fertilizer (Control). The growth and melon productivity was higher from
plots managed under the fertilization plan using animal wastes (manure), mainly goat manure
vermicomposted by the earthworm Eisenia foetida.

Introduction

Melon is one of the most economically important vegetable crops in many tropical and subtropical regions
of the world. The rapidly growing population in many tropical regions has led to a rising demand for food
production in the last decades. However, the unfavourable agroecological conditions are difficult to handle
and the results are often degradation of soils and decreasing crop yields (Wezel and Bocker, 1999). In most
tropical and developing countries, organic fertilizers have long been replaced by chemical fertilizers. This
practice and the other conventional ones have caused a decline in crop productivity, soil productivity
(erosion, nutrient runoff, salinity, etc.) and other environmental impacts. One possibility of overcoming this
is the use of agricultural wastes, organic fertilizers and crop residues as a compost and mulch. Generation of
organic waste is increasing worldwide and strategies for its environmentally-sound use must be developed
and optimized. VVegetable crop growth, yield and product quality in relation to application of agrowaste
compost has been widely reported (Togun et al. 2004), mainly under organic systems. Several experiments
have found that organic systems are environmentally sustainable. An understanding of agroecosystems is
key to determining effective farming systems. According to Mader et al. (2002), enhanced soil fertility and
higher biodiversity found in organic plots may render these systems less dependent on external inputs. As
there is little information about compost fertilization and vegetable organic cultivation including melon crop
under tropical conditions, this research was laid out to study the effect of five organic fertilization plans on
the growth, fruit yield and quality of melon crop under tropical conditions.

Methodology

The experiment was carried out under tropical field conditions at the agricultural community “Montana
Verde” (9°52° N, 67° 9’ W) in Torres county of Lara State, Venezuela. The climate has a mean annual
temperature between 22 to 29 °C and annual rainfall of 1010 mm. Melon seeds of the hybrid Araucano
(Seminis Seed, USA) were sown in August 2002 on a silty clay soil (Table 1). Treatments consisted of five
fertilization plans (i) 10 Mg ha™* goat manure compost (GMC), (i) 25 Mg ha* cattle manure compost
(CMC), (iii) 35 Mg ha™ goat manure vermicompost (GMV), (iv) 21 Mg ha™ sugarcane filtercake compost
(FCC) and (v) control without any fertilizer (C). All organic fertilizers were incorporated (only in the
sowing row) 5 days before sowing. The experiment was set up using furrow irrigation and under an organic
system production (non chemical pest management). Treatments (5) were compared using a randomized
complete block design with five replications. Each plot was a rectangular area of 37.5 m? (15 m x 2.5 m).
The plant density consisted of 14,000 plants per hectare approximately (30 cm between plants in a double
row per plot).
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Table 1. Selected chemical properties of the experimental soil (0-30 cm depth).

pH EC Organic matter P K Ca Mg
(1:2 (ds.m™) (%) (ppm) (ppm) (ppm) (ppm)
6.9 0.28 3.2 19 102 + 3000 171

Chemical analysis in soil solution. Standard methodologies cited by Allen, (1989).

Growth analyses were assessed from a non-destructive sample of three plants per plot, which were measured
at 30, 40, 50 and 60 days after sowing (das). Number of green leaves, male and perfect flowers, fruits per
plant and the vine long readings were taken. Plants were harvested (3 times) and yields determined from 5
fruits of the row center of each plot. Additionally, five fruits per harvest and plot were taken at maturity for
quality postharvest analyses. These analyses consisted of external and internal (cavity) diameters, pulp
thickness and total soluble solids (TSS, °Brix). Growth and productivity parameters were determined
following methodologies used by Perez et al. (1997) and Bulluck et al. (2002).

Results and discussion

Melon growth responded positively to all the organic fertilization plans evaluated, where the GMV
treatment produced the greatest results. Table 2 shows the effects of four organic amendments on some of
the growth characteristics at some of the sampling dates recorded. At 30 das, leaf numbers from melon
plants fertilized with the GMV were greater than those plants given no fertilizers and the other ones. The
highest green biomass was reached at 30 das. Flower male number for plants receiving GMC was
significantly higher than those plants receiving no fertilizer and the other amendments. The maximum male
flower number was recorded at 40 das. Additionally, fruit number per plant (fruits/vine) was significantly
higher in plants with CMV, GMV and none fertilizer than all the plants with GMC and FCC. Taha et al.
(2003), found positive and significant associations between the number of fruits/vine with the number of
primary branches. Fruits per vine were also positively correlated with melon yield. Information on the
correlation and linkage among different horticultural characteristics is of primary importance in the field of
crop improvement. There were no significant differences in vine length and perfect flower number among
the fertilization treatments. However, it is important to note that maximum vine length was reached at 50
das, while that the highest perfect flower number was at 40 das. Increased plant biomass recorded by all the
animal manure composts was attributed to enhanced soil fertility (better nutrients availability) and improved
soil physical condition. We think that vegetal compost as FCC breaks down more slowly in soils than do
manures. Manure is composed mainly of faeces and urine, which have already commenced breaking down
inside of the animals. These experimental results were related than those of Matsi et al. (2003) who found
that applications of liquid cattle manure resulted in a significant increase in dry biomass at the two growth
stages and in a grain yield and nutrient uptake of winter wheat growing on a calcareous loam soil of Greece.
Duenhas (2004) also found that the higher total and commercial yield, vine length and number of
commercial melon fruits were obtained with manure addition.

The results showed at Table 2 indicate that melon yields were affected by the organic fertilization plan.
Melon yield of plants receiving GMV and FCC was statistically greater than plants receiving no fertilizer
and GMC and CMC. These results suggested that as GMV (animal waste) as FCC (vegetal waste) may be a
good fertilization practice under organic production system. There are several studies where crop yields
have been increased by organic vegetal and animal composts (Maynard and Hill, 2000, Stoffella and Graetz,
2000, Wells et al. 2000, Bulluck et al. 2002, Matsi et al. 2003, Togun et al. 2004). Compost has been used
as beneficial soil amendments in vegetable crops production systems. Additionally to the use of compost as
fertilizers, various studies have demonstrated the beneficial use of compost as alternatives to polyethylene
mulch, weed control in alley ways, diseases control (suppression properties) and a soil conditioner (Stoffella
and Graetz, 2000).
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Table 2. Effects of 5 organic fertilization plans on growth, yields and quality of melon crop.

Das Organic Leaves per Male Fruits per  Yields Fruit External Pulp
Fertilizer plant flowers plant (kg ha®) weight perimeter  thickness
per plant (kg) (cm) (cm)
GMC 60.4 b 8.8a - - - - -
CcMC 49.6c 53b - - - - -
30 GMV 749 a 6.7b - - - - -
FCC 51.8¢c 49b - - - - -
None (Control)  53.4b 6.8b - - - - -
GMC - - 20b 24960 b 15b 43.0b 42b
CMC - - 28a 26128 b 16b 422b 45b
60 GMV - - 26a 30899 a 20a 46.7 a 54a
FCC - - 14b 29302 a 16b 442 a 46b
None (Control) - 24a 26435 b 14b 42.8b 4.1b

Means followed by the same letter are not significantly different by Duncan test at the 0.05 level. dat: days

after transplant. GMC: 10 Mg ha™* goat manure compost, CMC: 25 Mg ha™* cattle manure compost, GMV:
35 Mg ha™ goat manure vermicompost, FCC: 21 Mg ha™* sugarcane filtercake compost (FCC) and Control:
without any fertilizer.

Different organic fertilizers significantly influenced melon fruit quality (Table 2). However, there were no
significant differences or effects of different compost applications on the internal fruit diameter (seed cavity)
and the TSS. Duenhas (2004) evaluated organic melon crop production at Petrolina, Pernabuco State of
Brazil and found there was no effect of manure addition and humic substances application on the
consistency, thick flesh and seed cavity of melon fruit. Application of vermicomposted goat manure
significantly increased the melon fruit weight and pulp thickness (thick flesh) over the control and the other
compost fertilization, whereas GMV and FCC resulted in an increase in the external fruit perimeter. The
greatest fruit weight and thick flesh by plants receiving GMV could be attributed to a much higher nutrients
availability and balance of this fertilizer than the others organic fertilizers as a consequence for the
supplementary break down done by the earthworm Eisenia foetida. In an earlier related study, Perez et al.
(1997), evaluated organic and mineral fertilization on postharvest quality of muskmelon (Laguna hybrid) in
another melon commercial area of Lara state, Venezuela. The results showed that the organic manure
treatments obtain the best quality values for most of the parameters evaluated. Thick flesh and a small seed
cavity are correlated with increased fruits per vine or a high fruit density, while fruit weight and fruit shape
index are positively correlated with yield per plant (Taha et al. 2003).

Conclusions

Melon growth and productivity in tropical conditions could be differentiated by the organic fertilization plan
applied. This investigation has demonstrated consistently that vermicomposted goat manure can have
beneficial effects on melon growth, yield and fruit quality growing in tropical environments. In general any
animal or vegetal organic waste that has been well-composted may be a partial substitute for fertilizer in
commercial organic melon production. These results and many others suggest that organic fertilization in
organic production system has great potential under tropical conditions in developing countries. However,
the practices implemented by vegetables growers differ among the developing countries. For example, other
Latino American vegetable growers are being encouraged to organic farming because of the inability of the
farming communities to afford the use of modern inputs likes fertilizers and pesticides due to their
prohibitive costs. However, Venezuelan vegetable growers are encouraged to organic farming because the
mineral richness (important oil world producer) of the country and government and because of the
inappropriate agricultural and environmental policies taken by the national governments over the time.

References
Allen, S.(ed.) (1989) Chemical analysis of ecological materials. Blackwell Scientific Publications.

Bulluck 111, L., Brosius, M., Evanylo, G., Ristaino, J. (2002) Organic and Synthetic Fertility amendments
influence Soil microbial, physical and chemical properties on Organic and Conventional Farms.
Applied Soil Ecology 19, 147-160.

page 76 ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005



Duenhas, L. H. (2004): Cultivo organico de melao: aplicacao de esterco e de biofertilizantes e substancias
humicas via fertirrigacao. Agronomy Dr. Thesis, University of Sao Paulo, Brazil.

Maeder, P., Fliessbach, A., Dubois, D., Gunst, L., Fried, P., Niggli, U. (2002) Soil Fertility and Biodiversity
in Organic Farming. Science 296, 1694-1697.

Matsi, T., Lithourgidisb, A., Gagianasc, A. (2003) Effects of Injected Liquid Cattle Manure on Growth and
Yield of Winter Wheat and Soil Characteristics. Agronomy Journal. 95, 592-596.

Maynard, A. A., Hill, D. E. (2000) Cumulative Effect of Leaf Compost on Yield and Size Distribution in
Onions. Compost Science & Utilization 8(1), 12-18.

Perez, M., Rodriguez, J., Torcales, S., Perez, Ma., Ramirez, H. (1997) Evaluation of the Organic and
Mineral Fertilization on Postharvest Quality of Cantaloupe. HortScience 32 (3), 439.

Stoffella, P., Graetz, D. (2000) Utilization of sugarcane compost as a soil amendment in a tomato production
system. Compost Science & Utilization 8(3), 210-214.

Taha, M., Omara, K., El Jack, A. (2003) Correlation among growth, yield and quality characters in Cucumis
melo L. Cucurbit Genetics Cooperative Report 26, 9-11.

Togun, A., Akanbi, W., Adediran. A. (2004). Growth, nutrient uptake and yield of tomato in response to
different plant residue composts. Food Agriculture & Environment. 2 (1), 310-316.

Wells A.T.; Chan K.Y.; Cornish P.S. (2000) Comparison of conventional and alternative vegetable farming
systems on the properties of a yellow earth in New South Wales. Agriculture, Ecosystems &
Environment 80 (1), 47-60.

Wezel, A., Bocker, R. (1999). Mulching with branches of an indigenous shrub (Guinea senegalensis) and
yield of millet in semi-arid Niger. Soil & Tillage Research. 50, 341-344.

ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005 page 77



EFFECT OF INCORPORATING RICE STRAW OR LEAVES OF GLIRIDCIDIA (G.
sepium) ON THE PRODUCTIVITY OF MUNGBEAN (Vigna radiata) AND ON SOIL
PROPERTIES

U R Sangakkara®, G Pietsch?, M Gollner?, B Freyer’

1. Faculty of Agriculture, University of Peradeniya, 20400 Sri Lanka (sanga@ids.Ik)
2. Institute of Ecological Agriculture, University of Natural Resources and Applied Life Sciences, Vienna,
Austria.

Key words: Organic farming, organic matter, application methods, soil, crop growth

Abstract

A field study evaluated the impact of mulching or incorporating two organic materials with differing C:N
ratios on selected soil properties and the productivity of organically grown mungbean in a dry season, under
rainfed conditions. While the organic matter improved the soil parameters and hence yields, incorporation
had a greater beneficial impact on measured parameters, except weed numbers, which were reduced
significantly by mulching with straw. Gliricidia leaves, with a lower C:N ratio than rice straw, had the better
effect on soil properties and crop growth. The potential for using commonly available organic materials in
smallholder tropical cropping systems to enhance productivity in dry seasons is discussed.

Introduction.

Organic farming is a rapidly growing system of agricultural production all over the world, and the
developing nations of the tropics are no exception. Either through choice or necessity, farmers produce crops
organically for consumption, or more importantly for sale locally or as an export item (Joergensen, 2002).
However, tropical soils generally have low organic carbon contents (Hartemink, 2003), and inclusion of
organic matter is of primary importance in maintaining soil fertility, productivity and sustainability,
especially in organic farming systems (Dick and Gregorich, 2004). Organic matter used for crop production
in the tropics is generally the residue of crops, or in situ or ex situ green manures. The method of
application could affect the efficacy of biomass as shown in India (Venugopalan and Tarhalkar, 2003).
Furthermore, the season of cultivation could also affect the efficacy of organic matter in promoting crop
yields (Dick and Gregorich, 2004). Due to the lack of information on the impact of organic matter addition
in organic systems, especially in the tropical minor season when crop growth is difficult due to moisture
stress, field studies were carried out to ascertain the effect of two common organic materials (rice straw, C:
N ratio 45; and leaves of Gliricidia sepium, C: N ratio 18) when applied as a mulch or incorporated before
planting a crop, on selected soil properties at the onset of the season and yields of mungbean (Vigna radiata
L).

Methodology

The study was carried out at the Experimental Station (418 m above sea level, 8°N, 81°E) of the University
of Peradeniya, Sri Lanka, located in the mid country intermediate zone of the island, over the period May,
2003 to August, 2004, to encompass the minor (DRY) season, that corresponds to the South West
monsoons. The soil of the site was an Ultisol (Rhodoult) with a sandy clay loam texture. The site receives
some 1600 mm of rainfall per annum, with a mean temperature of 31°C. Rainfall during the crop growth
period was 244 mm, and the mean humidity was 72.5%

The land was tilled manually to develop a good seedbed after an organically managed maize (Zea mays L)
crop, grown in the previous major (Wet) season from December 2003 — March 2004. With the onset of
rains in early May, plots of dimensions 3 x 2 m were demarcated, and either rice straw or Gliricidia leaves
added to randomly selected plots (located in 4 replicates) as a surface mulch or incorporated into the top 30
cm manually, at a rate equivalent to 6 t per ha (i.e. 600 gm™). One plot was left bare as per standard practice
of farmers. At 14 days after the addition of the organic matter, the soil was sampled to a depth of 40 cm and
analyzed for bulk density, water holding capacity, pH (1:2.5 H,0) and N using standard methods as
described by Anderson and Ingram (1996). At flowering of the mungbean crop (30 — 32 days after planting),
similar soil samples were obtained for determining water holding capacity) and N. The organic matter in the
surface mulched plots was carefully removed prior to both samplings. The sampled soil was air dried and
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stored at 4.0 °C for analysis. Thereafter, uniform seeds of mungbean were sown at a spacing of 20 x 30 cm,
as recommended for Sri Lankan conditions. No fertilizers or pesticides were applied and weeding was
carried out manually on two occasions. At each weeding the weed populations were determined within a 1-
m? quadrate. At flowering, shoot water potential (‘pressure bomb®), soil N and soil water holding capacity
were determined. At crop maturity, seed, shoot and root yields were determined after drying samples at
80°C for 48 hours. The data was subjected to analysis of variance using a general linear model (GLM).

Results and Discussion
Soil parameters

Incorporation of organic matter reduced the pH of the soil, which could be attributed to the more rapid
breakdown of the added material when compared to surface mulching (Table 1). The impact was greater
with Gliricidia, which could break down more easily due to its lower C: N ratio. Bulk density, an important
parameter related to root development (Kuchenbuch and Ingram, 2004), was also less, especially when the
two organic materials were incorporated. The water holding capacity of the soil was increased by
incorporation of organic matter, especially the slower decomposing rice straw. However, the beneficial
impact of organic matter in moisture retention declined with time, possibly due to the decomposition of the
material in the warm climate of the dry season (Mean temperature 32.5°C). A longer-term program with
continued application of organic matter would show greater and improved benefits to soil parameters
(Hartemink, 2003).

Table 1. Impact of method of incorporating rice straw or Gliricidia leaves on selected soil parameters
at the onset of the planting season and at flowering of mungbean

Soil parameter Rice Straw Gliricidia leaves Control LSD
Sur Inc Sur Inc* (p=0.05)
pH (1.2.5 H,0) 6.21 6.19 6.20 6.14 6.24 0.03
Bulk Density (Mg.m™) 1.25 1.16 1.27 1.19 1.31 0.05
WHC* (%) (Seeding) 18.6 19.4 185 19.3 17.9 1.21
(Flowering) 145 144 133 133 12.8 0.95
Soil N mg.100g soil™*
(Seeding) 1.10 1.06 1.16 1.13 1.04 0.02
(Flowering) 1.08 1.03 1.11 1.08 1.02 0.009

*Sur and Inc refer to surface addition and incorporation respectively + WHC refers to water holding capacity of the soil (%)

Plant growth and yields

Germination increased with the addition of organic matter, especially when incorporated (Table 2). This
suggests the lack of allelopathic affects of the two organic materials on the mungbean crop. However,
mulching reduced the germination marginally, which could be due to a barrier effect. This could obstruct the
emergence of tender seedlings. Application of mulch soon after emergence could overcome this
phenomenon.

While the addition of organic matter increased the shoot water potential at flowering (ie less negative
potentials), a lower pressure was required to extract the water in plants grown in plots where straw or
Gliricidia were incorporated. This again could be related to the increased water holding capacity of the soil
in these plots (Table 1) when compared to the untreated or surface mulched plots.

Table 2. Germination, shoot water potential, biomass and seed yields and weed populations of
mungbean as affected by the method of adding rice straw and gliricidia leaves

Parameter Rice Straw Gliricidia leaves Control LSD
Sur Inc Sur Inc* (p=0.05)
Germination (%) 84 81 80 83 75 4.38
SWP (MPa)* -5.56 -4.71 -5.28 -4.18 -6.01 1.04
Shoot yield (kg.ha')® 1488 1789 1655 1781 1907 56.14
Root yield (kg.ha®)® 564 661 614 685 445 29.07
Seed yield (kg.ha®)® 766 821 793 864 668 40.92
Weeds (m?) 85 154 128 181 149 29.80

*Sur and Inc refer to surface addition and incorporation respectively. + SWP refers to Shoot water potential - @ Refers to
the parameters measured at crop maturity.
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Root and shoot yields at harvest increased most with Gliricidia, the organic matter with the lower C: N ratio,
and which had the potential to provide a suitable rhizosphere as well as plant nutrients, especially N. The
beneficial impact of rice straw was lower, but greater than a control plot that did not receive any organic
matter. Decomposition of the straw with its higher C: N ratio could utilize some soil N, which could have an
adverse impact on the growth and yield of the crop. Application of the organic matter increased seed yields
significantly. Furthermore, incorporation increased seed and residue yields, suggesting the benefits of
mixing organic matter into the soil for better soil quality and crop growth, resulting in higher yields.

Weed populations

Mulching also has its benefits in terms of weed suppression. Weeds are a major problem in most organic
systems (Bond and Grundy, 2000), and the application of the organic matter, especially the slow
decomposing rice straw, reduced weed populations significantly when compared to all other treatments. The
impact of Gliricidia mulch was lower due to the more rapid decomposition, although surface application
reduced the weeds to a greater extent than when incorporated.

Conclusions

Application of biological material is vital in organic farming systems. This becomes imperative in the
tropics, where soil organic matter is low and where the organic matter decomposes rapidly due to the warm
and dry climatic conditions. The organic matter available in the smallholder tropical farming systems is
generally of a low quality (e.g. cereal crop residues). This short-term study highlights that fresh leguminous
material that could be gathered from the surroundings provides more benefits to soils and crops than a cereal
(rice) straw. Although not studied, a mixture of the two may provide greater benefits than the straw alone.
While the benefits of mulching the organic material lie in weed control, better rhizospheric conditions are
developed with incorporation, resulting in better growth and yields of the food crop, irrespective of the type
of organic matter.
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Abstract

Natural farming (NF) techniques use farm inputs such as indigenous microbes (IMO), composts, fermented
fruit and plant juices, fish amino acids and other home made fertiliser preparations in managing the soil
fertility. Experiments were carried out on farmers’ plots at two different sites, Air Kuning and Serdang to
quantify the effectiveness of the technique using long beans (Vigna sesquipedalis) as the test crop. Soil
qualities such as the carbon content, total nitrogen and cation exchange capacity especially that of calcium,
increased significantly after planting in the NF plots compared to the conventional farming (CF) plots. A
higher number of beneficial microbes such as Azotobacter, Azospirillum, Actinomycete, Lactobacillus, was
obtained during harvest on the NF treated plots in Air Kuning, a site that has been cultivated under natural
farming for 2 years. There was a slight drop in soil pathogens such as Erwinia and Fusarium in the soil in
the NF treated plots. However, no significant changes in both NF and CF plots were obtained in Serdang, a
plot that was prior to the experiment cultivated under conventional farming. Higher yields, however, were
obtained in the NF plots at Air Kuning.

Introduction

Land use and farming practices may change the soil quality. Amongst farming practices that can maintain
soil quality are addition of organic material, crop rotation, growing of legumes and minimal tillage (Watson
et al., 2002, Parr et al. 1992). However, there are varying practices adopted by organic farmers of which one
of it is termed natural farming (NF). Natural farming practices by and large utilize indigenous micro-
organisms (IMO) that are complimented with plant and animal-based fertilizers to enhance crop growth.
Farmers employing the NF farming production techniques claimed significant increases in yield and low
production costs compared to conventional farming (CF) (Cho, 1997; Ramli and Williams, 2003).

In view of these claims, a study was done on two sites that were managed by the farmer’s themselves
according to the Natural Farming techniques and schedules. The objectives of the study were to i) quantify
the effectiveness of homemade fertilisers and derived enzymes (as routinely practised by the farmers using
the NF technique), and ii) observe nutrient and microbial changes in both plots.

Methodology

Two sites managed by farmers chosen for the experiment were at : a) Air Kuning (sandy loam), which had
been managed under natural farming (NF) for 2 years and b) Serdang (clay loam), which was previously
under conventional management. A randomized complete block design was laid out with 16 replicates.
Treatments consisted of long beans (Vigna sinensis) grown under NF and CF. Each treatment consisted of 3
beds measuring 1 x 4 meter and were surrounded by a 1 meter wide dense crop of corn to contain
contamination. IMO4 at the rate of 1 ton/ha and compost 10 t/ha were added on the NF plots 4 days before
planting.

Several natural farming preparations were made by the farmers prior to the experiment. They included:

i) IMO4. Indigenous microorganisms naturally inoculated by placing cooked rice under a tree in an
undisturbed area for a few days. Brown sugar (1:1 ratio) was added to the rice and then further fermented for
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3 days. The fermented mixture (1gm/L) was then added to 10 kg rice bran and further fermented for a few
days. The final fermented mixture of rice bran was mixed with the farm soil in the ratio of 1:1.

ii) Compost. The IMO4 was added at the rate of 1:10 to oil palm empty bunches and composted for about 3
months.

iii) Fermented plant juice extract (FPJ). Water spinach (Ipomoea aquatica) and brown sugar were added at a
volume ratio of 1:1 and left in a jar for 5-7 days.

iv) Fermented Fruit Juice FFJ. Papaya (Carica papaya) fruits were chopped into small pieces and mixed
with brown sugar (1:1 ratio) and kept in a jar for a week.

v) Oriental Herb Nutrient (OHN). Cinnamon was added with rice vinegar at a ratio of 1:3 by volume. Brown
sugar was topped up at a volume of 1:1 of the mixture of the latter. The mixture was left to degrade for 7-10
days in a jar before use.

vi) Fish Amino Acid (FAA). Fish head, bones and entrails were mixed with brown sugar at a ratio of 1:1
volume and kept in a jar for 1 month.

vii) Egg calcium phosphate (CaP). Egg shells were initially burnt and then mixed with rice vinegar at a
volume ratio of 1:10. It was left to degrade for 30 days.

viii) Bone calcium phosphate PCa. The procedure is similar to (vii) and cattle bones were used instead.

For the NF plots, FFJ, FPJ, FAA, CaP and PCa were sprayed onto the long beans at different combinations
and at specific days after planting according to the natural farming practice (Table 1). The various spray
formulations followed the generic names (Type 1, Type 111 and morning sickness) given by Cho (1997).
Type Il formulation for instance, consisted of FPJ, rice vinegar, FAA and PCa at dilutions as stated in Table
1. Only 2% concentration of the stock of Type II, Type Il1, and morning sickness were used for the foliar
sprays. In the CF plots, no composts were applied. Chemical fertiliser (NPK Blue) was applied 3 times
instead, namely, one day before planting, 14 and 28 days after planting, at the rate of 800 kg/ha. No
chemical herbicides and pesticides were used for either CF or NF plots.

Soil samples from both sites were taken at 0-15 cm depth (before and after planting) and analysed for
chemical and physical properties. Soil pH (in water) and electrical conductivity (EC) were measured using
glass electrode-pH meter and conductivity meter, respectively. Soil organic carbon was determined by the
Walkey-Black dichromate titration method (Walkey and Black, 1934), while total nitrogen content was
determined by macro-Kjedhal digestion (Bremner and Mullraney, 1982). For the CEC determination, the
leaching methods with 1M ammonium acetate buffered at pH 7 was used. The exchangeable K, Ca, Mg and
Na were determined by Atomic Absorption Spectrometry. Phosphorus was determined by Bray-Kurtz
methods (Bray and Kurtz, 1945). The Phosphorus in the extract is measured colorimetrically by the
molybdenum methods on double beam spectrophotometer (Hitachi U-2000). The homemade fertilisers were
also analysed for N, P, K, Ca and Mg using the same methods as above.

Only selected microorganisms, namely four common beneficial microbes (Lactobacillus, Azotobacter,
Azospirillum, Actinomycetes) and two pathogenic microbes (Fusarium, Erwinia corotovora) were studied.
Soil samples from 0-15cm depths were taken from both NF and CF plots. Serial soil dilutions were made
and 1 ml of each dilutions was dropped and spread on specific agar medias. Spread plates containing
Tomato Juice Agar (TJA), Azotobacter Agar (Azob), Azospirillum Agar (Azos), Actinomycete Isolating
Agar (AlA), PCNB Agar (PCNB) and Crystal Violet Pectate Agar (CVP) were used for enumerating the
microbial populations of Lactobacillus, Azotobacter, Azospirillum, Actinomycete, Fusarium and Erwinia
corotovora respectively.

Data were analysed using SAS package (SAS Institute 1985). The Least Significant Different (LSD)
analysis was carried out to determine the level of significance among the treatment means.

Results and brief discussion

The chemical and physical properties of the soil in both sites (Table 3) showed contrasting changes. At Air
Kuning, the soil properties improved in the NF plots. Total nitrogen content, organic carbon and CEC
increased significantly. The nitrogen % increased from 0.15 to 1.95 %, the organic carbon increased by 64%
and the CEC increased by 37%. In the CF plots, no significant changes were observed in all the soil
parameters. At Serdang, there were only significant changes in the CEC, especially the exchangeable Ca and
Na of about 30% in the NF plots. Very subtle soil changes were seen in the CF plots.
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Due to different soil types and management, both sites show different trends in changes. In Air Kuning
where NF had been practised on the plot for two years before the experiment, overall soil improvements
were observed even though some were not significant. This is perhaps due to the continuous application of
the home-made fertilisers and composts which contained some amount of nutrients, particularly nitrogen
(Table 2). Though the amount of nitrogen is small in most cases, but the repeated applications over the two
years of practice as in Air Kuning, could have caused the improvement in the soil. The soil in Serdang prior
to the experiment was not exposed to any microbial amendments and changes in the soil nutrients would not
have a significant effect over one season. Studies comparing changes between the conventional and organic
farming systems which have been farmed for 70 years have shown increased changes especially in the
nitrogen mineralisation and soil organic matter (Pulleman et al. 2002).

Beneficial microbial activity was generally higher in the NF than the CF treatments in the Air Kuning site
(Fig. 1). The numbers of Lactobacillus, Azotobacter and Azospirillum, were significantly higher in the NF
than the CF treatments. In the Serdang site however, no significant changes in the number of Lactobacillus,
Azotobacter, Actinomycetes, were obtained (Fig. 2) between the CF and NF treatments. This is probably due
to the site being newly practised with natural farming compared to Air Kuning, which had been on natural
farming management the past 2 years. The presence of high organic content in Air Kuning may have
provided greater microorganism growth. Greater amounts of newly formed and readily decomposed nutrient
fractions may have been the contributing factor of growth of more microorganisms (Elmholt & Kjoller,
1987). The pathogen, Erwinia, showed a decreasing number at the end of the experiment, for both the CF
and NF treatments in Air Kuning. In the CF and NF treatments, a very slight increase in the Fusarium
number was observed, from 20 - 32 x 10* cfu/ml in the NF treatment especially.

In the Serdang plots however, no significant increase of beneficial microorganisms was observed in both the
CF and NF plots. No significant decrease in pathogens was also observed in both CF and NF plots even
though use of compost had shown that it suppresses a wide range of soil-borne plant pathogen (Cook &
Baker, 1983, Hoitink, et al. 1997). The conflicting evidence in relation to the number of beneficial microbes
in the Serdang site may be attributed to management practices (Shannon et al., 2002).

The total harvested yield in NF plots in Air Kuning was 6.7 % higher than the CF plot. Conversely, the CF
plot in Serdang had higher yields compared to NF. This may be attributed to the Serdang plot being exposed
to chemical inputs for a long time compared to the soil in Air Kuning which had been under NF practice
over 2 years.

Conclusions

Results showed that NF practices had a potential ability to improve the soil nutrient status compared to CF.
However, significant levels of soil physical properties, especially in the Serdang site, previously under CF,
was not evident because a longer period of study is required to observe the significant changes under both
farming systems. In the Air Kuning site, this had been cultivated under NF for 2 years, the beneficial
microbial population increased and the number of pathogen showed a downward trend. This preliminary
observation also showed that the crops yields too, increased though not significantly, under continuous
natural farming practices.
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Table 1. Type, rate and fertilization schedule

NF Days after Type of spray

planting
Fertilizer Type of preparation No of ml/amount of water
FPJ + OHN -1 Type Il
Type Il 5 FPJ 1:500
Type 1l 12 Rice vinegar 1:500

14 FAA 1:1000
Morning sickness 19 PCa 1:1000
Type Il 26

28 Type Il
Type Il 30 FFJ 1:500
Morning sickness 40 Rice vinegar 1:800
Type Il 47 CaP 1:800
Morning sickness 54 FAA 1:1000
Type Il 61 Sea water 1:30
Type Il 68
Morning sickness 75 Morning sickness
Type Il 82 FFJ 1:500
Type I 89 Rice vinegar 1:300
Morning sickness 96 FAA 1:1000

PCa 1:800

DAP = Days after planting

Table 2. Nutrient content of compost and the home made fertilizers

Material Nutrient content (%)

N P K Ca Mg
IMO compost 1.48 0.26 0.17 1.64 0.18
Fermented fruit juice (FFJ) 1.2 0.1 0.5 0.2 0.2
Fermented plant juice (FPJ) 13 0.1 0.5 0.2 0.1
Fish amino acid (FAA) 14.2 1.0 0.7 0.8 0.1
Egg calcium phosphate (CaP) 0.2 0.04 0.02 2.3 0.03
Bone calcium phosphate (PCa) 0.6 0.2 0.02 0.3 0.01
Oriental herb nutrient (OHN) - - - - -
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Table 3. Soil chemical and physical properties at Air Kuning (3.1) and Serdang (3.2)

Air Kuning
Air Kuning (3.1) Natural Farming (NF) Conventional Farming (CF)
Before After Before After
pH 4.48a 4.95a 4.07a 4.35a
Conductivity 37.1a 40.8a 24.2a 30.5a
Organic Carbon 1.95b 3.20a 1.82b 2.05a
Nitrogen (%) 0.15b 1.95a 0.21b 0.45b
Phosphorus (ppm) 38.2a 45.9a 37.4a 35.9a
Cation Exchange Capacity (meq / 100g soil) 4.55b 6.25a 3.78bc 4.21b
Exchangable Cation
(meq / 100g soil)
K 0.10b 1.25a 0.35b 0.45b
Ca 1.04a 1.45a 0.77ab 1.23a
Mg 0.18a 0.26a 0.15a 0.10a
Na 0.15b 0.41b 0.10b 1.25a
Bulk density (g / cm®) 1.30a 1.01a 1.35a 1.25a

Means followed by the same letter in rows is insignificant at P<0.05 by DMRT

Serdang
Serdang (3.2) NF CF

Before After Before After
pH 4.85a 5.04a 4.98a 4.75a
Conductivity 39.11a 45.20a 40.05a 43.12a
Organic carbon 2.42a 1.95ab 2.57a 2.19a
Nitrogen%) 0.16a 0.25a 0.15a 0.09a
Phosphorus (ppm) 13.68a 15.30a 12.80a 10.32a
Cation Exchange Capacity (meq / 100g soil) 11.03b 14.04a 12.25b 11.55b
Exchangable Cation
(meq / 100g soil)
K 0.10a 0.25a 0.14a 0.16a
Ca 1.15b 3.30a 1.35b 1.09b
Mg 0.48a 0.65a 0.55a 0.63a
Na 0.10b 0.86a 0.13b 0.15b
Bulk density (g/cm®) 1.28a 1.25a 1.30a 1.27a

Means followed by the same letter in rows is insignificant at P<0.05 by DMRT

Table 4. Total yield of long beans at Air Kuning and Serdang

Total harvest (kg)
Air Kuning Serdang
NF CF NF CF
Total Yields 515 483 123 152
(Mean + Standard Error ) (10.2045.33) (8.60+4.47) (2.86£1.52) (3.55+1.98)
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Figure 1. Soil microbial population changes in Air Kuning soil before and after planting
(The vertical bar represent standard error)
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Figure 2. Soil microbial population changes in Serdang soil before and after planting
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Abstract

The DOK long-term field trial in Switzerland started in 1978 (Méader et al., 2002). Biodynamic (BIODYN),
bioorganic (BIOORG) and integrated (CONFY M) farming systems with manure fertilization, an integrated
system based on mineral fertilizer only (CONMIN) and an unfertilized control (NOFERT) were investigated
for changes in soil organic matter and on the structure of the soil microbial communities. Soil organic matter
(SOM) in the Ap-horizon (0-20 cm) was analysed from the beginning of the DOK field trial in 1978.
Roughly 20% of the initial SOM was lost when no manure was applied for 21 years as in the CONMIN and
the NOFERT system, whereas SOM increased slightly by 4% in the BIODYN system that makes use of
composted farmyard manure, corresponding to 1.4 livestock units per hectare (LSU). The BIOORG and the
CONFYM system lost about 7%.

Soil microbial biomass analysed from 2000 and 2003 samplings revealed higher values in organically
fertilised plots. Bacterial and eukaryotic biomasses followed the order: CONMIN < CONFYM < BIOORG
< BIODYN. Phospholipid etherlipids, indicative for micro-organisms of the domain Archaea occurred in
abundance compared to other organically fertilised soils and followed the order: CONMIN < BIODYN =
BIOORG = CONFYM. Clear differences in PLFA based microbial community structure among the four
farming systems were observed. Organic fertilization compared to no manure had the strongest effect,
followed by organic farming compared to integrated, and finally the kind of organic farming management
(BIODYN with composted manure vs. BIOORG with rotted manure). The incorporation of maize-derived
carbon — with higher **C content — to some of the PLFA was detected and highlights the functional role of
the corresponding microbial groups in carbon transformation processes. Contrasting **C values in the PLFA-
biomarkers for Archaea in organic and conventional soils support the assumption that carbon transformation
processes are affected by the farming systems.

Our results suggest that changes in SOM are indicated by changes in soil microbial biomass. The functional
role of microbial groups will be further investigated. The enhanced chemical and biological soil quality
found in the field plots fertilized with manure and manure compost maintains key soil functions, on which
low input farming systems rely.

Introduction/Problem

Investigations of the impact of agricultural practices on soil carbon sequestration emphasize the return of
carbon especially by animal manure (Freibauer et al., 2004; Smith et al., 2000). Having passed the digestive
tract, manure is enriched in more refractory compounds that may persist as stable soil organic matter
associated with clay and silt particles (Paustian et al., 1997). While the return of farmyard manure to soils
has a positive impact on soil carbon, the application of composted manure may have further benefits that are
carried along with the aerobic decomposition, where less methane — an important greenhouse gas — develops
than in stacked manure (Davis, 2002).
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Soil microbial communities are responsible for productivity and stability of agricultural land use systems
and have, moreover, important functions in global nutrient cycling. Mé&der et al. (2002) found a higher
nutrient efficiency in organically managed soils of the DOK long-term field trial, which might be due to
higher biodiversity found in these systems. Changes in soil organic carbon over 21 years of organic and
conventional farming are presented and discussed within the frame of carbon sequestration and effects on
soil quality. In the view of higher nutrient efficiency in organic compared to conventional farming systems,
structure and in situ functions of microbial communities were investigated in this study.

Methodology

In 1978 the DOK field experiment, comparing two organic and two conventional farming systems, was set
up at Therwil in the vicinity of Basle, Switzerland. The biodynamic (BIODYN) and the bioorganic
(BIOORG) systems received organic fertilizers, whereas organic and mineral fertilizers were applied in one
conventional (CONFY M) system, managed according to integrated production since 1985. Another
treatment was left unfertilized during the first crop rotation, but was converted to a conventional treatment
with mineral fertilizer only (CONMIN) in 1985. A control treatment remained unfertilized (NOFERT). The
biological systems (BIODYN and BIOORG) received 45-69% of the nutrients (NPK) that were applied to
the conventional systems (CONFYM and CONMIN) (Méder et al., 2002). Soil organic matter in the top soil
(0-20 cm) was analysed by wet potassium dichromate digestion.

In spring 2003, soil samples from winter wheat plots of the DOK long-term field trial (0-20 cm soil depth)
with potatoes and maize as preceding crops were taken. Maize shows a higher content of the *C isotope
than all other (C3) plants cultivated on the DOK soils so far and has not been grown on the DOK soils for at
least 30 years. It serves as a natural tracer for carbon transformation in this study. Soil samples were
subjected to analyses of phospholipid fatty acids (PLFA) and phospholipid etherlipids (PLEL) to determine
bacterial, eucaryotic and archaeal microorganisms (Gattinger et al., 2003; Zelles, 1999). PLFA and PLEL
biomarker were determined by gaschromatography/mass spectrometry-combustion-isotope ratio mass
spectrometry (GC/MS-C-IRMS). This instrumentation allows the analysis of the community structure and
the simultaneous determination of *C/*2C ratios in PLFA and PLEL biomarkers for functional analyses of
the soil microbiota.

Results and brief discussion

Soil organic carbon values in the Ap-horizon (0—20 cm) decreased in all farming systems in the first years
after the initial setup of the DOK field experiment in 1978. Over the three crop rotation periods studied, soil
organic carbon in the BIODYN system increased by 4% with respect to the starting value, whereas in the
other farming systems values decreased slightly. The total loss in soil organic carbon was highest in the
NOFERT system, where 20% of the initially present carbon had disappeared from the A,-horizon. The
CONMIN system lost 13 % of the initial carbon content. The BIOORG and the CONFYM systems showed
a loss of 5% compared to the starting values. Compared to the conventional mineral fertilizer system
(CONMIN) the amount of carbon sequestered in the BIODYN system was 6.9 Mg C ha® and compared to
the CONFYM system 3.4 Mg C ha over 21 years. The difference between BIODYN and CONFYM
accumulated to 16 Mg C ha™ when the soil profile was analyzed down to 80 cm in a one-year study
(Fliessbach et al., 1999), where significant differences were found until 60 cm depth.

Soil microbial biomass carbon (Cyic) in the top soil varied between 526 kg ha™ soil in the CONMIN system
and 864 kg ha™ soil in the BIODYN system. These criteria of soil quality were generally enhanced in
organic farming systems as compared to integrated emphasizing the important role of element cycling
processes that are supported by an abundant and active soil biological community (Mé&der et al, 2002).

Analyses of soil samples for phospholipids biomarkers from 2000 and 2003 revealed higher microbial
biomass in the organically fertilised plots. Bacterial and eukaryotic biomass in these samples followed the
order: CONMIN < CONFYM < BIOORG < BIODYN. Archaeal communities as indicated by phopholipid
etherlipids occurred at moderate abundances compared to other organically fertilised soils (Gattinger et al.,
2005) and followed the order: CONMIN < BIODYN = BIOORG = CONFYM. The preceding crop (winter
wheat or maize) for the 2003 samples did not have an effect on total microbial biomass.

Using the phospholipid fatty acid (PLFA) biomarker approach, clear differences in microbial community

structure among the DOK farming systems were observed. The effect of organic as compared to mineral
fertilization had the strongest effect on changes in microbial community structure, followed by the type of
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management either organic or integrated, and the kind of organic farming (BIODYN or BIOORG) and
finally the preceding crop showing the weakest effect. Diversity indices (Shannon-Weaver) were calculated
for the microbial communities based on the number of PLFA and their abundance. The CONFYM system
showed the significantly highest number of PLFA (= richness) and highest diversity (H), followed by
BIODYN and BIOORG which had similar values for both. No difference in equitability or evenness (Ey)
among farming systems were found. However, apart from the suitability and meaningfulness of diversity
indices in soil ecology, they don’t provide information on the functional aspects of the respective microbial
communities. Therefore, we combined a specific *C-isotope analysis of the phospholipid biomarkers, which
links microbial community structure to carbon transformation processes (Boschker et al., 1998). This
analysis shows the eventual uptake of maize derived carbon sources that are enriched in *C, due to the C4
photosynthesis pathway, by the microbial decomposer community in soil discernible by phospholipid
analysis. First results showed that 6 months after maize harvest in all investigated farming systems, several
Gram-positive and Gram-negative bacteria, fungi and protozoa incorporated maize-derived C in their
membrane lipids. Representatives of the domain Archaea did not show maize incorporation, however
archaeal lipids showed significantly higher *3C values in BIODYN and BIOORG plots. This clearly
indicates that archaeal communities in BIODYN and BIOORG perform different C transformation processes
than in CONFYM and CONMIN plots. Ongoing analyses of lipids from further microbial groups will
contribute to the knowledge of in situ functions of microbial communities and may reveal different C
transformation processes among farming systems.

Conclusions

Soil organic matter in farming systems of the DOK trial was positively affected by manure amendment.
After 21 years of plot management only the biodynamic farming system at 1.4 livestock units per hectare
showed higher soil organic matter levels as compared to the start. Farming systems without manure showed
the severest loss in soil organic matter over time. Mixed farming and manure amendment of soils, therefore,
is proven again to exert positive effects on soil carbon content, which may have important implications for
the current discussion on carbon sequestration. Even though other factors cannot be excluded, the
outstanding role of the biodynamic system is probably due to the composting of farmyard manure.

The analysis of microbial biomarkers (PLFA, PLEL) shows that long-term organic farming may lead to the
formation and adaptation of a “system-specific” soil microbial community. This could be demonstrated at
least for the community structure. First results of the functional analyses of soil microbial communities
support the assumption that carbon transformation processes differ between the investigated farming
systems.

Differences in microbial biomass and microbial soil processes between the organic and integrated farming
systems of the DOK trial may differ under real conditions, since the DOK trial systems were different only
with respect to plant protection, manure quality and mineral fertilizer supplement. Crop rotation and soil
tillage were identical. The inclusion of a more diverse crop rotation, as often found in organic farming
practice is likely to favour organic farming systems in the real world. Comparison of farming systems under
real on site conditions, however, are much more complex, due to the higher diversity and variability of crops
and management measures. More work has to be done to evaluate in depth the single effects of management
factors and their integrative effects on soil organic matter and the total soil microbial community in order to
interpret the effects of farming systems.
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Abstract

The effect of continuous organic farming (OF) on the arbuscular mycorrhizal fungi (AMF) of winter wheat
(Triticum aestivum) was investigated in a greenhouse pot trial. Representative soil samples were taken from
5 farms in the “Weinviertel” region, northeast of Vienna, Austria. On each farm three sites with a different
duration of OF were selected for soil sampling; wheat was used as test plant. The mycorrhizal colonization
(MC), root length density (RD) and the mycorrhizal colonized root length density (MD) were evaluated for
the wheat roots. The majority of the wheat plants indicated an increasing MC and MD with increasing
duration of OF. Based on our results we assume that a conversion period from conventional to OF of
approximately 15 years is needed to establish a stable population of AMF, with all their considerable
potential benefits for the host plants, and their contribution to maintaining soil fertility and structure.

Introduction/Problem

Arbuscular mycorrhizal fungi (AMF) are a main component of the soil edaphon in most agroecosystems.
These obligate mutualistic symbionts colonize the roots of the majority of crop plants (Smith et al. 1997).
AMF can efficiently absorb mineral nutrients (George et al. 1995) by their extended hyphal network,
especially from nutrient-poor soils, and deliver them to their host plants in exchange for carbohydrates.
AMF can also enhance the host plant’s resistance to root pathogens (Azcon-Aguilar et al. 1996) and its
tolerance of abiotic stresses, such as drought (Subramanian et al. 1995). Furthermore, AMF play an
important role in the formation of stable soil aggregates that allow water and air infiltration and prevent soil
erosion (Miller et al. 2000). Because of these beneficial effects it is a challenge to develop AMF
management strategies applicable for sustainable low-input but productive agricultural systems such as OF
(Hamel 1996, Klironomos et al. 2000). Industrial farming practices are apparently detrimental for AMF, as
recent studies indicate that AMF performance is declining with agricultural intensification (Ryan et al. 1994,
2002). However, little is known about how the duration of OF affects AMF. Therefore, we performed a
study about the effect of the duration of OF on the root colonization of wheat by AMF.

Methodology

On five farms (A-E), three field sites with a different duration of OF on each were selected for this study.
They are all located in the so-called "Weinviertel", an area northeast of Vienna extending to the border with
the Czech Republic. The climate of the region is temperate, with an annual precipitation of about 650 mm
and an annual average temperature of about 9.0°C. The soils on the five farms (A: Haplic Phaeozem; B and
C: Eutric Cambisol; D: Haplic Chernozem; E: Luvic Chernozem) developed from loess, a wind-blown
sediment of silty texture deposited during the last ice age. The agricultural use of the soils is arable land with
OF in accordance with the Austrian guidelines corresponding to EU regulation 2092/91, from 7 to 19 years
on average without applying mineral fertilizers or synthetic pesticides. Fertilization was based on green
manuring by various legumes, the application of composted plant residues produced on the farm, and horse
manure. The previous crops and soil management by tillage was the same for every plot.

Soil samples (four replicate plots per field site) were taken after the harvest of the crop plants and tillage in
September 2000. At each plot, two soil blocks (30 x 30 cm) were taken with a spade to a depth of 30 cm.
The soil samples from each plot were mixed and sub-samples were used in a greenhouse pot trial with 4
replicates. Because of its importance as cash crop in arable OF, wheat (seed density 200 kg ha™*) was used as
trap plant for colonization with autochthonous AMF. The soil parameters (pH, available P) were measured
in the laboratory of the Austrian Agency for health and food safety (AGES), Vienna, according to standard
methods. The trap cultures were kept in a greenhouse under natural light from October 2000 till May 2001.
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For vernalisation, a cold temperature treatment before flowering (Thomas 1993) was necessary, therefore
the trap cultures were placed outside the greenhouse for some days in January. Four soil cores (30 cm?®,
sampling depth 20 cm) were taken at the shooting of the wheat plants from each pot for the extraction of
roots in May 2001.

Cereals show the highest uptake rates of P until shooting (Romer et al. 1986) and the rate of root growth is
in accordance with the hyphal growth rate of the AMF hyphae. The wheat roots were separated from the
adhering soil by a hydropneumatic elutriation system (Gillison’s Variety Fabrication Inc., USA) through a
sieve with a mesh of 560 um (Smucker et al. 1982). The root length density (Moo M3i RD) was
determined according to the method of Giovanetti et al. (1980). Roots were stained according to the method
of Vierheilig et al. (1998) and the mycorrhizal colonization (% MC) was determined under a light
microscope according to the method of McGonigle et al. (1990). Considering that plants can compensate for
a low MC due to a low colonization potential in the soil by a higher density of their root system, RD was
multiplied by MC to obtain the mycorrhizal colonized root length density (Mcoionized roots M soit MD), @ more
reliable parameter for the determination of a significant MC of a plant root system (Amijee et al. 1989). The
data obtained for RD, MC and MD were divided into 3 groups of different duration of OF (long-term, mid-
term, short-term) and subjected to a one way ANOVA. The mean values of four replicate pots were
compared using Tukey’s multiple range test (P<0.05).

Results and brief discussion

In a first step, the determined parameters were compared for the three sites investigated on each of the five
farms. The MD of wheat grown in the soil of the farm Alt Prerau was significantly increased after 16 and 13
years of OF compared to 9 years. Wheat grown in the soil of the farm Herrnleis showed a significantly
increased MD after 17 and 11 years of OF compared to 6 years. No dependence of the MD of wheat on the
year of conversion from conventional to OF could be found in the soil of the farm Neubau. The MC of the
wheat roots of all treatments was approximately 35%, a relatively high value compared to the other
treatments. The duration of organic farming on this farm ranged from 13 to 22 years. This long duration of
OF even on the most recently converted site presumably was beyond the time needed for the establishment
of a stable AM population, and can be regarded as the reason for the lack of effect of the conversion date on
this farm. The MD of wheat grown in the soil of the farm Obersiebenbrunn was not significantly different
between the longest (25 years) and the shortest (9 years) duration of OF. Interestingly, the MD of wheat was
lowest in the soil with a medium-term duration (18 years) of OF, which was due to the relatively high RD.
The MD of wheat grown in the soil of the farm Spillern was significantly increased after 11 years of OF.

In a second step, the determined parameters were compared over all the five farms. Therefore, the field sites
of each of the farms were pooled in three groups of different duration of organic farming: (long-term,
medium-term and short-term OF, with an average duration of 19 years, 13 years, and 7 years of OF,
respectively) (Tab. 1).

Tab. 1: Overview concerning the MC, RD and the MD of winter wheat (Triticum aestivum) within the
groups as affected by the duration of organic farming.

Duration of Organic Farming MC (%) RD (m m?) MD (m m?)
long-term (& 19 yr) 31+7a 6,4+09a 20+06a
medium-term(< 13yr) 30+2a 6,3+06a 19+0,2a
short-term (& 7yr) 17+2b 72+13a 1,2+03b

Values for determined parameters are shown with standard deviation (+), Treatments within one column with the same
letter are not significantly different according to Tukey’s multiple range test (P < 0.05).

Wheat plants grown in the pots with the soil from the plots with a medium- and long-term duration of OF
maintained a significantly higher level of MC (Tablel 1) and MD (Figure 1) than in the short-term group. No
differences were found in the RD of the wheat plants across the different treatments. No differences were
found in the yield of wheat in the trial (data not shown).
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Fig. 1: Mycorrhizal colonized root length density (MD) of winter wheat (Triticum aestivum) within the
groups as affected by the duration of organic farming.

Already more than 60 years ago, Sir Albert Howard (1943), one of the most important figures in the
development of the organic movement, suggested that “the presence of an effective mycorrhizal symbiosis is
essential to plant health". The potential benefits of OF to soil fertility and soil microorganisms such as AMF
has been shown in numerous investigations (e.g. Foissner et al. 1986, Lee et al. 1992, Liebhart et al. 1989,
Limonard et al. 1989, Hole et al. 2005). Of high significance, therefore, is the enriched humus content due
to organic fertilization, especially with composted farmyard manure and soil management with reduced
(conservation) tillage. Several observational studies have assessed differences between colonization levels
and spore populations in differently managed agricultural systems (Sattelmacher et al. 1991, Douds et al.
1995 & 1999, Mader et al. 2000, Oehl et al. 2003, 2004 & 2005).

To our knowledge, the MC, RD and MD of cereal crop plants have not been investigated over a broad range
of OF duration. In two (Alt Prerau and Spillern) of the five investigated organic farms we found an increase
of the MC after at least 11 and 13 years of continuous OF, respectively. Werner (1997) already found a
significantly higher MC in an apple orchard (Malus domestica) after 2 years of continuous OF, probably due
to the higher occurrence of highly mycorrhizal accompanying weeds and complementary herbs. In the pot
cultures with soil samples from the farm Obersiebenbrunn we found an increase of the MC after 20 years of
continuous OF, whereas no differences concerning the MC of wheat in the pot cultures from the farm
Neubau were found. That could be due to the relatively high duration of continuous OF (at least 13 years)
and the relatively high MC (>30%) in all treatments. In this case, the reestablishment of the soil organisms
probably already had taken place within 13 years. In the comparison over all the farms, we found a
significantly higher MC of wheat plants after at least 13 years continuous OF. The divergence to the shorter
duration of OF causing a significantly higher MC in the comparison within the farms in relation to the
comparison over all five farms is probably due to the relatively high MC of wheat in the pots with the soil
trials of the farm Neubau, which increased the standard deviation.

Conclusions

For the majority of the wheat plants in our investigation we found an increasing MC and MD with longer
duration of OF. Highly probable reasons responsible for our results are the rejection of easily soluble
mineral fertilizers and artificial agro-chemicals such as pesticides and fungicides, as well as the
establishment of a stable autochthonous soil organism community. Based on our results we assume that
approximately 15 years is needed after conversion from conventional to OF to establish a stable population
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of AMF, with all their potential benefits for the host plants and their contribution to maintaining soil fertility
and soil structure.
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Abstract

A lysimeter experiment was conducted to investigate differences in soil biological properties and leaching
losses caused by past and present management practices. Intact monolith lysimeters were taken from sites of
the same soil type that had either been under long-term organic or conventional crop management and were
then managed according to organic and conventional practices and subjected to the same crop rotation for a
period of 30 months. Soil samples were taken at the start and the end of the experiment and analysed for
biological soil properties, including microbial diversity. Leachate was analysed for mineral N losses. Results
indicated that over the trial period, leaching losses were similar for all treatments and that current
management practices, e.g. crop rotation and green manuring, were the main influences on microbial
biomass composition and size resulting in microbial communities of similar size and structure for all
treatments. Enzyme activities showed significant differences that were equally caused by past and present
management practices.

Introduction

Soil biota play a vital role in the maintenance of soil fertility and productivity; however, we know little
about the role of microbial community structure and function in sustaining soil ecosystems (Ritz et al. 1994;
Insam & Rangger 1997). Microbial diversity in soils is influenced by many factors, including soil properties,
environmental conditions, and anthropogenic activities, including land management techniques like organic
production systems. Therefore, changing management practices could have significant effects on the soil
microbial community and associated soil processes (Shepherd et al. 2000; Waldrop et al. 2000; O'Donnell et
al. 2001; Girvan et al. 2003). Intact monolith lysimeters (0.2 m? surface area) are a suitable way to
investigate microbial diversity (community composition, activity and function) and its relationship to
nutrient cycling and the associated environmental impacts (e.g. Di et al. 1998). They provide the benefits of
a pot trial with the ability to subject soils to various management practices and measure leaching losses. The
objectives of this study were to evaluate the influence of organic and conventional farm management
practices on the soil microbial community and mineral N leaching losses, and to compare impacts of soil
history and current management on selected soil properties, including microbial diversity and activity.

Methodology

Eight intact monolith lysimeters (50 cm diameter; 70 cm deep) were taken from each of two sites within the
Lincoln University cropping farm (Canterbury, New Zealand) (43°38’S; 172°27°E). Both areas had the
same soil type (Udic Ustochrept, USDA; free draining to 70 cm) and comparable chemical and physical soil
properties. At the time of collection, the sites had been under either organic or conventional management for
at least 25 years. For the following 30 months, four lysimeters from each site were managed under the
original production system, while the other four were managed under the alternative management system,
resulting in four treatments distinguished by farming history and current management practice (Table 1).

Hand weeding was used for all treatments and pesticide application was unnecessary during the trial period;
the fertilisation regime was, therefore, the main distinguishing factor between the organic and conventional
managed lysimeters. The lysimeters were cultivated under identical cropping regimes (three main crops plus
a lupin green manure) and managed according to best organic and conventional practices, receiving the
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same amounts but different forms of fertiliser (mineral vs. BioGro approved; no additional N in ORG
treatments) (BioGro New Zealand 2001).

Table 1: Details of treatments included in the lysimeter study.

Treatment ID Soil origin (past management) Current management
B ORG BHU (organic) organic

B CON BHU (organic) conventional

L ORG LCF (conventional) organic

L CON LCF (conventional) conventional

Leachate was collected from the lysimeters after irrigation or significant rainfall events and analysed for
total mineral nitrogen. Soil samples (0-15 cm) were taken at the beginning and the end of the experiment
and analysed for total carbon (Cy) and nitrogen (Ny) (Leco® CNS-2000 elemental analyser), microbial
biomass carbon (Cric) and nitrogen (Nmic) by fumigation extraction (Sparling & West 1988), arginine
deaminase activity (ADA) (Alef & Nannipieri 1995), and fluorescein diacetate hydrolysis (FDA) (Adam &
Duncan 2001). Genetic diversity of the bacterial communities was determined by DNA extraction, followed
by PCR amplification of 16S rRNA genes and denaturing gradient gel electrophoresis (DGGE) (e.g. Heuer
et al. 2001).

Data was analysed by general linear model analysis of variance and least significant differences (LSDy os)
were calculated using GenStat (Release 7.1). DGGE patterns were analysed by cluster analysis according to
Ward (1963) using Quantity One 1-D Analysis Software (Bio-Rad, USA).

Results and brief discussion

All treatments showed comparable leaching patterns over the course of the experiment with cumulative
mineral N losses ranging from 20.8 to 29.1 kg ha™ (LSDys=10.9), although both ORG treatments showed
lower losses than the CON treatments (Figure 1). This suggests that the lack of N inputs in the organically
managed lysimeters reduced the leaching of mineral N; however, the duration of the experiment was too
short to allow for definite conclusions regarding trends. Most researchers’ findings suggest that differences
in soil properties can only be observed after 5 years or more following conversion to an organic farming
system (e.g. Méder et al. 1996; Stolze et al. 2000).

At the initial sampling, LCF had significantly higher levels of Cpjc, Ciot and higher Cpic:Cior, While ADA was
significantly higher in BHU, suggesting a relatively smaller but more active microbial community. Npc and
FDA were higher in LCF (not significant) (Table 2). Consistent with the differences in activity and biomass
size, DGGE banding patterns showed differences in community composition indicating that differences in
management practices are reflected in the microbial community which is consistent with other researchers’
findings (e.g. Marschner et al. 2003).

At the end of the experiment, no significant differences between treatments were measured in microbial
biomass size (Cmic and Nmic), i.€. previously measured differences were lost over time mainly in response to
management practices that were the same for all treatments (i.e. addition of a legume green manure and crop
rotation) by increasing Cic and Nmic in BHU soils and counteracting possible negative effects of mineral
fertilisers in CON treatments (cf. Robertson & Morgan 1996; Johnson et al. 2003). As expected, Cric:Crot,
Ciot and Nyt Were less variable and more strongly affected by past (BHU vs. LCF) compared to current
(ORG vs. CON) management (Table 2). However, measured differences were negligible. Microbial activity
was affected by past as well as current management. While FDA was significantly higher in LCF and CON
soils, ADA was higher in BHU and CON; however, for ADA, differences between ORG and CON were not
significant (Table 2 and Table 3). Similar to the microbial biomass measurements, DGGE banding patterns
showed no differences between the treatments, indicating comparable community structures. This implies
that similarly sized and structured microbial communities can express varying activities.
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Figure 1: Mean cumulative mineral N leaching losses (kg ha™) over the course of the lysimeter study.
Diamonds, time of sowing; Squares, time of harvest; arrows, fertilisation (days 127 and 600) and
lupin incorporation (day 526), respectively. N=4.

Table 2: Effect of past organic (BHU) and conventional (LCF) management on mean concentrations
of soil properties at the beginning and the end of the lysimeter study.

Soil property Beginning of End of experiment
experiment
BHU LCF BHU LCF
Cuic (Mg C g™) 494 (25.0) 596 (26.4) *** 1551.8 (10.4) 553.7 (11.0) NS
Niic (g N g™ 50.1 (3.42) 47.6 (2.49) NS  [45.9 (1.85) 42.8 (1.88) NS
ADA (g NH,-N gt hh 2.86 (0.10) 1.91 (0.08) *+% (295 (0.28) 1.81 (0.10) ok
FDA (ug fluorescein g™* h™) 115 (9.3) 123 (12.1) NS  [228.3(8.96) 283.2 (6.95) ok
Chic:Ciot (%) 1.93 (0.05) 2.25 (0.04) wx 2.03 (0.04) 1.87 (0.03) wx
Ciot (%) 2.77 (0.01) 2.93 (0.04) wx 2.72 (0.02) 2.96 (0.04) el
Niot (%) 0.24 (0.001) 0.24 (0.003) NS  |0.22 (0.002) 0.23 (0.002) *

*** p<0.001; **, p<0.01; *, p<0.05;
N=8 at the end of the experiment.

NS, not significant. Standard error of means in parentheses. N=3 at initial sampling.

Table 3: Effect of current organic (ORG) and conventional (CON) management on mean
concentrations of soil properties at the end of the lysimeter study.

ORG CON
Cuic (ug C g%) 557 (9.6) 549 (11.5) NS
Nmic (Mg N g™) 43.4 (1.98) 45.2 (1.87) NS
ADA (ug NH,-N g hh) 2.16 (0.30) 2.60 (0.27) NS
FDA (ug fluorescein g™ h™) 237 (11.6) 274 (10.6) ok
Chic:Crot (%) 1.97 (0.05) 1.93 (0.04) NS
Ciot (%) 2.83 (0.05) 2.85 (0.06) NS
Niot (%) 0.23 (0.002) 0.23 (0.003) NS

*** p<0.001; NS, not significant. Standard error of means in parentheses. N=8.

While microbial biomass and community composition were strongly and permanently affected by the
addition of organic matter, enzyme activity seemed to be a more inherent, resilient soil property. Only FDA
was significantly affected by past as well as current management, but for both enzyme activities the
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differences detected between the two soils at the beginning of the experiment could be measured after 30
months. These differences were observable even after addition of mineral fertilisers (as in B CON). For
FDA, this result agrees with findings that enzyme activities are rapidly affected by changes in management
practices and can, hence, serve as soil quality indicators (Bandick & Dick 1999; Bending et al. 2004).
However, it also indicates that microbial activity continues to be influenced by soil history for several years
after management has changed. This observation of “residual activity” questions the suitability of enzyme
activities as an early indicator for changes in soil quality.

Conclusion

After 30 months under the same crop rotation and cultivation regime, no major differences between
treatments were detected in mineral N losses and soil microbial biomass size and community composition.
However, past management was reflected in measurable differences in chemical soil properties, which are
expected to change slowly, and microbial activity. This indicates that in the short term, microbial
community size and composition are mainly influenced by management practices such as crop rotation and
green manuring that were the same for all treatments. Management history, on the other hand, has a lasting
effect on enzyme activities with initial differences remaining visible after conversion to organic and re-
conversion to conventional, respectively.
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Abstract

A comparative study of 13 organic and 13 neighboring conventional arable farming systems was conducted
in the Netherlands to determine the effect of management practices on chemical and biological soil
properties and soil health. Soils were analyzed using a polyphasic approach combining traditional soil
analysis, culture-dependent and independent microbiological analyses, a nematode community analysis and
an enquiry about different management practices among the farmers. Organic management resulted in
significantly lower levels of both nitrate and total soluble nitrogen in the soil, higher numbers of bacteria of
different trophic groups, as well as larger species richness in both bacteria and nematode communities and
more resilience to a drying-rewetting disturbance in the soil. All factors together indicating a higher level of
soil health under organic management.

Introduction/Problem

A healthy soil is defined as a stable system with (1) resilience to stress, (2) high biological diversity, and (3)
high levels of internal nutrient cycling (van Bruggen and Semenov, 2000). In this study we searched for the
effects long-term organic management under the Dutch conditions has on soil health determined by
biological, physical, and chemical parameters of the soil.

The recent emphasis in policy of the European Union towards more environmentally-sensitive farming
practices and the importance of surplus reduction has led to an increased focus on organic farming. Under
organic management, traditional conservation-minded farming methods are combined with modern farming
techniques but conventional inputs as synthetic pesticides and fertilizers are excluded. Instead of synthetic
inputs, compost and animal and green manures are used to build up soil fertility; pests are controlled
naturally, crops are rotated, and both crops and livestock diversified (Reganold et al., 2001). Varying results
with respect to both chemical and biological soil parameters were obtained in recent years with studies
comparing conventional farms — often only one or a few - with organic or reduced-input farming systems.

We chose a polyphasic approach to study soil health parameters in 13 pairs of arable soils. We combined
chemical and physical analysis, culture-dependent and independent microbiological analyses, nematode
community analysis and enquiries among the farmers concerning the management practices used.

Methodology

Sampling: 13 SKAL "-accredited organic farms and neighboring conventional farms on different soil types
throughout the Netherlands were sampled. Pairs had the same cover crop. “SKAL is the inspection body for
organic production in the Netherlands.

Management data: All farmers filled in a questionnaire about the farm practices in the last three years
regarding (cover)crops, amount and types of animal and green manure and/or fertilizer used, pesticides,
disinfectants, mechanical weeding, soil improvements and plowing depth. Amounts of added organic C, N
and P per hectare were calculated based on average (organic) fertilizer contents.

Chemical and physical analyses: Soil samples were analyzed for their NO3;, NH,, total soluble N, organic N,
total N, organic C, PO,, and total P contents. For physical characterization the pH in water, fractions of soil
particle sizes, and moisture content were determined.

Biological analyses: Basal CO; respiration and response amplitude (resilience) after drying and rewetting of
the soil were determined with an infrared CO,-analyzer. Total amount of copiotrophic and oligotrophic
groups of bacteria were determined by plating on selective media. Bacterial Species Richness and Shannon
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Index as indices for the microbial biodiversity were determined by denaturing gradient gel electrophoresis
(DGGE) with eubacterial primer sets and were based on band presence and abundance respectively.
Nematodes were extracted in a sub-sample of 100 grams and than counted and identified. Also, nematode
species richness and Shannon indices were determined.

Statistical analyses: One-sided paired t-tests were used for the comparisons between organic and
conventional soils for all measured and calculated chemical, physical and biological variables, both for
sandy and clayey soils separately as for the combined soil types.

Results and brief discussion

The management enquiry data showed that farmers did not significantly differ in their opinions about the
quality of their soil, a value based on answers given in the questionnaire about soil quality, structure and
moisture (not shown). The organic farmers tend to add more organic carbon to their soils via organic
fertilizers (Table 1). The total amounts of N and P applied as synthetic or organic fertilizer did not differ
between the two groups of farmers. Fifty percent of the conventional farmers also used fertilizers of animal
origin and about 40% also applied mechanical weeding. Similar numbers of organic and conventional
farmers used green manure crops, but they were used more often on clayey soils than on sandy soils.
Organic farmers generally plowed their field less deep.

Clayey and sandy soils differ in soil particle sizes and pH, but these were not influenced by management of
the soil. The nitrate and total soluble nitrogen levels of the organic soils were significantly lower than those
in the conventional soils (Table 1). But, neither ammonium, organic nitrogen, phosphate, total phosphorus,
total nitrogen, nor organic carbon levels in the soils differed significantly between management types (not
shown). In contrast to the study of Méader et al (2002), our set of soils showed relatively few differences in
chemical and physical parameters, except for the nitrate and soluble nitrogen levels.

Biologically, the organic soils often showed a higher level of basic respiration as measured by the amount of
CO, produced per gram of dry soil per time interval. Furthermore, the organic soils showed a better
resilience after a drying-rewetting disturbance of the soil, expressed as a greater response amplitude in
microbial respiration (Table 1). The organically managed soils contained higher numbers of copiotrophic
and oligotrophic bacteria, and had a higher diversity (both in species richness and Shannon index taking in
account species abundance) in both eubacteria and nematodes. These results are in accordance with the
findings of higher biological activity (Méader et al., 2002), biodiversity (Méader et al., 2002, Mulder et al.,
2003, Oehl et al., 2003) and biomass (Mulder et al., 2003) in organic soils in previous studies. The number
of Dauerlarvae increased with organic management. This corresponds to the observation that the number of
nematode resting forms tends to increase after application of organic manure in a field (Bongers et al.,
1997).

Soil type in our study was often a much stronger determinant of the soil characteristics and soil communities
than management type. These findings were in accordance with those of Girvan et al., (2003).
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Table 1. Chemical, biological and management characteristics of 13 pairs of organic and conventional
clayey and sandy soils; averages are given of (almost) significant characteristics only as
determined by paired one-tailed t-tests or chi-square tests between organic and conventional
treatments in all samples combined (13 pairs) and per soil type (7 pairs).

Clay soils Sandy soil Combined
variable Organic | convention | significance | organic | Conventio | significance | significance
al level nal level level
t-test t-test t-test
A. estimated 1222 360 0.179 4093 1272 0.355 0.259
added Corg
(mg/kg)
Manage- estimated 76.9 159.2 0.158 229.2 234.7 0.152 0.074
ment data  |added N
(mg/kg)
estimated 44.2 83.7 0.295 129.6 64.0 0.107 0.098
added P
(mg/kg)
Manure as 100% 28.6% 0.000 100% 71.4% 0.009 0.001
fertilizer
N/C ratio 0.05 924 0.016 0.06 46.5 0.097 0.005
applied
fertilizer
Mechanical 100% 42.9% 0.002 100% 28.6% 0.000 0.000
weeding
Plow depth 232 26.0 0.074 20.9 21.3 0.242 0.046
(cm)
B. pH 7.32 7.39 0.051 5.38 5.46 0.217 0.098
Chemical NO; (mg/kg) 214 29.3 0.005 5.4 16.7 0.082 0.005
data
Nts (mg/kg) 272 35.3 0.003 15.4 25.7 0.068 0.003
Norg (mg/kg)® | 3.29 3.35 0.379 6.50 5.04 0.1181 0.162
Corg (mg/kg)b 20345 20227 0.458 28323 25402 0.132 0.133
C. Basal resp. 7.69 4.54 0.011 4.99 4.99 0.500 0.047
Biological  [(ug/g dry
data soil/hr)
Response 6.25 7.67 0.107 7.12 8.39 0.084 0.026
amplitude®
(ng/g dry
soil/hr)
Copiotrophic 244 E7 221 E7 0134 2.36 E7 1.77E7 0.008 0.006
bacteria
(CFUs/g)
Oligotrophic 6.16 E5 3.75E5 0.064 8.64 E6 5.36 E6 0.020 0.015
bacteria
(CFUs/g)
Bacterial 47.50 41.00 0.004 52.00 45.86 0.002 0.000
Diversity S
Dauerlarvae 265 10.1 0.027 147.4 79.7 0.120 0.075
bacterivore
nematodes
Nematode 23.83 22.43 0.055 25.86 22.43 0.24 0.042
Diversity S
Nematode 1.01 0.94 0.086 1.02 0.93 0.27 0.076
Diversity H°®

Norganic= Ntotal soluble — (NO; + NH,); ®) % C in dry matter; ) Amplitude of the initial response in respiration to
rewetting of dried soil; %) “Species” Richness as determined by DGGE; ) Shannon Index as determined by nematode
frequency data.
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Conclusions

We conducted a comparative study of 13 organic and 13 neighbouring conventional arable farming systems
in the Netherlands to determine the effect of management practices on chemical and biological soil
properties and soil health. Often management practices were shared among both management types and
many of the measured or calculated soil characteristics were not significantly different between the two
management types, emphasizing that the differences between organic and conventional are more gradual
than black-and-white. Successful practices in organic farming are readily adopted in conventional farming
and, of course, where possible also the conventional farmer will reduce his input of energy and pesticides.

The soil type, clayey or sandy, has a more pronounced effect on most of the determined soil characteristics
than its management types. The main reasons for the higher biodiversity in the organic soil - and thus a
higher soil health - seem to be the lower plow depth and especially the use of the organic amendments and
the absence of artificial fertilizer, which results in lower nitrate levels and a higher biodiversity in nematodes
and bacteria.
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Abstract

Organic cereal production in southeast Australia is challenging for producers due to a range of influences
such as weeds and low soil available phosphorus. Two experiments were conducted on a certified organic
property at Berrigan NSW during 2001-2003 to investigate ‘within crop’ weed management and forage crop
management for weed control. Sowing later using a short season wheat cultivar did not affect yield and
reduced (P<0.05) levels of annual ryegrass (Lolium rigidum Gaud.). Incorporating a forage crop into the
rotation prior to sowing a cereal resulted in improved (P<0.05) weed management for the cereal crop, in
comparison to retaining annual pasture. There were no differences between forage treatments in weed
management in the following wheat crop. Where forage was cut for silage and then grazed, grain yield was
higher (P<0.05) than where forage was only grazed or cut for silage, or where annual pasture was retained.

Introduction

Organic crop and pasture production in southeast Australia is constrained by the presence of many exotic
plant species, a result of pastoral occupation, over-grazing by sheep, and extensive soil cultivation (Moore
1957). Cereal crops are further constrained by low levels of available phosphorus (P) (Penfold 2000),
making profitable organic production challenging for the majority of producers. Recent research into the
non-chemical management of annual ryegrass (Lolium rigidum Gaud.) in certified organic farming systems
has provided options to manage this weed in these farming systems (Burnett et al. 2004). Sowing cereal
crops later using a short season cultivar can provide an opportunity to manage ryegrass before the crop is
sown. Managing ryegrass in the year prior to growing cereals, by growing and managing a forage crop, has
also demonstrated significant weed reduction. This paper reports results from two experiments that
investigated the management of annual ryegrass in cereal crops and forage phases.

Methodology

Two experiments were conducted at a certified organic property at Berrigan in NSW (35° 40' S, 145° 9' E)
from 2001 to 2003. In experiment A the effect of establishment system and sowing rate on the density of
annual ryegrass in wheat was investigated over three years. Establishment systems consisted of sowing
wheat (Triticum aestivum cv. Chara) at a standard sowing time compared with a late-sown system using a
short season cultivar (H45). Different cultivars were selected. as the focus of the experiment was the
production system; consequently, cultivars were chosen on their suitability for that system. Standard sowing
times were 5 June 2001, 22 May 2002 and 6 May 2003, and late sowing times were 27 June 2001, 25 June
2002 and 6 June 2003. Three sowing rates (60, 100 and 150 kg/ha) were used and treatments were replicated
three times. The seed was sown into prepared soil and P (20 kg/ha) was applied as Guano™ with the seed.
Annual ryegrass density and wheat yield were measured.

In experiment B the effect of forage (field pea and oats) management on the subsequent weed burden and
grain yield in wheat crops was measured. A control treatment of annual pasture was grazed with sheep as
per current producer practice. Forage was sown in 0.22 ha plots in 2002. Forage was managed by grazing
with sheep, cutting for silage, green manuring, or a combination of silage and grazing. Wheat (cv. Chara)
was established in the year after forage production (2003), with weed burden and wheat yield assessed. The
soil was classified as a eutrophic red chromosol (silty clay loam) (Isbell 1996). Site soil characteristics (0-10
cm) and available nutrients for both experiments based on autumn tests are presented in Table 1 with
growing season rainfall data in Table 2.

page 108 ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005



Table 1. Soil characteristics (0-10 cm) for experiments A and B.

Experiment and year pH Auvailable N Olsen P Total C
Experiment A (CaCly) (kg/ha) (mg/kg) (%)
2001 5.1 56 3 1.2
2002 5.1 31 8 11
2003 5.0 20 7 13
Experiment B

Forage, 2002 5.4 41 4 1.2
Wheat, 2003 5.3 65 3 1.2

Table 2. Growing season rainfall (mm) (GSR) (April-November), total GSR and long term average
(LTA, 120 years) rainfall.

Apr May Jun Jul Aug Sep Oct Nov GSR LTA

total
Berrigan 2001 26.5 35 19.0 37.0 29.0 245 69.5 6.0 215.0 322
Berrigan 2002 38.0 135 225 11.0 225 26.5 8.5 4.0 146.5 321
Berrigan 2003 425 86.5 475 70.5 96.5 29.5 67.0 48.5 484.0 322

Results and brief discussion

Experiment A

In 2002 and 2003, there was less ryegrass (P<0.05) at crop emergence and at crop tillering with the late-
sown system (Table 3). Similarly, at crop anthesis, there was less (P<0.05) weed DM yield with the late-
sown system in 2001 and 2003 (Table 4) whilst only in 2002 was there a yield penalty (P<0.05) with the
late-sown system (Table 5).

At crop anthesis, weed DM yield was reduced (P<0.05) by sowing rate increases in 2002 and 2003 (Table 4)
but sowing rate had no effect on grain yield in any year (Table 5).

Table 3. Effect of establishment system on annual ryegrass density (plants/m?) at crop emergence and

crop tillering.
Year/ Ryegrass density at crop emergence Ryegrass density at crop tillering
Establishment Standard Late l.s.d. Standard Late l.s.d.
system
2001 60 238 51.8 228 168 69.6
2002 67 38 21.9 85 45 34.0
2003 331 80 425 187 97 28.1

Table 4. Effect of establishment

system and sowing rate on weed DM vyield (t/ha) at crop anthesis.

Year/ Establishment system Sowing rate (kg/ha)
Establishment Standard Late l.s.d. 60 100 150 l.s.d.
system

2001 13 0.8 0.21 11 11 1.0 0.25
2002 0.6 0.5 0.12 0.7 0.5 0.4 0.14
2003 2.4 1.3 0.60 24 15 1.6 0.74
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Table 5. Effect of establishment system and sowing rate on wheat grain yield (t/ha).

Year/ Establishment system Sowing rate (kg/ha)
Establishment Standard Late l.s.d. 60 100 150 l.s.d.
system

2001 0.4 0.4 0.12 0.4 0.4 0.4 0.10
2002 1.0 0.8 0.12 0.8 0.9 0.9 0.15
2003 15 14 0.30 1.4 14 15 0.37

Sowing later using a short-season cultivar provides an opportunity for producers to better manage a
competitive species such as annual ryegrass. However, sowing later does carry the risk of reduced grain
yield, particularly if the spring period is drier than usual, as yield is highly dependent on available moisture
during this period. In northeast Victoria, Coventry et al. (1993) found losses up to 250 kg/ha of grain for
each week’s delay in sowing after the beginning of May. Gomez-Macpherson and Richards (1995) also
showed a 1.3% decline in grain yield if sowing was delayed after late May at Wagga Wagga in southern
New South Wales. Increased sowing rates are used widely by organic producers to increase competition
against weeds and to allow for losses with post-sowing cultivation (Patriquin 1988). However, there was no
effect of increased sowing rate on wheat grain yield. It is likely that this was due to insufficient soil moisture
in the critical spring period and low available soil nitrogen.

Experiment B

Where forage was cut for silage and then grazed, grain yield was higher (P<0.05) than where forage was
only grazed or cut for silage, or where annual pasture was retained (Table 6). Green manuring resulted in the
second highest wheat grain yield (Table 6). There was more weed DM (P<0.05) in the wheat following
annual pasture (Table 6). There was more wheat DM yield (P<0.05) after forage had been green manured
compared to grazed annual pasture and grazed forage (Table 6).

Table 6. Forage composition and DM yield, weed biomass, and grain yield of wheat during the 2002-

2003 phase.
Treatment in 2002 2003
Wheat
Wheat DM yield Weed biomass Grain yield (t/ha)

(t/ha) (t/ha)
Forage green manured 145 0.5 45
Forage grazed 119 0.4 4.0
Forage cut for silage 12.2 05 3.7
Forage cut for silage and grazed 12.1 0.5 4.8
Annual pasture grazed 8.9 2.0 31
l.s.d. 2.31 0.50 0.68

Gross margin returns were calculated on the 2002-2003 phase. The silage and grazing treatment provided
the highest returns per hectare, followed by green manuring (Table 7). Whole farm analysis based on the
particular system used is required to more accurately gauge the relative profitability of forage treatments.

Table 7. Gross margins ($/ha) for the forage/wheat cropping sequence at Berrigan in 2002/2003.

Forage treatment /Gross margin Green Grazing Silage Silage & Annual
Manure Grazing Pasture
2002-2003
Cost of forage treatment in 2002 298 283 384 384 133
Income from forage in 2002 0 59 124 133 88
Cost of wheat crop in 2003 313 313 313 313 328
Income from wheat in 2003 1125 1000 925 1200 785
Total for 2002 - 2003 515 464 353 637 412
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Conclusions

Sowing later using a short-season wheat cultivar can provide organic producers with an option to manage
annual ryegrass prior to crop sowing. However, producers should be aware that sowing later in the southeast
Australian grain production zone does carry increased risk of reduced grain yield, especially if the spring is
dry. Using a forage crop to manage weeds prior to sowing a cereal crop provides producers with an
economical way of reducing the influence of weeds in the cereal crop. Given the limitations to managing
many weed species within the pasture phase, incorporating a forage crop that can be utilised by either
cutting silage or grazing or a combination of both to reduce weed seed banks prior to the cropping phase is a
valuable tool for organic cereal producers.
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Abstract

The Golden Apple Snail (GAS), Pomacea canaliculata (Lamarck), is a major pest of rice and other aquatic
crops in many Asian farms. Farmers’ first line of defense is to use non-specific chemicals for “instant” kill
of GAS, without considering its effect on their health, the environment, and non-target organisms. However,
some organic rice farmers in Japan, Korea, and the Philippines do not kill GAS but manage them as bio-
weeders in rice fields. We evaluated organic farmers’ innovation at the PhilRice Central Experimental
Station (CES) using large fields. Then we demonstrated GAS paddy-weeding effects in several farmers’
fields in the Philippines, during the 2003 and 2004 dry (DS) and wet seasons (WS). Our own experiences
and that of the farmers’ in the Philippines and Japan on the role of GAS in weed management, promotion of
organic rice farming, and lessons learned are discussed.

Introduction

Golden Apple Snail (GAS), Pomacea canaliculata (Lamarck) is a dreaded pest of the rice plant because of
its rapid and new invasions in Asia and North America. It is listed in the “100 World’s Worst Invasive Alien
Species” of the Global Invasive Species Group Database (ISSG, www.issg.org/database). In an attempt to
control GAS, pesticide misuse and abuse by farmers have caused serious economic, social, and
environmental impacts, biodiversity loss, and health hazards to rice farming communities (Rejesus et al.,
1988). Ten years after its introduction, the cumulative costs of GAS invasion were between US$425 million
and US$1.2 billion. However, some organic farmers in Japan, Korea, and the Philippines do not kill GAS
but employ them to feed on aquatic weeds in rice fields, thus saving expenses on herbicides (Okuma et al.,
1994; Wada et al., 2002). The benefit from using GAS as a biological weeding agent far exceeds that of
ducks or carps for paddy weeding (Yusa et al., 2003).

Methodology

We evaluated GAS as a bio-weeder at the PhilRice Central Experimental Station (CES) using two large
fields (each 0.25 ha). Then we demonstrated GAS’s paddy weeding effects on several farmers’ fields in the
Philippines provinces of Nueva Ecija, Aurora, and Negros Occidental during the 2003 and 2004 dry (DS)
and wet seasons (WS). We also provided insights on how to use resident (field) GAS populations for weed
control.

Rice variety IR64 was used at PhilRice CES in 2003 WS and DS, and rice hybrids Mestizo 1 and Mestizo 3
were used during the 2004 DS and WS, respectively. To produce healthy seedlings for paddy weeding by
GAS, a 400-m? area was used as a seedbed. Each seedbed was 2 m wide and 10 m long and was raised for
easy draining of water. Carbonized rice hull (CRH) was incorporated into the seedbed two days before
seeding. With saturated water level and no inorganic fertilizer, the seedlings’ leaves were erect and pale with
a hard culm, making it difficult for GAS to damage them.

In the 2003 and 2004 crops, a 0.5-ha field was divided into two plots. One plot was treated with
Niclosamide 250 EC (synthetic commercial molluscicide) to ensure that no GAS existed prior to
transplanting. In another plot, all GAS were spared. Both fields were prepared thoroughly and leveled well
to maintain shallow depth of water so that GAS could not damage the newly transplanted seedlings.
However, no herbicide was applied in either field. Seedlings 21 days old were transplanted at 20 x 20 cm
between hills and rows with 2 seedlings per hill. The area was kept saturated until it dried up slowly. Water
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was introduced to 2-cm depth at 6-8 days after transplanting or when weeds just emerged with 1-2 leaf
stage. By this time, rice plants would not be damaged because they already have hard culms, and GAS
would prefer to feed on young weeds.

Results and Discussion

The weed species in all demonstration plots were grasses (Echinochloa spp. and Leptochloa chinensis),
sedges (Cyperus spp. and Fimbrystylis milliacea), and broadleaves (Ludwigia octovalvis, and Sphenoclea
zeylanica). At the first demonstration of paddy weeding by GAS at PhilRice CES in DS 2003, higher weed
density was observed at 10 DAT in plot with GAS (Figure 1A). This was because re-entry of water after
transplanting was not done. Interestingly, after the introduction of water, weed densities at 30 and 45 DAT
from plots with GAS were lower than in plots without GAS. This implies that the release of water is an
important factor in paddy weeding. No water was added to the rice field for several days after transplanting.
Once the weeds had sprouted and grown to 1 cm, we released water into the field. Then GAS started to
come out from underground to look for food. Learning from the first demonstration, water release was timed
with the presence of sprouting weeds, so in WS 2003, higher weed density was recorded in plots without
GAS from 15 to 45 DAT (Figure 1B).

Similar patterns in weeding efficiency by GAS were observed during DS and WS 2004 (Figures 1C & 1D)
at PhilRice CES. Moreover, higher rice grain yield for 2003 and 2004 cropping seasons was recorded in
plots with GAS (Table 1).

Table 1. Rice grain yield at PhilRice-CES, Maligaya, Science City of Mufioz, Nueva Ecija,
Philippines, 2003-2004 cropping seasons.

Year / Season Variety Grain yield (t/ha) ¥

With GAS Without GAS
2003 DS IR 64 7.30 5.00
2003 WS IR 64 5.00 4.60
2004 DS Mestizo 1 7.65 6.26
2004 WS Mestizo 3 5.52 3.12

tAverage of 5 crop cut samples per field. Each crop cut sampling unit measured (2 x 5 m) 10 m2.

This technology was introduced to farmers in Nueva Ecija (Bantug), Aurora (Caraksacan), and Negros
Occidental (Lacaron) during the 2003-2004 DS and WS. Higher weed density was noted in plot without
GAS compared with plot with GAS in both cropping seasons, at Bantug and at Caraksacan during the 2004
WS. However, during the 2004 WS at Lacaron, weed density was very low due to flooding (Table 2).

With this technology, we are converting a pest to an ally by changing its behavior into a useful organism in
lowland irrigated transplanted rice systems. It is necessary to level the field well to control the movement of
GAS. Shallow water depth should be maintained to regulate the feeding damage of the GAS. The seedlings
should be sturdy and at 3-leaf stage (21 days). This technology strictly discourages farmers from collecting
GAS and putting them into their rice fields. In all demonstrations before transplanting, the average resident
GAS size was between 15 and 20 mm, with a GAS density of 2 m?. We recorded a maximum of 5.6%
missing hills in our first demonstration at PhilRice CES, but in all subsequent trials we recorded less than
1% missing hills.

This practice is not appropriate with direct-seeded rice where weeds sprout at the same time. It cannot be
done on upland environment where GAS are inside the soil, and in flood-prone areas where water depth is
difficult to control. This is the first report to demonstrate that paddy weeding by GAS is possible even in
tropical paddy fields.
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Table 2. Weed Density at Farmer’s Fields in Bantug, Science City of Mufioz, Nueva Ecija;
Caraksacan, Dingalan, Aurora; and Lacaron, Villadolid, Negros Occidental, Philippines, 2003-
2004 Cropping Seasons.

Year/ Village | Variety Weed density / 1.5 m? Rice grain Weed seed
yield weight
-1 -1
With GAS Without GAS (tha?) (tha?)
Season DAT DAT With |Withou| With |Withou
t t
15 30 45 60 15 30 45 60 |GAS| GAS [GAS| GAS
2003 DS| Bantug | Mestizo - 14 167 - - 167 | 146 - 9.3 7.7 - -
1
2003 DS| Bantug | Mestizo - 11 180 - - 180 | 106 - 8.75 | 7.18 - -
1
2004 Bantug | PSB Rc 0 0 0 0 0 73 37 39 |595| 59 0 0.53
WS 82
2004 Bantug PSB 0 0 0 0 0 0 2 3 |512| 49 0 0.5
WS Rc82
2004 Bantug PSB 0 0 0 0 [ 132 | 170 | 108 | 65 |7.21| 467 | 0 | 295
WS Rcl4
2004 Bantug PSB 2 0 0 0 58 | 100 | 59 | 36 |438| 408 | 0 | 0.83
WS Rc82
2004 Bantug PSB 0 0 0 0 0 27 26 | 37 |589| 487 | 0 | 2.08
WS Rc82
2004 Caraksaca| IR 64 0 0 0 0 0 16 22 10 | 83 | 6.6 - -
WS n
2004 Lacaron |[PSBRc-| 0 0 0 0 t t t t |35%| 2.9% - -
WS 10

(-) No available data. () Weeds not counted because of low density due to flooding, () Affected by rice tungro virus
disease.

Conclusions

GAS are a serious pest of rice and other aquatic crops if they are not properly managed. We found that GAS
as a bio-weeder is an ecologically sustainable and cost-saving technology and thus we documented it at
http://www.applesnail.net .
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Figure 1. Weed density from 10 to 60 days after transplanting, PhilRice-CES, 2003 (A-B)-2004 (C-D)
dry and wet seasons, respectively. (Weed density recorded thrice in 0.5 m2 quadrant per field on each
sampling date, and expressed as cumulative density in 1.5m2).
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Abstract

This study aimed to find out the odor and irrigation contamination by duck-rice farming systems and its
weed control, rice growth and yield under the system with hairy vetch cultivation. Rice yield was reached at
4.1t/ha in the plot of duck-rice + hairy vetch cultivation while the plot of duck-rice achieved only 3.9t/ha.
The nitrate nitrogen concentration in irrigated water ranged between 0.17 and 0.37ppm and did not show
much difference among the treatments until the end of June, but the maximum difference detected was in the
duck-rice plot in July, 0.11ppm, compared to the hairy plot and duck-rice + hairy vetch plot, 0.08ppm and
0.09ppm respectively. But the concentration of ammonium nitrogen at the end of July reached 4.07ppm in
the plot of duck-rice, but it was 2.83ppm in the plot of duck-rice + hairy vetch and 2.12ppm in the hairy
vetch plot respectively. The bio-mass of weed showed the lowest in the plot of duck rice + hairy vetch and
highest in hairy vetch plot among the treatments. The plot of duck-rice shows the water contamination in
terms of nitrate and ammonium nitrogen in the irrigation outlet and strong odor of duck dung even in the
neighbouring or surrounding field were detected due to high number of ducks introduced in the duck-rice
system, 300 ducklings/ha. Therefore, it is strongly recommended to reduce the number of ducks introduced
to the rice field. It was concluded that cultivation of hairy vetch in the duck-rice system is necessary because
it shows not only the positive environmental impact such as irrigation water and insect habitats, but also the
rice growth and yield.

Introduction/Problem

Duck-rice farming is the most popular farming system in Korea in terms of organic rice cultivation. But
hairy vetch cultivation is not yet widely implemented in duck-rice farming systems, although it is
recommended in organic farming. The aim of this study was to gather some basic data on the effect of green
manure cultivation on the natural enemy, weed bio-mass, mineral nitrogen contents of irrigation water, rice
growth and yield. And it was also focused on delivering the basic information about soil fertility of hairy
vetch cultivation in duck-rice system.

Methodology

The experimental design for the fertilization experiment (5 replicates) was;

- Control: No fertilization during the experiment

- Duck-rice plot: 300 ducking per ha were imported to rice paddy field

- Duck-rice + Hairy vetch: Hairy vetch cultivation as green manure prior to rice transplanting, and
rice was cultivated by same system as duck-rice plot

- Hairy vetch: Hairy vetch cultivation as green manure prior to rice transplanting, and rice was cultivated by
same system as control

Bio-mass of 5 weeds were measured and quality of irrigation water such as pH, EC, nitrate nitrogen,
ammonium nitrogen were also analyzed from June to August 2004. 5 natural enemies, 5 agricultural pests
and 5 insects were detected and rice yield and yield components were also analyzed after harvest.

The experiment was conducted in Hongdong, Hongseong, Chungnam / Korea which had a nation wide
reputation for duck-rice organic farming in the year 2004. Soil of experimental site was a clay acid soil,
Deokpyung-tong, which has pH value of 5.5 and were characterized with plant available P,Os 62mg/kg by
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Lancaster method, organic matter content of 1.4g/kg, SiO2 content of 114.8mg/kg and cations such as K,
Ca, Mg were 0.30, 2.28 and 1.05 Ex.cmol+/kg respectively. Cultivar of rice, Yonggeum #1, was
transplanted with rice transplanter on 30th May 2004 in paddy field with 40 days old seedlings. Hairy vetch,
Early Pod, was sowed on the 27th of September, 2003 and incorporated into the soil 2 weeks before rice
transplanting. Weed biomass, rice growth and yield were checked. Samples of water, soil and plants from
paddy fields were collected regularly and analyzed to determine the content of nitrate and ammonium by

Gas chromatography (HP 5890 Il Plus, ECD, DB-5, 0.25mmx30m, film thickness 0.25um). And the
intensity of odor was also checked in the experimental site and neighbouring or surrounding field.

Results and brief discussion

Weed bio-mass in the plots of duck-rice and duck-rice + hairy vetch were similar, but most effective among
the treatments while green manure plot with hairy vetch cultivation in the previous year was 3 times higher
weed bio-mass than those of duck-rice plot. The bio-mass of weed was the lowest in the plot of duck rice +
hairy vetch and the highest in hairy vetch plot among the treatments. Hairy vetch which has the C/N ratio of
12.4 and contains 40.0% of T-C, 3.2% of T-N, furthermore duck dung contains 40.2% of T-C, 2.5% of T-N.
Therefore duck-rice + hairy vetch treatment produce the highest numbers not only in plant height and stem
number, but also chlorophyll content throughout the vegetation period.

The number of pests, insects and natural enemies by cultivation of hairy vetch did not change; however, an
introduction of duck to the rice-paddy dramatically decreased the pests, insects and natural enemies. Rice
yield was reached at 4.1t/ha in the plot of duck-rice + hairy vetch cultivation while the plot of duck-rice
achieved only 3.9t/ha.

The nitrate nitrogen concentration in irrigated water ranged between 0.17 and 0.37ppm and did not show
much difference among the treatments until end of June, but the maximum difference detected was in the
duck-rice plot in July, 0.11ppm, compared to the hairy plot and duck-rice + hairy vetch plot, 0.08ppm and
0.09ppm respectively. The concentration of ammonium nitrogen at the end of July reached 4.07ppm in the
plot of duck-rice, but it was 2.83ppm in the plot of duck-rice + hairy vetch and 2.12ppm in the hairy vetch
plot respectively.

The plot of duck-rice displayed water contamination in terms of nitrate and ammonium nitrogen in the
irrigation outlet and a strong odor of duck dung even in the neighboring or surrounding field was detected
due to a high number of ducks introduced in the duck-rice system, 300 ducklings/ha.

Tab 1. Biomass of weed as affected by duck-rice and hairy vetch cultivation

Biomass of weed (g/m?)
[Treatments var'w;na(?icsh?éluim Cyperus amuricus | Echinochloa [Bidens tripartite, Persicaria hydropiper
g F) ’ Maxim. crus-gall L. L. L.
Duck-rice plot 0 0 15.6 0 0.5
Duck-rice +
Hairy vetch 0 0 103 0 0
Hairy vetch 10.3 2.2 11.2 3.0 1.0

Tab 2. Yield and yield component of rice as affected by duck-rice and hairy vetch cultivation

Treatments Grains / stem 1000 weight (g) Maturity (%) Yield (kg/ha)
Duck-rice plot 60,8 21.0 66.3 3905 (100.0)
Duck-rice + Hairy vetch 65.4 215 716 4030 (103.2)
Hairy vetch 67.6 21.6 69.1 4106 (105.1)
Control 59.8 21.1 52.3 3708 (94.8)
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Tab 3.Chemical characteristics of paddy field water as affected by duck-rice and hairy vetch

cultivation
5% June 2004 15" June 2004 25" June 2004
Treatments pH| EC | NOs-N | NH,-N | pH EC | NOs+N | NH,-N [pH| EC | NOsN | NH4-N
dsm™| mgt? | mge? dsm? | Mge* | mgt? dsm'| mgt? | Mgt-1
Duck-rice plot 7.3| 0.67 0.34 1.39 7.6 1.19 0.39 3.07 |[6.7| 0.67 0.29 3.38
Duck-rice + 7.3 0.67 0.35 111 7.5 1.09 0.42 264 (65| 0.65 0.19 3.06
Hairy vetch
Hairy vetch 7.3| 0.66 0.32 1.08 75 0.75 0.23 114 |6.5| 0.65 0.17 1.20
Control 7.2 051 0.30 0.78 7.5 0.72 0.37 127 |65 0.65 0.32 1.09

Tab 4. Growth and chlorophyll content of rice as affected by duck-rice and hairy vetch cultivation

15" June 6™ July 1% August
hPeIii;rLtt Stem tfelgxt Stem Chlorophyll |Plant height| ~ Stem Chlorophyll
(cm) number (cm) number (spad-502) (cm) number (spad-502)
Duck-rice plot 25.0 13.3 61.7 28.0 36.8 85.0 25.0 30.6
Duck-rice + Hairy vetch | 27.8 13.6 67.6 30.1 36.9 89.7 275 35.0
Hairy vetch 28.1 13.3 62.0 30.0 36.2 83.8 245 323
Control 229 9.0 58.3 20.3 32.2 79.0 18.0 35.3

Conclusions

It was concluded that hairy vetch cultivation was effective not only in maintaining soil fertility in duck-rice
farming systems, but also in obtaining a high number of natural enemies, plant growth and chlorophyll
content, in increasing rice yield and in improving yield components. But the ammonium concentrations were
increased in duck-rice and duck-rice + hairy vetch plots due to high numbers of ducklings introduction into
paddy fields. It was recommended to reduce the number of ducks in paddy fields to minimize the
contamination of irrigation water in terms of NO3-N and NH4-N and to minimize the strong odor in
neighboring or surrounding field.
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Abstract

Combinations of three different direct methods for controlling Vicia hirsuta (kainite application, flame
weeding and harrowing) were investigated in field experiments. They were based on different strategies at
early growth stages of V. hirsuta and standardised harrowing at late growth stages. The highest efficacy of
kainite application and flame weeding was achieved at the one leaf stage of V. hirsuta. Winter wheat
regeneration from damage caused by both kainite and thermal control was satisfactory when treatments were
applied at early growth stages (GS 23). Vicia hirsuta plants that survived kainite application or flame
weeding were successfully controlled by repeated harrowing at later crop growth stages; crop growth was
not affected. Seed production of V. hirsuta declined with increasing harrowing in all treatments; however the
strongest and most reliable reduction was achieved when flame weeding had been previously applied. All
combinations of direct measures reduced winter wheat grain-yield losses and enhanced thousand-grain
weight more efficiently than the use of a single method only. The highest wheat-grain yield was gained after
repeated harrowing (3 times) both with and without kainite application.

Introduction/Problem

Under organic farming conditions in Germany, hairy tare (Vicia hirsuta (L.) S. F. Gray) is a very common
weed, especially in low-competitive winter cereals. Heavy infestation with this climbing legume can cause
serious problems at harvest, resulting in reduced crop yield and product quality. Indirect control measures
are often not sufficient to suppress it efficiently (Eisele 1996). Results of former investigations (Lukashyk et
al. 2004) show that a single direct weed control using either kainite or flame weeding at early growth stages
was not sufficient to reduce seed production of V. hirsuta when the infestation level was high. Moreover, V.
hirsuta plants surviving the treatment were able to produce a higher amount of biomass and a larger number
of seeds. Consequently, there is also an urgent need to control V. hirsuta at later growth stages. During 2001
and 2003, the efficacy of single applications of the three measures kainite application, flame weeding and
harrowing were compared in field trials. The main aim of the investigations presented here was to test
combinations of the different direct methods to reduce V. hirsuta density in early crop growth stages
(kainite, flame weeding) and to control residual surviving V. hirsuta plants by harrowing in later growth
stages.

Methodology

A one-factorial field experiment combining kainite application, flame weeding and harrowing as control
measures was conducted in winter wheat with four replications and plot sizes of 1.5 x 9 m. The trial site was
located at the Organic Research Farm 'Wiesengut' in North-Rhine Westphalia, Germany (50°48°N, 7°17°0).
Kainite application and flame weeding were performed on the basis of former experiments in the years 2002
and 2003. The treatments with flame weeding (Reinert Company, A 311 HB, 3 burners SB 500/i) and
kainite (59 % NaCl, 17 % KCI and 16 % MgSO,, Kali & Salz GmbH 2002) were applied once at growth
stage (GS) 23 of winter wheat under dry weather conditions. The concentration of the kainite solution was
350 g L™ (230 kg kainite ha™ = 21 kg K ha™, 660 L ha™). Flame weeding was conducted at low speed (1.5
km h*, gas consumption 41 kg ha™) in order to ensure sufficient damage to the weeds. The crop ground
cover at GS 23 was relatively high at about 50-55 %. The spring-tine harrow (Einbdck) was applied at GS
32, 47 and 61 of the crop once, repeatedly and in combination with kainite or flame weeding, respectively.
Winter wheat was harrowed with soil contact at GS 32 and combed (10-15 cm above soil surface) at GS 47
and 61. Harrowing speed was 5 km h™ (speed limit of equipment). Hand-weeded control plots were used to
estimate the influence of V. hirsuta on grain yield. The parameters assessed were plant density and seed
production of V. hirsuta, crop ground cover, crop damage, and regeneration and yield of winter wheat.
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Results and brief discussion

The efficacy of the kainite application was substantially lower than that of the thermal weed control (42 and
88 %, respectively). This was probably due to the poor adhesion of the kainite solution. The optimal
application of kainite solution still requires further investigation. Growth stage of V. hirsuta at treatment
time strongly influenced the efficacy. The highest reduction of V. hirsuta plants was achieved at the one-leaf
stage of the weed, with an efficacy of 76 and 96 % after kainite application and flame weeding, respectively
(Figure 1). The higher kainite and thermal sensitivity of younger plants was also found in investigations of
Vasters & Remy (1914), Ascard (1994) and Leroux et al. (2001), which are in agreement with our results.
The younger plants are more susceptible, mainly due to thinner leaves, thinner layers of hairs and wax,
lower biomass and less well protected meristems compared with older plants (Lien et al. 1967, Parish 1990,
Vester 1990).

Efficacy (%)
. a
100
B 1leaf ab
O 2-4 leaves
80 T a 0 i
>4 leaves
60 7
b
40 7
20 7 c
0
kainite application flame weeding

Treatment

Figure 1: Efficacy of kainite application and flame weeding on density of V. hirsuta in winter wheat
(GS 23), 8 days after treatment. Weed density of control (no weed control) = 47 plants per m?,
Different letters within treatments indicate significant differences (Tukey test, a = 0.05).

Treated V. hirsuta plants with more than 4 leaves were able to regenerate even after complete desiccation of
the shoots. The ability of these damaged plants to regrow was likely due to a larger amount of assimilates in
the roots, higher water availability, and low competition by neighbouring plants.

Leaf area of winter wheat was reduced by 20 % and 60 % after kainite application and thermal weeding,
respectively. Wheat stands recovered rapidly from theses injuries. Three and 6 weeks after the application of
kainite and flame weeding, crop ground cover in the treated plots was not significantly different compared to
that of the untreated plots. These findings confirm the results of Ascard (1995). Monocots like winter wheat
with protected growing points that are located near the soil surface were able to reproduce shoots rapidly
after damage.

Two weeks after kainite application and flame weeding, a considerable number of V. hirsuta plants
germinated (average 16 plants per m?). Surviving and newly germinated V. hirsuta plants were successfully
controlled by single or repeated harrowing, which damaged the plants especially by breaking off branches or
pulling out the stems. The winter wheat was not affected by repeated harrowing.

Single harrowing at both GS 32 and GS 47 was also able to control V. hirsuta sufficiently. However, the
efficacy was lower than that of a combination of different direct control methods, because a high number of
entwining V. hirsuta plants were not reached by the tines. The winter wheat was sometimes injured by the
harrow, which frequently pressed down the crop stand.
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Both kainite application and flame weeding significantly reduced V. hirsuta biomass and seed production
(Figure 2). Weed seed production in plots treated with kainite was higher than in the plots treated with flame
weeding. This can be explained by the lower efficacy of the kainite application with respect to V. hirsuta
density compared with that of flame weeding (Figure 1). Seed production of V. hirsuta generally declined
with increasing harrowing intensity due to higher efficacy in reducing biomass, e.g., broken off branches of
V. hirsuta resulted in a decline in photosynthesis (Kemball et al. 1992). The severest decline of seed
production (95 %) compared to the untreated control was achieved by the highest intensity of combined
weed control (3 times harrowing + flame weeding) (Figure 2).
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Growth stage of winter wheat to application time

Figure 2: Relative increase of grain yield (winter wheat) and decrease of seed production (V. hirsuta)
after weed treatments at different crop growth stages in relation to untreated control.

In the present study, a high infestation of V. hirsuta in a low competitive winter wheat stand caused a high
reduction of grain yield in the absence of any direct control. Hand weeding of V. hirsuta reduced crop grain
yield losses by 49 % compared with the untreated control (Figure 2). All direct control methods resulted in
reduced yield loss and enhanced thousand-grain weight (data not shown). Grain yield losses declined with
increasing harrowing intensity.

The highest grain yield (33.3 dt ha™) in our experiment was achieved after kainite application combined
with repeated harrowing (3 times). This effect was caused by the successive reduction of weed biomass due
to harrowing. On the other hand, in plots previously treated by kainite this high grain yield could be the
result of the fertilising effect of kainite (21 kg K ha™) on the crop. The yield of the kainite + three times
harrowing treatment was significantly higher (55 %) than that of the untreated control and even 10 % higher
than in the hand-weeded control (not significant).

According to Wehsarg (1931), kainite can be used for both weed control and overhead potash fertilisation of
the crop. However, kainite broadcast for fertilisation purposes only (53.5 kg K ha-1) resulted in a reduction
of the crop yield due to enhanced growth of V. hirsuta (Lukashyk et al. 2004).
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Conclusions

Results show that a combination of different direct weed control methods (kainite application, flame
weeding and harrowing) can significantly increase the efficacy of controlling the density and seed
production of V. hirsuta when compared to the single or repeated use of single methods only. In early crop
growth stages, the effect of kainite application or flame weeding on V. hirsuta density is higher than that of
harrowing. However, in later crop growth stages, harrowing (combing) is much more effective in reducing
the number of surviving and newly emerged V. hirsuta plants than kainite application or flame weeding.
Nevertheless, three times harrowing/combing resulted in nearly the same grain yields and the same efficacy
in reducing weed seeds as when this treatment was combined with flaming or kainite application. Kainite
application as well as flame weeding is recommended for patches with high infestation of V. hirsuta in early
spring, whereas harrowing/combing can be used efficiently in later growth stages and on larger areas.
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Abstract

Based on a comprehensive description of a recently published Decision Support System (WECOF-DSS) for
weed management in organic winter wheat (http://www.wecof.uni-bonn.de), the potential of these tools for
application in organic crop production is discussed. WECOF-DSS offers site-specific recommendations on
cultivar choice, mechanical control, crop rotation and crop management for efficient weed control. Although
Decision Support Systems are neither able to replace the decision maker nor to reflect all possible site
conditions, the educational character of these tools is expected to result in an increasing use for specific
objectives, e.g. high quality cereal production, also in Organic Agriculture.

Introduction/Problem

Computer based Decision Support Systems (DSS) have gained increasing importance in the eighties of the
last century. Decision Support Systems are not targeted on replacing the decision maker but to help in
making choices by providing additional information, while the user is responsible for the choice and
implementation action (Harsh et al. 1989). Main requirements a DSS needs to fulfil include biological
accuracy, high quality of recommendation and ease of use (Wilkerson et al. 2002). Reducing herbicide use
by optimal timing of selected agents is one major application area of DSS’s in conventional agriculture (e.g.
Wiles et al. 1996, Renner et al. 1996). This curative approach, often based on sophisticated models on
interactions between weeds and crops as well as on the definition of thresholds, is neither wanted nor
feasible in Organic Agriculture (OA). Flexible short term responses to agronomic problems play a minor
role in organic cropping systems resulting in a restricted usability of classical decision tools. Knowledge
based Decision Support Systems however may help to improve weed management in organic crop
production by tailoring site specific control strategies. Concepts for a DSS for weed management in organic
cereals therefore need an approach that is targeted on preventive rather than on curative control methods
(Davies & Welsh 2002) taking spatial rather than temporary dynamics of weed populations into account.
The specific growing conditions in OA, in particular the rejection of herbicides and mineral nitrogen
fertilisers, have a direct impact on crop development and weed species composition resulting in a wide range
of possible growing conditions. Consequently weed management in organic cereal production requires
expertise not only in weed science but also in classical agronomy. This paper describes the development and
application of a DSS for weed management in organic winter wheat production and critically discusses the
potential of these tools for the future development of OA.

Methodology

User friendliness is a key element for a widespread adoption of any DSS. This requirement includes easy
technical management on the computer screen but also the exclusion of any primary deterrent such as labour
intensive investigations, e.g. weed scouting. In a first step the user has to fill in a questionnaire on site-
specific agronomic conditions including soil conditions, management factors and the expected weed species
abundance and composition. WECOF-DSS is not based on bioeconomic weed management models for
crops as described e.g. by Forcella et al. (1996) but on observations derived from our experiments and
expert knowledge. The scientific background is mainly based on classical agronomy combined with weed
science. The limited availability of direct control methods in OA entails the consequent use of all indirect
methods available, in particular the establishment of competitive crop stands by variety choice and seed
spacing. Verschwele & Niemann (1996) confirmed the potential use of wheat cultivar variation in weed
suppression and noted that shading capacity through crop cover and canopy height were highly correlated.
Our experiments have shown significant varietal differences in weed suppression of winter wheat and have
identified key crop features involved (Drews et al. 2002).
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Crop rotation design is another key element of any strategy for weed management (Stopes & Millington
1991) requiring specific attention in organic crop production. Further specifications on the fertility status of
the field are necessary in order to estimate the expected crop growth vigour.

Recommendations given by WECOF-DSS are mainly based on ‘if / then’ or ‘yes / no’ decisions. ‘If / then’
decisions define a set of conditions that will result in a specific recommendation. A key focal point is the
evaluation of the expected weed abundance based on the farmer's own experiences. Weed data input is
hierarchically categorised and compared with a decision matrix according to an if / then scenario. Expected
high infestation with defined problem weeds such as Wild Oat (Avena fatua) will result in the
recommendation to apply hoeing, whenever technical conditions allow. Corresponding conditions for
harrowing are defined as well. Further if / then decisions include the application of some optional weed
control measures. For example, the recommendation to delay sowing time is linked to some preconditions
including an expected heavy pressure of specific autumn emerging weeds and the possibility to delay
sowing without higher risks (Rasmussen 2004). Depending on the specific growing conditions a stale seed
bed preparation may alternatively be recommended as well.

Recommendations such as the improved application of slurry to avoid nitrophilous weed growth (Juroszek
et al. 2004) or the compulsory use of healthy seeds are based on yes / no decisions. Key elements of
strategies derived from WECOF-DSS including variety choice and mechanical control were compared with
individual farmer approaches in pilot trials on practical farms using a simple experimental design with 4
replications. Crop and weed development were regularly assessed and submitted to analysis of variance.
Based on the results of these experiments a partial validation of WECOF-DSS was possible.

Results and brief discussion

The technical structure of WECOF-DSS is designed in a way that allows interactive online operations of the
decision maker without any specific knowledge. By this procedure the user has permanent easy access to
updated versions via internet without downloading any specific software.

The DSS output includes recommendations on variety choice, crop establishment, mechanical control, crop
rotation, soil tillage and some additional site specific advices. Depending on the expected weed flora and the
soil fertility status, the selection of different leaf inclination types, i.e. either planophile or erectophile, is
recommended. Site specific variety choice combined with optimal seed spacing is expected to result in high
crop competition against weeds. A high soil fertility status may allow the use of a narrow sown erectophile
leaf inclination type known to be more productive compared to planophile growth types under conditions of
high nitrogen supply. In contrast a low fertility status of the soil will result in the recommendation to use a
planophile growth type known to intercept more light with a given leaf area index (Topp et al. 2004).

Facilitating hoeing as a presowing decision requires a minimum inter row spacing of 15-17cm in order to
avoid serious crop damages. The decision on whether to hoe or not depends on the expected weed species
composition and abundance. Hoeing has been shown to be essential for a range of weed species including
aggressive grasses such as blackgrass (Alopecurus myosuroides).

Weed harrowing is the classical method for mechanical weed control in organic cereals. WECOF-DSS
defines a list of conditions including the expected weed species abundance at specific growth stages and the
overall necessity to reduce weed pressure, e.g. for carrot growing, that will result in the recommendation to
harrow.

Rotation analysis is based on the ratio between different crop types (row crops, cereal crops, grass-clover
leys) and the sequence of the individual crops within the rotation with respect to weed management.
Warning functions inform the user of potential risks of a specific crop rotation.

Additional advices given by WECOF-DSS include recommendations with an option for farmers interested
in testing innovations, e.g. the use of allelopathically active crops such as buckwheat for couch grass control
(Golisz et al. 2004). In addition to various recommendations the DSS user has access to a wide range of
current knowledge on organic winter wheat production offering encyclopedic information on more than 70
weed species occurring in organic cereals. Information on biology include competitive ability, main
germination time, seed viability, seed production, vulnerable growth stages to mechanical control as well as
practical recommendations for efficient control. Further background information is given on seed quality
and field hygiene. Additionally online use of WECOF-DSS offers various links to interesting websites on
weed control.
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Weed control strategies derived from WECOF-DSS were compared with individual farmer approaches in a
series of pilot trials carried out in Poland, Spain, United Kingdom and Germany. As shown in Table 1 for
the German trials, the DSS derived strategy, consisting of the use of a competitive cultivar, resulted in 4 out
of 5 trials in a comparable level of weed infestation, although harrowing was omitted. The farmer approach
including additional harrowing (1-3 times) only once resulted in a temporary lower weed ground cover at
stem elongation (Pilot trial 2004 A) while not affecting final grain yield. Observed yield differences between
treatments were mainly due to the varietal impact.

Table 1: Effect of two weed control strategies (FA = farmer’s approach, DSS = WECOF-DSS
approach) on crop and weed development in 5 pilot trials, Germany 2003 and 2004, Tukey’s test (a<
0.05).

Parameter Pilot trial 2003 A | Pilot trial 2003 B | Pilot trial 2004 A | Pilot trial 2004 B | Pilot trial 2004 C

FA! DSS? FA3 DSs* FA® DSS® FA’ DSS® FA® | DSSY

Crop density EC 13 255a | 209b | 255 | 263 | 288 | 293 | 378 | 353 | 416 | 383
(N°m?)
Grain yield (t ha?) 69 | 76a | 58 6.3 6.1 6.2 7.0 6.1 2.9 32
Weed density EC 13 20 09 | 99b | 351a | 203 | 242 | 253 | 303 | 182 | 156
(N°m?)

Weed ground cover EC| 0.0 0.3 0.2 0.1 125b | 22.3a 9.5 9.3 2.3 2.4
25 - 31 (%)

Weed ground cover EC| 0.9 0.4 3.0 3.8 43 55 - - 7.3 9.8
51 - 83(%)

1=cv. Ludwig + harrowing, 2=cv. Pegassos, 3= cv. Greif, 4=cv. Pegassos, 5=Cv. Pegassos + harrowing, 6= cv. Pegassos 7
cv. Pegassos + harrowing, 8=cv. Okostar, 9 = cv. Ludwig, 10=cv. Pegassos.

Most of the pilot trials carried out during the project indicate that weed management in organic winter wheat
is often possible by using a site specific combination of indirect control methods only. Reduced reliance on
mechanical control is expected to increase farmers flexibility, while decreasing labour input and fuel
consumption.

Conclusions

First field validations of key elements of WECOF-DSS on pilot farms have shown that the adoption of
recommendations may have a beneficial effect on weed control in organic winter wheat production under
temperate climate conditions. Harrowing turned out to be dispensable in many cases without substantial
yield losses or an increase of weed pressure only by using a competitive variety. Further tests and
adjustments under practical conditions are currently being carried out. Feed back of users will help to
continually improve the tool. A weak point of WECOF-DSS consists in the inevitable fact that most
recommendations are based on the expected weed abundance before sowing that may turn out to be wrong.
However, most recommendations, in particular indirect control methods, generally have a positive impact on
weed control, independent of the actual weed pressure. Flexible intensification of mechanical control
decided and initiated by the farmer during crop growth has to keep weed pressure at a manageable level.
Extensive knowledge offered by WECOF-DSS, in particular on individual weed species is expected to
support the farmer in finding adequate solutions and underline the educational character of this type of tool
(Wilkerson et al. 2002). The proposed selection of competitive varieties however may cause a problem, if
corresponding genotypes are not available. For that purpose an integration of competitive ability into
breeding programmes is urgently needed. There is also some evidence that internet driven decision tools
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such as WECOF-DSS, although relatively cheap and easily accessible, will currently mainly be used in
western countries. The degree of acceptance by potential users will mainly depend on the ease of use and the
consistency and success of any recommendation given.

To conclude, computerised decision tools have a potential for wider use in organic crop production in at
least two ways. The main potential consist in designing tools for specific objectives such as high quality
cereal production or weed management in crops. Other tools may help farmers in selecting appropriate
varieties for specific conditions and objectives. The overall future development of Organic Agriculture, in
particular with respect to profitability and quality requirements, will determine, whether sophisticated
decision tools will gain increasing importance.

Acknowledgements

We thank the European Commission for having funded the WECOF-project (Strategies of Weed Control in
Organic Farming).

References

Davies DHK & Welsh JP (2002) Weed control in organic cereals and pulses. In: Younie D, Taylor BR,
Welsh JP, & Wilkinson JM (eds.). Organic Cereals & Pulses, pp. 77-114. Chalcombe Publications,
Lincoln.

Drews, S., D. Neuhoff, P. Juroszek & U. Kdpke (2002) Einfluss von Sortenwahl, Reihenweite und
Drillrichtung auf die Konkurrenzkraft von Winterweizen im Organischen Landbau. Zeitschrift fiir
Pflanzenkrankheiten und Pflanzenschutz, Journal of Plant Diseases and Protection Sonderheft XVIII,
(2002), ISSN 0938-9938, 527-532.

Forcella, F, King RP, Swintin SM, Buhler DB & JL Gunsolus (1996) Multi-year validation of a decision
support aid for integrated weed management in row crops. Weed Science 44, 650-661.

Golisz, A., Gawronski, S.W. & Gawronska, H., (2004) Allelopathic activity of buckwheat on quackgrass
growth and development. Advances of Agricultural Sciences, Problem Issue, 496, 315-324.

Harsh SB, Loyd JW & Borton LR (1989) Models as an aid to decision making. Acta Horticulturae, 248, 27-
48.

Juroszek, P., S. Drews, D. Neuhoff & U. Kdpke (2004) Effects of organic fertilisers on the development of
weeds and winter wheat. Zeitschrift fiir Pflanzenkrankheiten und Pflanzenschutz, Sonderheft X1X,
611-618.

Rasmussen 1A (2004) The effect of sowing date, stale seed bed preparation, row width and mechanical weed
control on weed and yield of organic winter wheat. Weed Research 44, 12-20

Renner KA, Swintin SM & Kells JJ (1999) Adaptation and evaluation of the WEEDSIM weed management
model for Michigan. Weed Science 47, 338-348.

Stopes C & Millington S (1991) Weed Control in Organic Farming Systems. Brighton Crop Protection
Conference — Weeds, 185-192.

Verschwele A & Niemann P (1996) Indirekte Unkrautbekampfung durch Sortenwahl bei Weizen. 8" EWRS
Symposium ‘Quantitative approaches in weed and herbicide research and their practical application’,
Braunschweig, 1993, 799-806.

Wiles LJ, King RP, Schweizer EE, Lybecker DW & Swinton SM (1996) GWM: General Weed
Management Model. Agricultural Systems 50, 355-376.

Wilkerson GG, Wiles LJ & Bennet AC (2002) Weed management decision models: pitfalls, perceptions and
possibilities of the economic threshold approach. Weed Science 50, 411-424.

page 126 ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005



WEED VEGETATION OF ORGANIC AND CONVENTIONAL DRYLAND CEREAL
FIELDS IN THE MEDITERRANEAN REGION

Romero, A, Chamorro, L., Sans, F.X.

Departament de Biologia Vegetal, Universitat de Barcelona. Avda. Diagonal 645, 08028, Barcelona, Spain.
E-mail, fsans@ub.edu

Key Words: Biodiversity, organic farming, conventional farming, comparison, conservation

Abstract

Weed abundance, species richness and diversity in conventional and organic dryland cereal fields in
Catalonia (NE of Iberian Peninsula) were compared to assess the effect of intensification on the floristic
composition and structure of weed vegetation and to evaluate the role of organic farming in preventing the
continued loss of biodiversity caused by intensive farming practices. Between 1 and 3 closely paired fields
(blocks) were selected at 10 agricultural sites. Each pair contained one long-established organic farm and
one conventional farm. Weed abundance, taking into account the spatial pattern, was surveyed in spring
2003 and 2004 by means of a relative abundance index for each species, ranking from one to six. Results
show that abundance, species richness and diversity were higher in organic than conventional fields. Low
tolerance to herbicides and the dense crop swards of conventional fields may explain the lower abundance of
broad-leaved weeds, while the increase in legumes in organic fields may be related to the absence of
chemical fertilization. Species richness was higher at the crop edges than mid-field in both organic and
conventional fields, whereas weed abundance was higher at field margins than mid-field in conventional
fields.

Introduction

The intensification and expansion of modern agriculture is among the greatest current threats to worldwide
biodiversity. Over recent decades, a dramatic decline in both range and abundance of many species
associated with farmland has been reported in northern and central Europe, leading to growing concern over
the sustainability of current intensive farming practices (Hole et al., 2005). In this sense, several studies
have recorded higher weed abundance and species richness in cereal fields under organic management
(Moreby et al., 1994; Andreasen et al., 1996; Hald, 1999; Rydberg & Milberg, 2000; van Elsen, 2000;
Hyvonen et al., 2003). Thus, organic farming is now considered a potential solution to this continued loss of
biodiversity (Albrecht, 2003; van Elsen, 2000).

Comparison studies between conventional and organic cereal fields reveal that differences are greater for
broad-leaved weed species than grasses, which tend to show less variation between organic and
conventional fields (Hald, 1999; Moreby et al., 1994). In several studies, fields under organic management
contain considerably more rare and/or declining species. In contrast, several generalist species are more
prominent in conventional fields and are now considered to be serious agricultural pests (Hyvonen et al.,
2003; Rydberg & Milberg, 2000). Weed abundance is higher at field margins than mid-field under both
organic and conventional systems, although the differences are generally more pronounced in conventional
fields (Albrecht, 2003; Hald, 1999; Wilson & Aebischer, 1995).

This paper deals with the impact on biodiversity of organic farming as compared to conventional
agriculture, through a study of the two systems in the Mediterranean area, in order to determine whether
organic agriculture can contribute to maintaining biodiversity.

Methodology

The weed vegetation of organic and conventional farms at 10 agricultural sites in Catalonia (NE Iberian
Peninsula) was analysed to evaluate the effect of agricultural practices on the floristic composition and
structure of weed vegetation. Between 1 and 3 closely paired cereal fields (blocks) were selected at each
site. Fields within each area were sown with the same crop, wheat or barley, and the sowing date was also
similar for the various fields. The size, shape and slope of the fields were also similar.

Five transects, 15 m in length and more than 20 m apart, were randomly established perpendicular to the
perimeter of each field. Four 1 x 1 m plots 5 m from the crop edge were established to estimate species
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richness and abundance. The floristic composition and the abundance of each species in each plot was
estimated in spring 2003 and 2004 by means of a relative weed cover index for each species, ranking from
one to six.

The split-plot model (Potvin, 1993), with agricultural site and management as the main factors and the block
as the split-plot factor, was used to analyze the influence of agricultural site and management on species
richness, abundance and diversity in 2004. Because only one pair of fields within each agricultural area was
sampled in 2003, an analysis of variance with agricultural site and management type as main factors was
used. Data were transformed where necessary to achieve normality and homoscedasticity of residuals.
Analyses were carried out using the SPSS Statistical Package (2002).

Results and brief discussion

The analysis of variance shows that relative weed cover, species richness and Shannon diversity index (H”)
(Magurran, 1989) were significantly higher in organic than in conventional farms in 2004 (Tables 1 and 2).
Only abundance and species richness were significantly higher in organic than in conventional fields in
2003. Interaction between management and site in both years was related to slight differences in relative
weed cover, species richness and diversity between organic and conventional fields at some sites. Higher
species richness and abundance in organic versus conventional cereal crops was also recorded by Hyvonen
et al. (2003), Hyvonen & Salonen (2002), Menalled et al. (2001), van Elsen (2000), Hald (1999) and
Moreby et al. (1994).

Table 1. Mean (+ standard error) of relative weed cover, species richness and diversity per transect in
organic and conventional dryland cereal fields in 2003 and 2004.

Year Management Relative weed cover (%) Species richness Diversity (H

2003 Conventional 26.62 + 3.74 1120+ 1.12 2.76£0.16
Organic 78.35 % 4.40 19.87 £1.28 3.13+£0.02

2004 Conventional 18.98 + 1.40 11.16 +0.67 2.32+0.10
Organic 7329 5.48 22.49+0.84 3.25+0.03

Table 2. Relative weed cover, species richness and diversity comparison between conventional and
organic dryland cereal fields. Asterisks indicate significant differences, p <0.05.

Relative weed cover (%) Species richness Diversity (H*)
Year Factor F P F P F P
2003
Site (S) 1.04 0.484 1.08 0.467 2.66 0.153
Management (M) 22.48 0.005* 7.98 0.037* 1.64 0.256
SxM 6.58 < 0.001* 6.65 < 0.001* 495 0.001*
2004
Site (S) 0.45 0.820 0.54 0.767 0.55 0.757
Block (S) 1.76 0.236 1.62 0.269 144 0.319
Management (M) 7.14 0.037* 15.53 0.012* 6.63 0.042*
SxM 33.96 < 0.001* 9.05 0.005* 9.05 0.005*
Block (S) x M 1.67 0.122 2.82 0.010* 196 0.067

Significant differences in floristic composition were detected between organic and conventional fields.
While Medicago polymorpha, Medicago lupulina and Cirsium arvense were plentiful in organic fields, the
prevalence of Avena sterilis, Galium aparine and Bromus diandrus were higher in conventional than organic
fields. Note that Rapistrum rugosum only appeared in organic fields (Table 3).

The abundance of weeds characteristic of dryland cereal fields was higher in organic than in conventional
fields (Table 4). The number of rare species is a good indicator of agroecosystem conservation and
biodiversity (Albrecht, 2003). The abundance of broad-leaved species and legumes was also higher in
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organic than in conventional fields (Table 4). Greater abundance of broad-leaved species is consistent with
the findings of Hald (1999), Hyvonen et al. (2003), Moreby et al. (1994) and Rydberg & Milberg (2000),
suggesting that broad-leaved species are less able to tolerate the intensive weed control measures and denser
crop swards of herbicide-treated, fertilised, conventional arable fields. Van Elsen (2000) indicates that the
increase of legume species can be related to the absence of chemical fertilization.

Table 3. Relative cover of the weed community and the major species in conventional and organic
dryland cereal fields. R; and R, are mean + standard error relative cover in conventional and
organic fields respectively, and Rk, and Rk, are species ranks in terms of relative importance
assessed as relative cover in conventional and organic fields respectively.

Organic Conventional

RC, Rk, RC. Rk
Weed community 74.76 £12.22 21.23 +3.60
Papaver rhoeas L. 11.70 £ 3.77 1 2.29+0.98 2
Lolium rigidum L. 11.61 +£3.59 2 5.03 +1.42 1
Polygonum aviculare L. 8.67+3.24 3 1.14£0.42 5
Medicago polymorpha L. 4.60+2.92 4 0.15+0.13 30
Convolvulus arvensis L. 3.51+1.64 5 1.38+0.91 3
Cirsium arvense L. 3.26+1.87 6 0.45+0.25 9
Avena sterilis L. 1.98+£0.76 7 1.30 +0.65 4
Medicago lupulina L. 1.89+0.87 8 0.06 + 0.05 48
Lepidium draba L. 137+1.19 9 0.07 £0.07 44
Linaria spuria (L.) Mill. 1.28 +0.56 10 0.19 £ 0.09 24
Rapistrum rugosum (L.) All. 1.15+1.04 11 -
Polygonum convolvulus L. 1.02 +0.53 15 0.08 + 0.04 10
Anacyclus clavatus (Desf.) Pers. 1.00 £ 0.61 16 0.12+0.08 7
Galium aparine L. 0.47 £0.38 29 0.16 + 0.09 6
Bromus diandrus Roth 0.30 £0.18 35 0.10 £0.04 8

Table 4. Importance of different functional groups, assessed as percentage of weed species and
abundance, in conventional and organic dryland cereal fields. Data are mean + standard error.

Organic Conventional

Species number Relative cover Species number Relative cover
Broad-leaved species (%) 85.56 + 1.36 80.55 +4.23 76.68 £3.39  60.29 +6.08
Grass species (%) 1444 +1.36 19.45+4.23 2312 £3.39 39.71 +£6.08
Characteristic species (%) 16.56 + 1.96 37.00 + 4.45 17.21+2.18  26.11+5.06
Legume species (%) 9.41+1.57 9.40 £2.72 6.42+1.71 242+1.14

The pattern of spatial distribution shows that a high proportion of weeds colonize crop edges in conventional
fields, whereas more even spatial distribution occurs in organic fields (Figure 1). In contrast, species
richness was higher at the crop edges than mid-field in both organic and conventional fields. Hald (1999)
indicates that significantly higher weed abundance occurs at crop edges than in main crops in both
conventional and organic cereal crops, but species richness is only higher at crop edges in conventional
cereal crops. Lower tillage intensity in organic cereal crops, and uneven herbicide distribution in
conventional cereal crops, cause different environmental conditions at the crop edges favouring germination
and establishment of species from boundaries, and rare weeds (Dutoit et al., 1999).
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Figure 1. Weed abundance, assessed as mean relative weed cover, (right) and mean species richness
(left) related to distance from the crop edge. Columns represent field means and error standard.
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Abstract

Studies have been carried out the last four years to search for improved mass trapping systems for the
control of olive fruit fly in olive groves in Chania, Crete (Greece). Trapping materials, which include
various food and sex attractants and different types of traps (liquid and paper traps), were tested for their
attractiveness and effectiveness in field trials.

Among the tested attractants (Entomella 50 (E50), Entomella 75 (E75), Dacus bait 100 (Db100),
Ammonium sulphate (As) and Sex pheromone (Sp)), the hydrolyzed protein ‘Db100’ showed the highest
attractiveness regardless of the ‘Sp’. Among the tested traps (Daidalos, Elcofon, Zervas, Agrisense &
Ecotrap), Daidalos captured significantly more flies than the other traps.

When the traps were tested in mass trapping conditions, no statistical differences were observed among the
tested traps (chemical control was applied when was necessary) , but all were different from the reference
product (classical chemical control).

In addition, when Spinosad, a novel natural compound derived from fermentation of the bacterium
Saccharopolyspora spinosa, was applied as complementary sprays in the Mass trapping field, it also
provided comparable and significant control for B. oleae (Gmel.) in comparison to the classical control.

Introduction/Problem

The control of the olive fly, B. oleae (Gmel.) is based today on the use of organophosphorus insecticides
either as bait or cover ground sprays, the extensive use of which has ecological and toxicological
consequences for the olive agroecosystem.

Under the philosophy of pest control, the development of non-polluting trapping systems for olive fly has
been pursued. For mass trapping, color (Economopoulos, 1979), sex attractants (Haniotakis et al., 1983),
color combined with ammonia- releasing sources (Delrio, 1981) and sex attractants combined with color and
ammonia-releasing sources (Broumas et al., 1983) have been tested for the development of an effective and
specific trap. The combination of sex, food and color attractants in the same trap is the most promising for
control purposes (Delrio, 1981). In unisolated groves and in areas where the fly develops high population
densities, this method provides inadequate protection, and complementary bait sprays are needed to keep the
fly population and the fruit infestation at low levels (Mazomenos et al, 2002). Thus, alternative pesticides
that are environmental friendly, such Spinosad (Vergoulas P.V. et al 2004b), are needed to replace the
chemicals in organic agriculture.

Success, the commercial name of Spinosad, is an insect control product derived from a biological source
that combines effectiveness and reduced risk to the environment (Bret B.L. et al, 1997). It is of low risk to
bees, has very low vertebrate toxicity, and will be soon listed in Annex 1.

In this paper we report the results obtained from the evaluation of the mass trapping method, which includes
food and sex attractants, different types of traps and new products, with the goal of developing an
environmentally safe method of pest control.

Methodology
Trapping materials and systems were tested for improvement concerning their attractiveness and efficiency.
1. Evaluation of effectiveness of food and sex attractants in McPhail traps

The effectiveness of various food and sex attractants was tested in McPhail traps in three replications.
Hydrolyzed proteins such as ‘E50’, ‘E75’, ‘Db100’ and “As’ in 2 % formulation were tested alone or in
combinations with ‘Sp’ for the olive fruit fly. The trap solution was changed once a week.
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11. Evaluation of attractiveness of traps

Three liquid traps, Daidalos (Daida: a plastic one similar to McPhail), Zerva (Zerva: a plastic transparent
bottle of 1.5 | capacity with four holes around the top) and Elcofon (Elco: with two holes around the top)
were tested for their effectiveness and attractiveness compared to the reference trap (McPhail with 2% of
*As’) in 6 replications. The filling solutions, ‘As’ and the ome recommended (M) by each trap company,
were changed every second (1) (as well as McPhail) or seventh week (2).

The experimental design of the semi-field experiments | &1l was a completely randomized block. The
captured adults were counted and extracted once a week. In addition, the position of the traps was rotated
one position at a time.

111. Evaluation of effectiveness of mass trapping combined with chemical control

In Chania olive groves (cv Koroneiki), two liquid (Daidalos & Elcofon) and paper (Ecotrap & Agrisense)
traps were evaluated for their effectiveness in mass trapping conditions (180traps/ha). As far as the paper
traps are concerned, they consist of a bag or carton that carries a food (ammonium bicarbonate) and sex
attractant, and are dipped into an insecticide.

The population was recorded once a week with a network of 12 McPhail traps that was established inside
the test area (each plot had about 4000 trees); olive fruit sampling was done twice a month to determine the
live and total olive fruit infestation.

1V. Evaluation of mass trapping combined with friendly products

Mass trapping (Daidalos) combined with complementary Spinosad sprays was applied in an isolated organic
olive grove (each plot had about 3000 trees). The methodology that was followed was the same as in field
experiment I11.

Results and brief discussion
1. Evaluation of effectiveness of food and sex attractants in McPhail traps

Our studies showed that ‘Db100’ captured significantly more olive fruit flies than the other treatments (Fig.
1). Zervas (1982) also recorded the high attractiveness of ‘Db100’ in contrast to the low attractiveness of
‘As’ in transparent plastic bottles of 1.5 I. Among the food-based attractants, protein-hydrolysates are highly
attractive to a variety of fruit flies (Steiner et al., 1961), especially female Dacinae (Metcalf, 1990). Fruit fly
pheromones have had limited success (Landolt & Averill, 1999) since their action is not understood
completely (Kuba, 1991).

ol

As+Sp E75+Sp E50+Sp ES0 Db100+Sp  Db100
Food and sex attractants

Mean number of captures / McPhail/neek
(=]
L

Figure 2. Mean number of captured adults per trap per week for each attractant or combination.
Bars by the same letter (s) are not significantly different at P<0.05

11. Evaluation of attractiveness of traps
Thr Daidalos trap captured more flies regardless of the attractant solution and its renewing time (Fig. 2).
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Figure 3. Mean number of captured adults per trap per week with two different food attractants. Bars
by the same letter (s) are not significantly different at P<0.05

111. Evaluation of effectiveness of mass trapping combined with chemical control

However, with mass trapping, no differences were observed in recorded populations among trap plots but
there were a statistical difference in the populations in the plot of the reference product. In 2001, the
recorded population of B. oleae in the reference plot was about three times higher and next year two times
higher than in the other plots (Table 1). The number of bait spray applications was two more in both years.
Both live and total infestation was low in all treatments. Similar results were found in recorded populations
when other trapping systems (plywood rectangles, etc) were used; the combination of sex and food
attractants on a highly effective trap is desirable for mass trapping purposes (Haniotakis et al, 1986).

Table 4. Mean number of captured adults of B. oleae per trap per week in the test and control areas.
Means followed by the same letter (s) are not significantly different at P<0.05

Daidalos Ecotrap Fenthion Elcofon Agrisense
2001 13,58+2,58a 10,07+1,87a 33,67+6,25b
2002 13,71+2,73ab 10,12+1,99a 24,50+5,48b 11,72+2,77a 11,19+2,11a

Our findings are in agreement with those reporting that in isolated olive groves or in regions where the fly
develops low populations per year, the method is effective by itself, while in regions where the fly develops
a high population density at least one insecticide treatment is necessary to keep the fruit infestation low
(Broumas et al., 1983). In Cretan experimental regions, the olive fruit fly develops high population density
(mild climate conditions), so the trapping systems provides inadequate protection and bait spray applications
are necessary to keep the olive fruit fly population and infestation within acceptable bounds.

1V. Evaluation of Mass trapping combined with friendly products

There was a significant difference in captures in the monitoring traps among the treated areas with Spinosad
and the reference product (Table 2). The number of bait sprays was almost the same in both the treated areas
of mass trapping with Spinosad. In all cases the mean percentage of olives attacked by B. oleae was low
and not significant. It should be noted that the cost of olive protection is reduced as it is not necessary to
spray all the trees, only every second or fourth tree.

Table 5. Mean number of captured adults of B. oleae per trap per week in the test and control areas.
Means followed by the same letter (s) are not significantly different at P<0.05.

Fenthion (0.61t/hl per tree) Spinosad (4lIt/hl per 2™ tree) Spinosad (8t/hl per 4™ tree)

22,39+3,81b 4,76+1,171a

5,08+1,18a
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Its low risk to beneficial Coccinelidae predators and Hymenopterous parasitoids has been recorded
(Vergoulas P.V. et al 2004a), as well as its great selectivity to the pest (Vargas, 2003), Sprays with Spinosad
against sterile Mediterranean and Caribbean flies provided significant control comparable to standard
malathion applications (Burns et al., 2001).

Conclusions

Nowadays the use of alternative methods of chemical control is inevitable. Emphasis is given to newer
methods, which should not only be specific and effective but also impose little disturbance on the
agroecosystem. The most appropriate method should be based on a combination of a trap and an attractant,
combining high efficiency, long life, ease of application, low cost and low labour requirements. The idea of
mass trapping is to place a sufficient number of traps in an olive grove and achieve a satisfactory level of
control through reduction of olive fruit fly populations, the number of bait spray applications, and the
percentage of live infestation.

Although the level of crop protection in olive groves varied depending on a number of parameters (degree of
isolation, density of pest population, fruit load of the trees, irrigation, etc.), the application of mass trapping
as a preventative method solves many problems when it is applied early in the summer and for many years.
In organic olive groves and especially in regions of high population densities, the use of environmentally
friendly and effective compounds in complementary bait sprays is necessary.

Spinosad as GF-120 has a good chance of being granted organic status in EU countries because it is of very
low concentration and therefore does not get the N symbol. Spinosad has already been listed as approved for
use in organic agriculture in a few jurisdictions by various certifying or listing bodies of several countries
such as Australia, Canada, Egypt, New Zealand, Spain, the US and others, and recently got oral approval in
Greece.
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Abstract

Peat mining destroys valuable nature areas and contributes to the greenhouse effect. This warrants the search
for alternatives for peat in potting mixes. Composted biowaste could provide such an alternative. An
additional advantage of (partially) replacing peat by compost is the increased disease suppressiveness. In
this study, nine commercial composted biowastes were tested for disease suppressiveness using the
pathosystems Pythium ultimum-cucumber, Phytophthora cinnamomi-lupin and Rhizoctonia solani-carrot.
Increased disease suppression was found in compost-amended potting mixes for all three pathosystems. The
level of disease suppression ranged from slight stimulation of disease to strong suppression. Suppressiveness
against one disease was not well correlated with that against the other diseases. The CO, production, a
measure of general microbial activity, was the parameter most strongly correlated with the level of disease
suppression.

Wetsieving the biowaste with tap water over a 4-mm sieve prior to composting yielded a compost with an
2.4-fold increase in organic matter and a twofold decrease in EC and Cl'-concentration of the compost. The
latter reductions allow for an increase of the amount of peat that can be replaced by compost. A linear
relation was found between the amount of compost added to the potting mix and the level of disease
suppression indicating the potential for increasing disease suppressiveness of potting mixes by replacing
peat by high-quality composted biowastes.

Introduction

Peat is the most important ingredient in most potting mixes. Peat-based potting mixes are used, also by
organic growers, to raise seedlings and to grow various ornamentals and herbs that are sold in pots. High-
quality peat is stable, free of plant pathogens and weeds, and combines a high water holding capacity with a
high porosity. However, there are also negative aspects associated with the use of peat in potting mixes. Peat
is harvested from peat bogs that are valuable nature areas. Harvesting of the peat destroys these areas and
also starts the oxidation of the peat thus contributing to the greenhouse effect. Further, peat is a very stable
type of organic matter that does not support much microbial activity (Hoitink and Boehm, 1999). As a
consequence, disease suppressiveness of peat-based potting mixes is low which can result in considerable
losses by soilborne plant diseases.

The drawbacks of the ample use of peat in potting mixes give rise to the wish to replace part or all of the
peat by other organic materials. This wish is strongest for organic potting mixes as peat harvesting is often
regarded as being in conflict with the sustainability claim of organic production and because effective means
to manage soilborne plant pathogens are scarce or lacking in the absence of synthetic fungicides. One
candidate material to replace peat is composted biowaste. Biowaste is the collective term used here for
different organic waste streams including separately collected organic household waste, green waste and
crop residues. In the Netherlands, municipalities are legally obliged to collect organic household waste to
prevent that valuable organic matter from being incinerated. Instead, the waste is applied to soils. Some of
the composted biowastes have the disadvantage that their composition is rather variable throughout the year
and that organic matter levels are low while salt levels are relatively high. The latter limits the percentage of
composted biowaste that can replace peat to about 20 volume percent. In this paper we provide information
about the disease suppressiveness of compost-amended potting mixes and about a method, first proposed by
Veeken et al. (2004), to increase the quality of composted biowaste.
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Methodology

To study the variation in disease suppressiveness among commercial composted biowastes, a series of 9
composts was collected from different commercial composting facilities in the Netherlands. The composts
were tested for diseases suppressiveness in bioassays within 1-2 weeks after delivery and again after an
extra maturation period of several months. In the bioassays, disease suppression in non-amended peat mixes
was compared to that in peat mixes with 20 vol.-% compost. Bioassays were performed in the greenhouse at
20°C with three different pathogen-host plant combinations: Pythium ultimum-cucumber, Phytophthora
cinnamomi-lupin and Rhizoctonia solani-carrot. These pathogens occur commonly in all kinds of crops,
especially in potted plants. For the P. ultimum and P. cinnamomi bioassays, a randomized complete block
design with five replicates was used. Each potting mix was tested at a low and a high infestation level or left
uninfested. The low and high infestation levels were obtained by thoroughly mixing 0.03% and 0.3% (for P.
ultimum) or 0.05% and 0.5% (for P. cinnamomi) respectively of soil-meal culture through the potting mixes.
Five 500-ml pots were filled for each treatment combination and seven seeds per pot were sown of
cucumber (Cucumis sativus cv. Chinese Slangen) or lupin (Lupinus angustifolius cv. Borsaja) for the P.
ultimum and P. cinnamomi bioassays, respectively. The seeds were externally disinfested for 1 min in 1%
sodium hypochlorite followed by thorough rinsing with tap water. Plants were regularly rated for disease
symptoms and final evaluations were made after 14 days. To be able to compare levels of disease
suppressiveness of composts tested in different bioassays, the disease intensity of the compost-amended
potting mixes was related to that of the non-amended control mixture that was included in all bioassays. The
percentage of disease suppressiveness (DS) was calculated as:

DS = {(DlMco - DIMCi) / DlMco} x 100%
with: Dlmco, disease intensity in the non-amended control mixture, calculated as:

(# healthy plants in the non-infested MCO) - (# healthy plants in the infested MCOQ)) / (# healthy plants in
the non-infested MCO0), and

Dlwci, disease intensity in the compost-amended mixture, calculated as:

(# healthy plants in the non-infested MCi) - (# healthy plants in the infested MCi)) / (# healthy plants in the
non-infested MCi)

To account for variation in disease intensity among bioassays, data of the infestation level that resulted in
DIMCO values between 0.75-0.95 was used to calculate the percentage of disease suppressiveness. For the
R. solani bioassay, five seed trays (35 x 22 x 5.5 cm) per potting mixture were filled. In each tray, two rows
of carrots (Daucus carotus cv. Amsterdamse Bak), with 13 groups of 10-15 plants per row, were sown. The
sowing distance was 2.5 cm in the rows and 15 cm between the rows. After emergence of the carrot
seedlings, a PDA-plug colonised by R. solani was placed against the base of the carrot plants of the first
group in each row. The trays were randomly arranged in five blocks (one tray per treatment per block) on
greenhouse tables with a plastic tent to ensure high air humidity. After inoculation, the distance (cm)
colonised by the pathogen, scored as the distance over which carrot seedlings were attacked, was observed
two times a week. The final evaluations were made when the pathogen had reached the last group of carrot
seedlings in one of the trays. The percentage disease suppressiveness was calculated as: 100% — 100% x
(disease spread in MCi) / (disease spread in MCO).

The composts and the potting mixes were characterised by determining general microbial activity, microbial
biomass carbon, pH, EC, dissolved organic carbon and plant nutrients. General microbial activity was
assessed by quantifying CO,-production with an automated system in which a continuous air flow of 65
ml/min was led over 30.0 g fresh wt of compost or potting mix in glass tubes incubated at 20°C for 24 h. The
CO,-concentration in this air stream was measured by means of a computer-controlled switching device and
an infrared CO,-analyser (ADC 7000, Analytical Development Corporation, Hoddesdon, UK) which
allowed hourly measurements. Basal respiration was expressed as g CO,/g dw/h and determined in
duplicate for all compost and potting mix samples. Microbial biomass in compost and potting mix samples
was determined for duplicate samples with the fumigation-extraction procedure as described by Joergensen
(1995). Ten gram dry weight equivalent of compost or potting mixture was extracted with 200 ml 0.5M
K2S04 and stored at -20°C until determination of the organic carbon by ultraviolet persulphate oxidation
(Joergensen, 1995).

In an attempt to improve the horticultural quality of composted biowastes we pre-treated four batches of
commercial biowastes before composting in a composting reactor. The pre-treatment consisted of washing
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the biowaste over a 4-mm screen with tap water until the run-through water was clear, to remove mineral
particles and salts. The wet-sieved biowastes were composted for 3 weeks under standard conditions to yield
stable composts. The disease suppressiveness of the composts was tested in bioassays with Pythium ultimum
and cucumber, comparing a non-amended control with peat mixes amended with 20, 40 or 60% composted
wet-sieved biowaste.

Results and brief discussion

The results of the bioassays with the three pathogens are summarised in Figure 1. Most peat mixes amended
with a commercial composted biowaste showed much less disease than the non-amended control mixes,
proving that these composts have the potential to provide significant disease suppression. Significant disease
suppression was found for all pathogen-host combinations and varied from slight stimulation of disease to
strong suppression. However, suppressiveness against one disease did not correlatewell with that against the
other diseases. This pathogen specificity was also found by other authors for various types of compost
(Lumsden et al., 1983; Hoitink and Boehm, 1999; Ryckeboer, 2001). The effect of an additional maturation
period on disease suppressiveness was inconsistent.

Pythium ultimum

H young
B old

% disease
suppression

1 2 3 456 7 8 9
compost

Phytophthora cinnamomi

100 | young
80 Dold

% disease
suppression
N
o

1 2 3 4 5 6 7 8 9
compost

Rhizoctonia solani

W young
D old

% disease
suppression

1 2 3 45 6 7 89
compost

Figure 1. Percentage of disease suppression of nine commercial composted biowastes tested shortly
after the end of the composting process (young) and after an additional 4-5-month maturation
period (old).

Regression analyses showed that general microbial activity of the potting mix, measured as CO, production,

was the parameter that significantly (P< 0.05) correlated with the level of disease suppression for all three

pathogens with R? values of 37%, 72% and 53% for P. ultimum, P. cinnamomi and R. solani, respectively.
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Pre-treating the biowaste before composting resulted in a 2.4-fold increase in organic matter and a 2-fold
decrease in EC and Cl'-concentration of the compost (Table 1). The latter reductions allow for an increase in
the amount of peat that can be replaced by compost.

Table 1. Composition of peat and of untreated and wetsieved biowaste before and after composting.

Parameter Peat Untreated-biowaste® Wetsieved-biowaste?
Fresh Composted Fresh Composted

OM (g kg™ dw) 962 +18 522 +22 348 +£12 892+32 838+50
pH () 36+0.1 71+01 83+01 48+11 7.7+03
EC (mS cm) 0.34 +0.05 22+01 30+£01 20+02 16%0.2
K" (g kg™ dw) ND? ND 28+02 ND 22%02
CI (g kg* dw) ND ND 22.0+0.2 ND 10.9+0.6
Bulk density (kg m®) 213+ 16 ND 653+27 ND 385 + 28

*mean and SD for samples of one composting experiment, each determined in duplicate (n=2); mean and
SD of samples of four composting experiments, each determined in duplicate (n=8); not determined

The four bioassays with peat mixes amended with 20, 40 or 60% composts consistently showed a linear
relation between the amount of compost in the potting mix and the level of disease suppression with the
highest composts rates providing a reproducible and almost complete disease control (Figure 2). No signs of
phytotoxicity were found even at the highest compost rates, and plant dry weight did not differ significantly
among the compost-amended treatments.

100 A
80

60

40 1

Disease suppression (%)

20 1

0 T T T
0 20 40 60

Percentage compost in potting mix (v/v)

Figure 2. The relationship between the amount of composted biowaste in potting mix and the
percentage suppression of Pythium root rot of cucumber. The data points are the mean (+ SEM)
of four bioassays.

Conclusions

The results of our study indicate that commercial composted biowastes have the potential to provide
significant suppression of a number of important plant diseases to potting mixes. The level of disease
suppression is, however, variable. If a grower aims to apply compost deliberately as a means of plant disease
management he would like to be able to select the most suppressive compost. In this study we found that
general microbial activity is a useful indicator of suppressiveness. However, more knowledge of the
mechanisms of disease suppression is needed to predict the level of disease suppression more accurately.

The results of wet-sieving the biowaste prior to composting indicates that there are practical ways to
improve the horticultural quality and homogeneity throughout the year of composted biowastes. These
improved and more standardised composts can be added at higher rates to potting mixes without
phytotoxicity problems. At the higher compost rates disease suppression will be higher and more reliable
and moreover substantially less peat is to be used.
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For a further stimulation of the use of composts in (organic) compost mixes more knowledge is needed
about the mechanisms of disease suppression and about suitable and practical indicators for disease
suppressiveness. For the organic potting mix industry the development of reliable certification schemes for
compost to be used as a peat substitute is needed. Such a certification scheme should pay attention to the
horticultural quality of the compost (chemical and physical parameters, including mineralization rate, bulk
density and stability), to phytosanitary aspects and to disease suppressiveness.
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Abstract

European fruit tree canker, caused by Nectria galligena, is a major disease in organic apple cultivation. No
copper can be used in Denmark and the Netherlands to control the disease. Removal of cankers is the only
remaining method to control the disease. Slaked lime (calcium hydroxide) was applied at 50 or 100 kg/ha
three times during the leaf fall period to protect apple trees against the disease. Experiments under high
inoculum pressure showed a reduction in newly formed cankers of 57, 35 and 60 % with respect to untreated
for 3 years respectively. The chemical standard thiophanate-methy! further reduced the number of newly
formed cankers by 99, 60 and 89 % with respect to untreated for these 3 years respectively in these
experiments. These results showed that slaked lime was less efficacious than the chemical standard under
these high inoculum pressure circumstances. Demonstration experiments showed an efficacy of 70 and 68 %
for slaked lime and 62 and 62 % for the conventional standard (carbendazim and captan) with respect to
untreated controls in 2 years respectively. The demonstration experiments, done in commercial orchards and
under normal inoculum pressure, showed a similar efficacy as the conventional standard. It is concluded
that the use of slaked lime to control European fruit tree canker can contribute to a more economic organic
apple and pear production in temperate climate zones.

Introduction

European fruit tree canker, caused by Nectria galligena, is a serious problem in organic apple and pear
orchards in countries in temperate climate zones. Infection takes place through wounds, e.g. leaf scars
(Dubin and English, 1974), and produces cankers in twigs, branches and stems, which ultimately die. An
efficacious control method is the application of substantial amounts of copper during leaf fall, which is
detrimental to earthworms and negatively interacts with apple scab control. Moreover, the use of copper is
no longer permitted in Denmark and the Netherlands. Therefore, the only remaining method is for organic
growers to remove infested parts regularly from their orchards and cut wood from cankers on stems. This
leads to imbalance in the trees and is not sufficiently efficacious. Lime treatment of apple is an old cultural
practice. Different forms of lime have effects on apple scab (Spotts et al., 1997; Washington et al., 1998).
Therefore we tested the more efficacious slaked lime against European fruit tree canker to make European
canker controllable for organic growers.

Methodology

Experiments with a randomised block design were conducted at experimental apples orchards in three
consecutive years in the Netherlands. Experiments took place at Wilhelminadorp in 1997 and at Lienden in
1998 and 1999, denoted as experiments 1 to 3 (exp. 1 to exp. 3). All cankers present were removed from the
experimental field before the experiments started. Parts of branches with cankers were cut from abandoned
and heavily infected orchards with cultivars Jonagold, Elstar, and Cox’s Orange Pippin and suspended in the
plots well before start of the experiments. Branches with heavily sporulating cankers were selected on
uniformity in average twig diameter and the number of perithecia of Nectria. Per canker 25 to 50 perithecia
were present. These parts of branches with one canker each were suspended in the top of trees during leaf
fall as an inoculum source. This was done in October each year. Eight, 4 and 4 pieces of branches with
cankers were suspended per plot for the experiments 1 to 3 respectively. Trees of the susceptible cultivar
Cox’s Orange Pippin on M.9 rootstock were planted in a single row system and pruned as slender spindles.
Trees were 4, 12 and 13 years old for experiments 1 to 3 respectively. Plots consisted of 4 trees for all
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experiments. There were 9, 6 and 6 replicates for experiments 1 to 3 respectively. Each block was on a
single row and there was always an untreated buffer row between treatment rows.

Applications with products took place during the leaf fall period each year. Treatments were applied at 10
%, 50 % and 90 % leaf fall, three times in total. Thiophanate-methyl, included in the experiment as a
conventional standard, was applied only twice at 10 % and 90 %. Leaf fall was established by randomly
selecting hundred extension shoots of untreated trees in buffer rows of the experiment. From these shoots
the total number of remaining leaves and the number of leaf scars from already fallen leaves were counted.
The sprayings were made with a hand held spray gun equipped with a hollow cone nozzles and operated at 8
to 10 bars, thereby applying a spray volume of 1200 I/ha. Treatments and dosages are given in Table 1.
Slaked lime was applied as Fruitcal (95 % calcium hydroxide) in the experimental orchards.

Table 1. Treatments and doses for the experiments and demonstration trials.

dosages
experimental orchards demonstration trials
exp. 1 exp. 2 exp. 3 exp. 4 exp. 5

Untreated - - - - -
slaked lime (calcium hydroxide) 100 kg/ha 100 kg/ha | 50 kg/ha 100 kg/ha
thiophanate-methyl (Topsin M, 70 %) 1 kg/ha 1 kg/ha 1 kg/ha
carbendazim (Luxan carbendazim, 500 g/1) 0.5-0.6 I/ha
captan (Luxan captan, 83 %) 2 —2.5kg/ha

Demonstration trials were guided at three commercial orchards during two years, denoted as experiment 4
and 5 (exp. 4 and exp. 5). Applications were made by growers on large parts of their orchards. The
minimum size plot was 0.6 ha per treatment. There were no replicates per orchard in the demonstration
trials. Two demonstration trials took place in apple orchards with a mixture of cultivars, but consisting
mainly of Jonagold and Elstar. The third demonstration trial was in a pear orchard with the main cultivar
Conference. Treatments were untreated, slaked lime (as Supercalco, 95 % calcium hydroxide), and a
conventional fungicide schedule. The conventional fungicide schedules consisted of one treatment with
carbendazim and two to four treatments with captan during the leaf fall period (table 1). Slaked lime was
applied three to five times during the leaf fall period. Naturally present cankers served as inoculum at the
grower’s orchards.

The numbers of newly formed cankers were counted the following spring at the end of May and the
beginning of June when symptoms appeared. All newly formed cankers were counted in all trees per plot in
the experiments. Also, all newly formed cankers were counted on 25 randomly chosen trees in the
demonstration trials. All data were statistically analysed with Genstat version 5, release 4.1. with analysis of
variance. If significant effects were demonstrated, least significant differences were calculated for pairwise
comparisons. All data from the demonstration trials were pooled and analysed as if orchards were replicates.

Results and discussion

The average number of newly formed cankers varied per year in untreated fields (figure 1). This reflected
the weather conditions during the leaf fall period. Experiments 1, 2 and 4 had more rainy days during leaf
fall than year 3 and 5. Rainy days are conducive for infections (Swinburne, 1971). Numbers of newly
formed cankers were higher in the experiments (exp. 1 and 2) than in the demonstration trials. This was
expected since only naturally present cankers served as inoculum in the demonstration trials, while a high
inoculum pressure was created by suspending sporulating cankers in the trees in the experiments. Slaked
lime treatments had significantly lower numbers of newly formed cankers than untreated in all experiments
and demonstration trials (figure 1). The conventional fungicide treatments provided significantly fewer
newly formed cankers than slaked lime in year 1 and 3, but not in year 2 in the experimental orchards.
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Figure 1. Average number of newly formed cankers per plot in 3 experiments (exp.1 to 3) and 2
demonstration trials (exp. 4 and 5).

On the other hand, the number of newly formed cankers in the slaked lime and the conventional fungicide
schedules were not significantly different from each other in the demonstration trials (figure 1). Both
schedules were significantly different from untreated plots in the demonstration trials.

The efficacy of slaked lime against European fruit tree canker varied between 37 to 60 % with respect to
untreated in the experimental orchards under high infection pressure (Table 2). The efficacy was even better,
up to nearly 70 %, in the demonstration trials at commercial orchards. The latter might be explained by the
moderate infection pressure in the demonstration trials. Also, the number of applications of slaked lime was
higher, up to five times, in the demonstration trials than in the experimental orchards. The conventional
fungicide thiophanate-methyl had significant better efficacy than slaked lime in the experimental orchards.
However, slaked lime was as effective as the conventional fungicide schedule in the demonstration trials.

Table 2. Percentage efficacy of treatments with respect to untreated. Different letters after data in the
same column indicate significant differences at P < 0.05.

experimental orchards demonstration trials
year 1 year 2 year 3 year 4 year 5
slaked lime 56.6 a 36.8a 59.9a 69.8a 68.2a
thiophanate-methyl 99.2b 60.3 b 89.4b
fungicide schedule 62.3a 61.8a

No comparison was made between copper and slaked lime in our experiments. Several comparisons have
been made in the past between benzimidazole fungicides, such as thiophanate-methyl and carbendazim, and
copper compounds (e.g. Bennett and Swait, 1977). Benzimidazole fungicides were always better than or as
effective as copper compounds. Keeping this in mind and the results of our experiment, it might be expected
that slaked lime is more or less equally effective as copper treatments during leaf fall.

Liming with calcium carbonate is a common measure in organic culture. It is believed that the calcium ions
play a role in the physiology of fruit trees which, among other effects, improves natural resistance to
diseases (Vogel, 2000). Another effect of lime is the decrease of acidity. It is known that high pH values
reduce the germination of fungal spores (e.g. Pung et al., 1995). It was expected that slaked lime might be
more efficacious than normal lime since it generates a higher pH value. This might be the explanation for
the good efficacy of slaked lime against European fruit tree canker in these experiments.

Other cultural practices, such as drainage of soils (Swinburne, 1975), can be combined with the application
of slaked lime and will further reduce damage by this serious disease. Slaked lime can also be applied
through overhead sprinkler systems, which makes application under critical wet autumn circumstances
feasible without damaging the soil structure in the interrows.
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The Dutch government submitted our data to support placing slaked lime on Annex |1 of the European
Union harmonisation of pesticides for release in organic fruit growing. By uptake of carbon dioxide, slaked
lime becomes ordinary lime. No harmful effects of the slaked lime applications were observed during our
experiments or in commercial orchards. A general principle of organic culture, however, is cycling of
materials. To apply several slaked lime treatments would add new material from outside to the organic
orchard. This is also done with the application of sulphur to control apple scab, although in lower quantities,
and even more so by fertilising or liming soils, where tons of materials are introduced in the organic system.
The latter two examples are in line with the IFOAM guidelines appendices 1 and 4. It is noted that a grower
can produce his own slaked lime by burning limestone. It is expected that slaked lime will be released for
use in organic culture but it is still being debated at this moment.

Conclusions

It is concluded that slaked lime had a substantial effect in reducing the number of newly formed cankers in
organic apple and pear orchards. The experiments showed that slaked lime can contribute to prevent
European fruit tree canker. This is a step forward in the control of European fruit tree canker and contributes
to more economic organic apple and pear production in temperate climate zones.

References

Bennet, M. & Swait, A. A. J. (1977) Apple canker (Nectria galligena). Report East Malling Research
Station for 1976, 136-137

Dubin, H. J. & English, H. (1974) Factors affecting apple leaf scar infection by Nectria galligena conidia.
Phytopathology 64, 1201-1203

Pung, S. H., Wong, J. A. L., Say, M. & Williams, W. G. (1995) Effect of high pH on germination and
infection hypha formation of conidia of Venturia inaequalis. In: Proceedings 10" Biennial Conference
of the Australasian Plant Pathological Society, 28-30 August 1995. Lincoln University, New Zealand.
Abstract 228, 100

Spotts, R. A,, Cervantes, L. A. & Niederholzer, F. J. A. (1997) Effect of dolomitic lime on production of
asci and pseudothecia of Venturia inaequalis and V. pirina. Plant Disease 8, 96-98

Swinburne, T. R. (1971) The seasonal release of spores of Nectria galligena from apple cankers in Northern
Ireland. Annals of Applied Biology 69, 97-104

Swinburne, T. R. (1975) European canker of apple. Review of Plant Pathology 54, 787-799

Vogel, T. (2000) Kalken der Obstbaume — eine wichtige biologische Pflanzenhygienemassnahme. Obstbau
3,170

Washington, W. S., Villalta, O. & Appleby, M. 1998. Control of pear scab with hydrated lime alone or in
schedules with other fungicide sprays. Crop Protection 17, 569-580

ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005 page 145



IDENTIFICATION OF MEASURES FOR PREVENTION OF BLACK SPOTS IN
ORGANICALLY PRODUCED STORED CARROTS

Jurgen Kohl (1), Pieter Kastelein (1), Janneke Elderson (1), Wim J. Blok (2)

(1) Plant Research International, P.O. Box 16, 6700 AA Wageningen, The Netherlands,
+31 317 476017, jurgen.kohl@wur.nl, www.plant.wur.nl
(2) Biological Farming Systems Group, Department of Plant Sciences, Wageningen University, Marijkeweg
22, 6709 PG Wageningen, The Netherlands, +31 317 483124, wim.blok@wur.nl

Key Words: Organic farming, carrots, black spots, Alternaria radicina, Rhexocercosporidium carotae

Abstract

In the Netherlands winter carrot for the fresh market is a cash crop for many organic growers of field
vegetables. In the last few years blackish spots have been observed during storage of carrot roots. An
inventory was carried out in 2001/2002 and 2002/2003 including in total 42 carrot lots from 22 growers.
Statistical analysis was performed by multiple regression analysis to identify factors and variables that best
explained the occurrence of black spots on stored carrots.

Rhexocercosporidium carotae was the dominating pathogen in black spots of carrots harvested in 2001.
From carrots harvested in 2002, Alternaria radicina was isolated most frequently, followed by A. dauci and
R. carotae. Multiple regression analysis indicated that the occurrence of R. carotae was associated with wild
umbelliferous plants or carrot production during the previous year in the neighbourhood of the investigated
carrot fields. A high occurrence of the symptoms of black spots was associated with increasing damage
caused during harvest or with higher temperatures during harvest.

Introduction/Problem

For many organic arable farms in the Netherlands, carrot for the fresh market is an important cash crop.
Especially when mature carrot roots are harvested before winter and held in refrigerated storage for several
months, returns are profitable. However, in the last few years superficial dark brown or black spots have
developed during storage of roots from carrot crops grown on clay soils. When 5% or more of the roots are
affected, the whole lot is rejected for the fresh market. Due to this post-harvest blemish, several farmers are
faced with serious financial setbacks, and methods to manage the blemish are needed.

In organic farming systems the possibilities to control diseases are limited. Application of cultivation
measures interfering with disease cycles may be acceptable. However, current knowledge of the pathogen(s)
causing the black spots and the effect of agronomic practices on their occurrence is lacking. To gain an
insight into the blemish, black lesions on cold stored carrot roots were screened for fungi known to cause
root spotting, and information on cropping patterns, crop husbandry, and harvesting conditions was analysed
for relationships with disease occurrence.

Methodology

An inventory was carried out in 2001/2002 and 2002/2003 including in total 42 carrot lots from 22 organic
growers. The farms were located on clay soils in the southwest, the centre and the north of the Netherlands.
All crops were grown to yield roots of 50 — 250 g for long-term storage. Most crops were grown between
mid-May and mid-October. The crops were grown on average 150 and 135 days in 2001 and 2002,
respectively. Both growing seasons were warmer and wetter than normal.

Information on acreage, soil conditions and previous history of the parcel, tillage, sowing, crop husbandry
(manuring, irrigation, weed and pest management) and harvesting conditions was obtained by means of
questionnaires. Seeds were assessed for pathogen contamination according to rules of the International Seed
Testing Association (ISTA). Two weeks before the planned harvest date of a crop the percentage of foliar
necrosis was assessed and the crop was surveyed for occurrence of foliar diseases. On that occasion the
adjoining plots were examined for the presence of umbelliferous crops and field margins were searched for
umbelliferous plants. On the harvest day, a 100-root subsample was taken from the storage boxes to assess
the pre-storage sanitary conditions, dirt tare, topping efficiency, crop damage (abrasions and other injuries)
and contents of calcium, magnesium, potassium and sodium in the roots. Additionally, a sample of the
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topsoil was taken to determine the water content, and the harvest weather was described. Another subsample
of 100 to 200 roots was taken on the harvest day; the roots were crated unwashed and the crates were
wrapped in perforated plastic foil and stored within 48 h after harvesting in a cold room at 1 to 5 °C and
95% RH for 4 to 5 months. After storage, samples were washed and visually inspected for pests and
diseases, which were identified by the appearance of lesions or damage. For each pest or disease the number
of affected roots was recorded. Pieces of skin showing a superficial dark brown to blackish lesion were
excised from the washed carrot roots and incubated at 15 °C in humid chambers for two weeks under NUV-
illumination with a daily photoperiod of 12 h. Incubated lesions were examined with a stereomicroscope for
presence of conidia or chlamydospores of fungi known to cause root spotting (Snowdon, 1991). Statistical
analysis was performed by multiple regression analysis (Genstat 6.1; Nummeric Algorithmus Group. Inc.,
Oxford) to identify such factors (out of 14 factors investigated) and variables (out of 21 variables
investigated) that best explained the occurrence of black spots or certain pathogens on stored carrots.

Results and brief discussion

In 2001 no black spots were found on carrots at harvest, whereas in 2002 black spots were already found in
26% of the lots at harvest. Such lesions were mainly caused by Alternaria radicina or Chalaropsis spp.
After storage, all lots harvested in 2001 showed black spots. On average, 2 to 21% of the carrots of the
different lots were diseased. Eighty-three percent of the lots harvested in 2002 showed black spots, but only
1 to 10% of the carrots of individual plots were diseased. Rhexocercosporidium carotae (syn. Acrothecium
carotae; Arsvoll 1965) was the dominating pathogen in black spots of carrots harvested in 2001 (Table 1).
From carrots harvested in 2002, Alternaria radicina was isolated most frequently, followed by A. dauci and
R. carotae. Mycocentrospora acerina and Chalaropsis thielavioides were found only occasionally. Attempts
were made to distinguish among several types of black spots according to size, shape or colour. No
relationships were found between lesion type and pathogen species isolated from such lesions.

The occurrence of R. carotae in a huge number of organically produced carrot lots was unexpected. Damage
of stored carrots caused by R. carotae was found occasionally by Arsvoll (1965; 1971) in Norway, Edwaldz
(1997) in Sweden and more recently by Shoemaker (2002) in Canada. The broad occurrence of R. carotae
has not previously been reported for The Netherlands.

Table 1. Occurrence of pathogens in black spots on cold stored carrot roots and their distribution
among the samples collected in 2001 and 2002.

Root spotting pathogen Percentage lesions Percentage samples
with pathogen with pathogen
2001 2002 2001 2002
Alternaria dauci 6 14 47 13
Alternaria radicina 8 23 26 35
Chalaropsis thielavioides 1 5 5 4
Mycocentrospora acerina 1 0 11 0
Rhexocercosporidium carotae 50 11 74 22
Sterile or other fungi 34 47 16 39
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Differences in level of symptom development on carrots after harvest were observed in the two seasons.
This is in line with observations of Dutch growers who experienced such variable levels of damage in stored
carrots in recent years. Also, the occurrence of the different pathogens causing black rot varied considerably
between the two years. It is not known under what circumstances certain pathogens are favoured and which
factors cause an increase of damage in storage.

In collaboration with growers, factors and variables were identified that may affect the occurrence of black
spots or stimulate certain pathogens. Although the number of variables and factors considered was high with
respect to the low number of carrots lots that could be evaluated, multiple regression analysis helped to
indicate several issues that partly explained the occurrence of black spots or R. carotae.

A high occurrence of symptoms of black spots was associated with increasing damage caused during harvest
(2001, Fig. 1) or with higher ambient temperatures during harvest (2002; Fig. 2). Both variables indicate that
harvest conditions and handling of the produce during and shortly after harvest may have an impact on the
occurrence of black spots. This implies that further experimental research primarily should focus on the
effect of harvest conditions on the susceptibility of carrots for infection, on wound healing processes, and
the presence and development of pathogens under the prevailing harvest conditions.

The occurrence of R. carotae in black spots was associated with wild umbelliferous plants (2001; Fig. 3) or
carrot production during the previous season (2002; Fig. 4) in the neighbourhood of the investigated carrot
fields. Both factors indicate that infected umbelliferous plants or their remains may be a source of inoculum
that is carried by wind or otherwise to susceptible carrot crops. A systematic inventory of the presence of the
pathogen on wild and cultivated umbelliferous plants is needed to verify this hypothesis.

Conclusions

An inventory was carried out on organically managed farms to identify factors or variables that may affect
the occurrence of a major disease complex in stored carrots. Our research helped to define hypotheses for
further experimental work. This work will aim at the development of preventive measures during and
shortly after harvest to reduce the risk of post-harvest losses in organic carrot production.
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Abstract

The paper gives an overview over the prospects and risks of the application of bioherbicides in Organic
Farming and wants to support the general acceptance by the EEC Council Regulation on Organic Production
of Agricultural Products. Another problem of current importance is the maintenance of seed health. Several
methods of seed treatments and their practical use are described (hot water, hot air, microwave steam, radio-
frequency, low energy electrons, micro-organisms and natural substances).

Introduction

In Germany, the marked expansion of Organic Farming has far-reaching implications for crop production.
Even when proper prophylactic plant protection measures are taken, mass reproduction of weeds and pests
can occur, resulting in losses of yield quantity and quality. The implementation of direct weed and pest
control measures has therefore become an important and indispensable component of plant protection
management. Within this process, the search for new, environmentally friendly natural substances suitable
for use as active ingredients in pesticides must be pursued intensively. In Europe, there are still many
“ideological barriers” to overcome. The use of bioherbicides should be considered as they provide a means
of cost-effective weed control in harmony with nature. Seed health is another problematic area where new,
modern and environmentally-friendly treatment methods exist but still cannot be implemented in Organic
Farming due to ideological restrictions.

Results and brief discussion
Utilization of Bioherbicides

Unlike the EEC Council Regulation on Organic Production of Agricultural Products, the use of certain weed
control products is allowed in the IFOAM Guidelines (International Federation on Organic Agricultural
Movements). In the USA, the Organic Materials Review Institute (OMRI 2004) includes the following
products in its list of approved herbicides: AllDown (citric acid, acetic acid), BioWeed (corn gluten meal),
and Xpress (thyme oil, clove oil). In Canada, organic farmers are also allowed to use these herbicides under
certain conditions. In New Zealand and Australia, “Organic Interceptor” (pine oil) is approved for use in
Organic Farming (Bio Gro New Zealand 2005, Australian Certified Organics 2003), and natural vinegar
(acetic acid) is blanket-approved in Japan (Japanese Ministry of Agriculture, Forestry and Fisheries 2003).
Although export products from these countries are usually subject to stricter production requirements when
intended for import into the European Union, these differences in the regulatory framework can lead to an
undesirable distortion of competition.

Natural Substances with Herbicidal Activity

A great number of relatively harmless natural substances with herbicidal activity can be considered for use
in ecological agriculture (Verschwele 2004). This includes the aforementioned bioherbicides acetic acid,
thyme oil, clove oil, wheat gluten and pine oil as well as other compounds like EDTA, urea, pelargonic acid
and citronella oil, which have been authorized for certain indications in some countries. In Germany, for
example, acetic acid (e.g., Filacid, TEM 123) is authorized for weed control in lawns or fruit plants in home
gardens and gardening plots. Pelargonic acid (Finalsan) is also used here in similar indications. In Great
Britain, citronella oil (Barrier H), another simple plant extract, is approved for control of common groundsel
(Senecio vulgaris). Corn gluten, to name another example, is a by-product of corn milling. In the USA, it is
supplied in powder form and is used to control weeds in parks and tree nurseries.
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Compared to conventional herbicides, these natural substances have a better environmental profile but
frequently lack high levels of efficacy and selectivity. In controlled studies on the management of wild oats
and other grass weeds, Young (2004) determined the efficiency of acetic acid and pine oil to be 31 % to

89 9%; thus, the natural herbicides were much weaker and more unreliable than the reference product,
glyphosate, and they required multiple applications. Tworkoski (2002), on the other hand, found that
essential oils from clove, cinnamon and other aromatic plants achieved complete weed shoot control in
certain weed species within up to 24 hours. Wiecko (2003) demonstrated that even sea water with natural
salinity levels had highly phytotoxic effects on certain salt-sensitive weed species, such as large crabgrass
(Digitaria sanguinalis).

Allelopathic strategies will also be increasingly used in direct pest-control in the future. It has long been
known that rye, oats and sunflower have allelopathic effects, i.e., that they excrete chemicals that impair the
germination, growth, and development of other plants. It is possible to exploit the herbicidal effects of
allelopathic plants by selectively implementing them in the framework of crop rotation or selective mulch
management. However, it is more effective to apply the allelopathic substances extracted from these plants.
Artemisinin, a phenolic compound derived from annual wormwood (Artemisia annua), has a high herbicidal
potential. Many allelopathic compounds inhibit photosynthesis and resemble the conventional synthetic
herbicides in regard to their structure and mechanism of action (Singh et al. 2003). Large-scale production
of artemisinin has already started but, outside of experimental applications, the amount of this and other
allelopathic chemicals actually used in practice is still insignificant.

Myecoherbicides are another type of natural bioherbicide consisting of microorganisms, especially fungal
pathogens. Because of the frequent formulation, storage and efficacy problems with these products, only a
few mycoherbicides have been put on the market to date. These include Camperico, which is used to control
weeds in lawns in Japan and the USA, and Collego, which is used in rice and soybeans in the USA.
Mycoherbicides are also subject to additional requirements (e.g., high host specificity) to ensure that their
use is organically acceptable (Rosskopf & Koenig 2003).

Potentials and Risks of Bioherbicides

Similar to fungicides and insecticides, bioherbicide use can be regulated and restricted so as to ensure
compliance with the principles of good organic farming practice. It is, for example, possible to have all
herbicide treatments subject to approval by the responsible control authority, who would approve such
treatments only if crops were severely endangered. Potential environmental risks could be significantly
reduced by selectively treating only isolated field sections or individual plants, e.g., Canada thistle (Cirsium
arvense) or dock species (Rumex spp.). Bioherbicides could at least partially dispense with the usual practice
of manual weed control, thereby reducing manpower and cost requirements. This would allow organic
farming businesses to increase their efficiency and, thus, to better adapt to the changing economic
conditions.

Seed Treatment Strategies

Seed health is another problem in Organic Farming. Because the use of non-organically grown seed has
been sharply restricted since the beginning of 2004, the risk of diseases caused by seed-borne pathogens has
risen accordingly. The smuts, especially common bunt (Tilletia caries), are the main disease-causing
organisms in grain, but germination and emergence-inhibiting pathogens like Fusarium ssp. and Septoria
nodorum can also play a major role in wheat. Seed-borne diseases also have a significant impact on
vegetable and sugar beet growing, and must be treated as needed. The range of available alternative seed
treatment methods is described below.

Thermal Seed Treatment Methods

The basic principle of thermotherapy (Baker 1962) is the application of heat, usually in conjunction with
moisture, to kill harmful pathogens on the surface and interior of a seed without impairing the functional
capacity of the seed. Because of its higher thermal capacity and better heat transmission properties, water is
a much better medium for thermal seed treatment than air. The optimum treatment effect is achieved when
the selected temperatures and treatment times induce a maximum reduction of infestation without relevant
impairment of germination capacity and shoot growth.
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Various thermal seed treatment techniques are used. In hot water treatment, the “classical” method, the
often pre-soaked seeds are treated at temperatures of 50°C to 55°C for 10 to 120 minutes, depending on the
specific seed type. The optimal treatment range for the main vegetable species was determined to be 50°C to
53°C for 10 to 30 minutes (Nega et al. 2003). Because of the high energy costs, especially those required for
subsequent drying, attempts are being made to replace hot water treatment with more efficient methods,
such as hot air treatment. In the last decade, a humid hot air seed treatment system in which the variables
treatment temperature, treatment time and relative humidity are controlled by sensors and computer
technology has been developed and is now ready to be put on the market. This method dispenses with the
need to dry the seed after treatment (Forsberg et al. 2002). It is currently being tested in vegetable seed (Jahn
et al. 2005).

Microwave steam treatment is another thermotherapy technique in which steam is used to keep the seed
stock from drying out without actually wetting the seed. Microwave irradiation makes it possible to
completely kill seed-borne pathogens at temperatures of around 67°C to 75°C within very short treatment
times of 3 to 10 minutes. Radio-frequency treatment, which is based on the same principle, uses different
irradiation wave lengths that penetrate to greater seed layer depths. This makes it possible to heat thicker
seed layers of up to several decimeters at a time, which is a considerable technical advantage. Radio-
frequency treatment makes it possible to completely kill fungal pathogens while preserving the germination
capacity of the seeds using temperatures of 65°C to 70°C within treatment times of less than 10 minutes
(von Hérsten 1995, Cwiklinski 2001). An advantage of all the thermal seed treatment techniques is that they
kill pathogens both on and in the seeds.

Electron Seed Treatment

Electron seed treatment is an innovative technique that selectively exploits the biocidal effect of low-energy
electrons. Although ready-to-use solutions for seed treatment with low energy electrons are available, and
although these systems have successfully demonstrated good control of seed-borne diseases in grain (Tigges
et al. 2002), this technique has yet not become established in Organic Farming. This is mainly due to
reservations against radiation, which could potentially alter the genetic material of the seeds. However, it is
possible to avoid embryonic damage using proper dosage and species-specific dose adjustment.

Microorganisms Used for Seed Treatment

The possibilities for utilizing microorganisms for biological seed treatment are still limited. Different
biological seed treatment products are being tested throughout the world. Cedomon (Pseudomonas
chlororaphis, strain MA 342), a biological seed dressing that was developed in Sweden for treatment of
grain seed, is ready for marketing (Hoekeberg et al. 1997) and has already been marketed successfully in
some countries. Pseudomonas fluorescens and Bacillus subtilis-based products, which can be used, for
example, to treat Rhizoctonia solani in potato seed stock (Steiner et al. 1999), are also important for field
agriculture.

Natural Substances Used for Seed Treatment

In Germany, the increasing frequency of common bunt (Tilletia caries), in particular, since the 1990s has
resulted in the development of seed treatment agents based on natural substances. Certain plant extracts, e.g.
from garlic, horseradish and mustard plants (Spiess & Dutschke 1991), and natural products like skim milk
powder and wheat flour (Becker & Weltzien 1993) achieve good levels of efficacy when used to control
common bunt. A yellow-mustard powder product (Tillecur) available for use in Organic Farming has also
shown excellent efficacy in the treatment of this disease, even in cases where infestation was severe
(Waldow & Jahn 2005).
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Abstract

Fifty spring barley varieties grown under organic as well as conventional growing conditions in
experimental fields in four combinations of year and site were studied. The yield varied greatly within and
between environments (years and sites) and systems. Furthermore, the variation among varieties was
substantial and differed among different environments and systems. Associations between observed grain
yield of these varieties and disease and growth characteristics assessed in the official conventional variety
testing were compared between the organic and the conventional system. Using factorial regression analysis,
the best model was found for predicting the observed grain yield each year from these characteristics in the
previous year. In this model, the residual variance component for varieties was lower for observations from
the conventional growing system than from the organic growing system, implying that the VCU-
characteristics better predicted the results from conventional growing system. The implications for organic
variety testing are discussed.

Introduction/Problem

Modern spring barley varieties have been developed with the aim of combining high productivity and
standardised product quality under high-input conditions. The organic growing system is a system where
pesticides and inorganic fertilizers are generally not allowed. Hence, biotic and abiotic stresses have to be
controlled by growing appropriate varieties and by good farm management practices. An important question
is whether modern spring barley varieties possess the right combinations of traits to ensure a stable and
acceptable yield of good quality when grown under different organic growing conditions. We know that
varieties often perform and yield differently in different environments due to genotype-environment
interactions, so it may be important to evaluate characteristics of varieties in organic as well as in
conventional farming systems. However, it remains unclear to date whether the differences between
conventional and organic growing systems are large enough to justify testing of varieties in both
environments.

In many countries, varieties are officially evaluated on a number of traits for Values of Cultivation and Use
(VCU-testing). This evaluation takes place under conventional conditions and the traits selected are those of
relevance for conventional farming. However, in a few countries (e.g. The Netherlands and Austria) testing
is also performed under organic conditions. In this case, characteristics of special relevance under organic
growing conditions are included. Here we investigate how well disease and growth characteristics from
conventional VCU-testing may predict grain yield for a large number of varieties grown under specific
organic as well as conventional growing conditions without fungicides.

Methodology

Field trials were conducted on experimental research fields at two Danish locations (Flakkebjerg and
Foulum) in two years (2002, 2003) in two types of growing systems resembling either organic or
conventional (without use of fungicides) conditions chosen to be optimal for each site and year. As a
consequence, the two types of system differed mainly in type and amount of nutrients available and in the
way of controlling weeds. The four combinations of years and sites are denoted ‘environments’. More than
100 varieties with different expectations for performance in organic systems were included in the trials,
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representing current varieties and new varieties becoming available, as well as varieties from other sources
regarded as potential ‘organic’ candidates.

Varietal characteristics of 50 of these varieties were obtained from official conventional VCU-testing for
each of the two years 2001 and 2002. These consist of 1) disease severity assessment for each variety for
each of four prevalent diseases (barley powdery mildew, barley leaf rust, scald, and net blotch) observed in
trials without fungicide treatment; and 2) other growth characteristics assessed in trials with fungicide
treatment: culm length, tendency to lodging, tendency to breakage of straw and ear, and date of ripening
(Anonymous 2001,2002). In addition, a combined measure for the years 2002-2004 for competitive ability
of each variety against weeds (Hansen 2002) calculated from information on canopy height and Leaf Area
Index from herbicide-treated trials was included as a competition index. This index has been part of the
VCU-testing since 2002.

Variation in grain yield for the 50 varieties in the four enviroments and two types of systems was analysed
by analysis of variance, including main effects as well as interactions among the independent variables:
varieties, type of system and environment (year X site).

Associations between grain yield and varietal characteristics were analysed by means of slightly modified
factorial regression analysis (Denis, 1988). In the analyses shown here each regression coefficient was
described as a sum of one or more components, a general one, three specific for the environment (separated
into year, site and interaction) and the one specific for the growing system. At first, the parameters of the
model were calculated with all varietal characteristics included.

Yin = Hja + Z(am + B Vi + O + i Wi + Vi + Uiy + Eije
m
Yia = Observed yield measurement for variety i, in year j, location k, system I, and replicate n
... = registered m'th characteristic (or its squared value) from VVCU-testing for variety i in year j'= j —1.
For m ="weed competitive index' values for the two years are identical
Squared terms were only included for ‘barley powdery mildew' and ‘competition index'
For disease characteristics the 3rd root of the registered characteristics were used
Hyq=mean yield in year j, location k and system |
a, +ﬂjm + Vi +5jkm +
= regression coefficient for the association between yield and m'th characteristic
V, and Uy, are a random effect of residual variety effect and residual interaction effect
which is assumed normal distributed with mean 0 and variance, o;; and o, , respectively.
is the error associated with the experimental design which is assumed normal distributed
with mean 0 and variance o7

ij'm

E

ijk In

The model was reduced step by step by leaving out the least significant term until all remaining terms were
significant at the 5% level of significance. In the reduction steps some restrictions were imposed to ensure
that higher order terms were removed before lower order terms could be considered as candidates for
removal. Terms including interactions were assumed to be of higher order than their components, and square
terms were considered to be of higher order than linear terms.

Results and brief discussion

The observed grain yield varied between the environments and systems with the highest yield in the
conventional system at Flakkebjerg in 2003 and the lowest yield in the organic system at Flakkebjerg in
2002 (Table 1). In both years, the site Flakkebjerg was superior in the conventional system.

Table 1. Mean grain yield (hkg/ha) for 50 varieties according to system and environment

2002 2003
Foulum Flakkebjerg Foulum Flakkebjerg
Conventional 51.7 55.9 54.2 63.2
Organic 55.7 50.9 53.8 53.8
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The analysis of variance showed a very significant effect for all main effects and interactions except for
year*site*system (Table 2). The largest contribution to variation in yield measured by mean squares was due
to the interaction between site and system. The largest interaction between varieties and any of the other
factors was between varieties and sites; a somewhat smaller value was found between varieties and years
and an even smaller one between varieties and systems.

Table 2. Analysis of variance for observed grain yield in different growing systems and environments

Source DF Mean Square F Value Pr>F
year 1 731.58 196.50 0.0000
system 1 722.82 194.15 0.0000
site 1 438.80 117.86 0.0000
site*system 1 2002.33 537.81 0.0000
year*site 1 577.28 155.04 0.0000
year*system 1 479.97 128.92 0.0000
year*site*system 1 0.06 0.02 0.8783
variety 49 108.80 29.22 0.0000
variety*site 49 12.10 3.24 0.0000
variety*year 49 11.07 2.98 0.0000
variety*system 49 10.20 2.75 0.0000
variety*year*system 49 9.94 2.68 0.0000
variety*site*system 49 8.88 2.39 0.0000
variety*year*site 49 7.46 2.00 0.0001
variety*year*site*system 49 8.74 2.35 0.0000

Factorial regression analysis showed that many VCU varietal characteristics (all disease assessments,
ripening date, and competition index) had a significant effect on prediction of grain yield the following year
(Table 3). For powdery mildew and net blotch, the regression coefficients were significantly different
between sites and years, respectively; none of the coefficients was significantly different between growing
systems. The latter implied that the best linear combination of VCU-characteristics to predict grain yield
production were identical in the two systems.

Table 3. Significant parameter values in the factorial regression

General effects Changes in linear effect for environment

Linear Quadratic 2002 2003 Flakkebjerg Foulum
Powdery mildew 3.53 -3.49 0.59 -0.59
Leaf rust -3.52
Net blotch -6.54 1.27 -1.27
Scald 1.62
Date of ripening -1.14
Competition index 5.64 -0.028

When this best regression model was used for predicting yield, the residual variance component for varieties
was lower for observations from the conventional compared with the organic growing system (Table 4).
Thus, the characteristics observed in the official conventional VCU-testing, including the competitive index,
better predicted the grain yield of varieties within the conventional growing system. In conclusion, a
variation of 2.5 hkg/ha (organic) compared to 2.1 hkg/ha (conventional) was not accounted for in the
prediction of variety yield. The interaction between varieties and environments was, on the other hand,
better described by the VCU-data for the organic than for the conventional system. This may be because the
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prediction of difference in yield between two varieties in one environment compared to another environment

was better in the organic system.

Table 4. Variance components for variation among varieties and for interaction between varieties and
environments when variety characteristics are used to describe grain yield

Variance component
Variety Varietyxenvironment
Conventional system 4.45 6.39
Organic system 6.19 4.63

The results depend on the varieties and systems chosen. A broad spectrum of varieties was included;
however, most of the varieties were conventional varieties bred for high-input conditions. Further, the
systems considered may differ from each other by less than actual conventional high-input farms compared
with certified organic farms. Therefore, even bigger differences may be found between the explanatory
value of VCU-test characteristics for conventional and organic systems.

Conclusions

Many conventional VCU-testing varietal characteristics had a significant influence on grain yield; this
influence was for most characteristics not significantly different for the different environments and was not
significantly different for the two systems. However, the traits used for official variety testing that were
shown to have a significant influence on the prediction of yield the following year described the observed
grain yield better in the conventional system considered than in the organic system. This indicates that a
traditional VCU-testing supplemented with the competition index as defined by Hansen (2002) is not fully
sufficient to predict variety yield when varieties are grown under organic farming conditions. Other
characteristics of special importance for organic farming may be included in the conventional variety
testing, e.g., nutrient uptake efficiency. However, the final decision for implementation of independent
organic VCU-testing is based on an evaluation of the economic costs and benefits, including assessment of
quality traits. The possible establishment of organic VCU-testing in Denmark starting in 2006 will be
decided partly based on these trials.
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Abstract

Four months after application of sheet steaming to the soil in an organic greenhouse, the treatment had still a
significant effect on the diversity of the soil microflora (bacterial and fungal populations). Also four months
after steaming, two fertilizer types differed significantly in their effect on microbial composition. Goat
manure had a positive effect on bacterial diversity, while spent mushroom compost had a stimulating effect
on fungal diversity.

Introduction

As cultivation in heated glasshouses becomes more intensive, crop rotation schedules are narrowed down
and comprise mainly crops like tomato, sweet pepper and cucumber. The BIOKAS project is set up as a
participatory research project together with 11 organic growers with the aim of optimizing production
strategies. Sheet steaming is used as an emergency measure to control soil-borne pathogens, especially
nematodes. As other measures prove insufficient, soil steaming has gained popularity, but with varying
results. The application of soil steaming leads to loss of diversity of soil life, and the system may become
more susceptible to pathogenic organisms. As steaming is in some situations considered unavoidable by the
farmers, the question was raised whether the application of organic fertilizers may stimulate the
redevelopment of microflora biodiversity in the soil. The following experiment was set up in order to gain
insight into the redevelopment of microorganisms as well as plant pathogenic nematodes after steaming the
soil during the cultivation of sweet pepper. The main research question posed is: “Does the application of
specific organic fertilizers offer opportunities to stimulate the (re)development of soil microbial diversity?”.

Methodology

In an on-farm trial in a commercial organic greenhouse, sheet steaming (for 6 hours - without loosening the
soil prior to the experiment) was applied to part of the research plot before the start of sweet pepper
cultivation. A non-grafted variety of bell pepper (Special) was grown. The glasshouse is equipped with a
closed hot water circuit for heating. The greenhouse is located in the southern part of the Netherlands on a
sandy soil at Middelbeers, Noord Brabant. The soil is a humus rich (5.4 % organic matter), calcium-poor
sandy soil. The effects of 5 organic fertilizers (goat manure (GM), three types of commercially produced
yard waste compost (YWC) and one type of experimentally produced spent mushroom compost (SMC)) on
the development of soil microflora and plant pathogenic nematodes were investigated by measuring the
composition at several time intervals. Laboratory experiments were carried out in order to estimate C-
turnover rates of the soil organic matter (SOM) and organic amendments. The amount of organic fertilizer
applied was calculated based on the farmers’ aim to keep organic matter content of the soil at a constant
level. To meet nutrient demands of the crop, additional fertilization was carried out with bloodmeal.

Total and active biomass of bacteria and fungi, and numbers of ciliates, flagellates and amoebae were
determined in 4 instances. The diversity of bacterial and fungal populations was investigated by polymerase
chain reaction (PCR), followed by denaturing gradient gel electrophoresis (DGGE) (Postma et al., 2000) in
the following soil samples:

= treatment Cst and Cns (control steamed and not steamed) on 01-12-2003 (before steaming, t = -1)
= treatment Cst and Cns (control steamed and not steamed) on 16-12-2003 (just after steaming, t = 0)
= treatment Cst, Cns, YWC-CPst and YWC-CVst on 12-01-2004 (t = 1)
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= all 12 treatments were analysed on 29-3-2004 (4 months after steaming, t = 2)
= treatment Cst, Cns, YWC-CPst and YWC-CVst on 09-06-2004 (t = 3)

PCR-DGGE patterns were analysed using canonical correspondence analysis (CCA) in CANOCO. Diversity
was calculated based on the number and intensity of ladder bands, using the Shannon-Weaver diversity
index. Samples of soil microflora were classified using TWINSPAN (Hill, 1979). Plant pathogenic
nematodes (Meloidogyne hapla) were counted in soil samples in 6 instances during the growing season. The
experimental design is shown in table 1.

Table 1. Experimental design with numbers and codes of the plots. Plots measure 8x4 m?. The left site
of the trial (plots 1-6) was steamed at the beginning of the experiment, the right site (plots 7-12)

was not.
6 SMCst 12 Cns (control)
26.0 tonnes/ha (no organic fertilizer)
5 YWC-CVst 11 SMCns
33.5 tonnes/ha 26.0 tonnes/ha
4  YWC-CPst 10 YWC-IRns
33.5 tonnes/ha 30.5 tonnes/ha
3 YWC-IRst 9 GMns
30.5 tonnes/ha 48.5 tonnes/ha
2 Cst (control) 8  YWC-CPns
(no organic fertilizer) 33.5 tonnes/ha
1 GMst 7  YWC-CVns
48.5 tonnes/ha 33.5 tonnes/ha

Results and brief discussion

At the start of the experiment, mean values of organic matter turnover rates obtained in previous
experiments were used to determine the level of fertilizer application necessary to keep soil organic matter
at a stable level. Also, a couple of biotic characteristics of the applied fertilizers were determined (table 2).

Table 2. Biotic characteristics of the organic fertilizers applied. GM = goat manure; YWC-IR = Yard
Waste Compost — lersel, YWC-CP = Yard Waste Compost — Compara; YWC-CV = Yard Waste
Compost — Conviro; SMC = Spent Mushroom Compost.

Code Active Total Active fungal | Total fungal Flagellates Amoebae Ciliates
bacterial bacterial biomass biomass (numbers/mg) | (numbers/mg) | (numbers/g)
biomass biomass (Mg/g) (Ha/9)

(Hg/g) (Hg/9)

GM 2783 24,957 9 856 486 972 112

YWC-IR 177 4,844 55 826 9 74 0

YWC-CP 126 2,027 23 926 6 50 0

YWC-CV 189 3,134 51 842 460 460 23

SMC 3 24,978 0 3,121 9,252 4,626 0

Directly after the application of soil steaming (t = 0), the number of bacteria and fungi in the soil has sharply
decreased (table 3). For bacteria, only 11 out of the 26 initially present ladder bands were left directly after
steaming. For fungi, no ladder bands were present after steaming, while before steaming, 10 ladder bands
were present. Soil steaming also had a significant influence on bacterial and fungal populations at later time
intervals. Statistical analysis with canonical correspondence analysis of all analysed soil samples shows that
steaming has a significant effect on both bacterial and fungal populations (figure 1). Steaming resulted in a
lower diversity of bacteria and fungi (number of ladder bands) as well as a lower Shannon-Weaver diversity
index. After four months, the diversity of bacterial and fungal populations was still significantly less
developed in the steamed soil than in the undisturbed soil. Analysis with Canoco at 29-3-2004 (t = 2) shows
a significant effect (P<0.05) of goat manure on bacterial diversity and of spent mushroom compost on fungal
diversity.
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Table 3. Number of bands and Shannon-Weaver diversity index of PCR-DGGE patterns of bacterial
and fungal populations in Control treatment with (Cst) and without application of steaming

(Cns)

bacterial population fungal population
n bands shannon n bands Shannon

time Cns Cst Cns Cst Cns Cst Cns Cst
t=-1 26 26 3.03 3.03 10 7 1.78 1.64
t=0 26 11 2.88 2.20 10 0* 2.02 *
t=1 29 26 3.04 2.89 13 6 1.94 1.48
t=2 25 21 2.88 2.83 8 6 1.89 1.46
t=3 27 23 3.05 2.94 15 6 2.15 1.09

* sample contained not enough fungal DNA

For each moment of sampling, data of microbial biomass and numbers of protozoa and nematodes in the 12
treatments were standardized to the group maximum and compared with TWINSPAN. TWINSPAN
distinguished steamed and unsteamed plots at 2 weeks and 7 weeks after steaming. At the end of the
growing season, TWINSPAN no longer distinguished plots based on steaming. In figure 2, development of
foodweb structures are shown in circle diagrams for all treatments in steamed and unsteamed plots.
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Figure 1. Canonical correspondence analysis of bacterial and fungal PCR-DGGE patterns of all
treatments on 29-3-2004 (t = 2). Arrows with bold text indicate environmental factors (fertilizer
types, steaming); other arrows indicate supplementary factors (soil respiration, active fungal and
bacterial biomass, Meloidogyne, diversity of DGGE ladder bands and various other soil
organisms). Interpretation of the figure is as follows: (A) arrows that point in the same direction
are correlated with each other and (B) longer arrows have a stronger influence. Factors
designated with * have a significant influence (P<0.05) on the bacterial population (left figure) or
fungal population (right figure).
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Figure 2. Foodweb structures in steamed treatments (upper row) and unsteamed treatments (lower
row). Data are standardized to the group maximum and the radius of a circle is a measure of the
relative abundance of the species compared to other time-intervals. The left side of the foodweb
structure shows the bacteria (bact) and bacteria-feeders such as flagellates (flag) and ciliates
(cilia). The right sight shows the fungi (fung) and fungal feeders such as amoebae (amoe). Small
circles inside bact and fung circles indicate the amount of bacteria and fungi active within the
population. At the top right, the plant pathogenic nematodes (Meloidogyne hapla) are shown. T =
-1 (1-12-2003) is the foodweb composition before steaming was applied. T = 0 (16-12-2003) is two
weeks after the moment of steaming. T = 1 (19-1-2003) is 7 weeks after steaming, and 5 weeks
after fertilizer application. T = 4 is at the end of the growing season (28-9-2004).

The t = 0 and t = 1 foodweb structures of the steamed treatments show lower amounts of protozoa as well as
lower amounts of nematodes compared to the unsteamed plots. It may be hypothesized that this foodweb
structure is deprived of the upper layers of the foodweb, and that it will therefore be a less stable system that
may be more vulnerable when plant pathogenic organisms are introduced. Both predators and competitors of
pathogenic species may be absent in such a foodweb. PCR-DGGE analysis showed that the diversity of both
bacteria and fungi was significantly less developed at least until four months after steaming. On the other
hand TWINSPAN analysis showed that at the end of the growing season, no significant differences were
found between steamed and unsteamed treatments regarding abundance of organisms in specified groups.
Diversity within groups (number of bacteria species or fungal species) was however not determined at the
end of the season by PCR-DGGE. Steaming sharply reduced the number of nematodes at the beginning of
the season. This may have stimulated vegetative growth of the sweet pepper crop, which was stronger in the
steamed treatments. At the end of the growing season, slightly more nematodes were present in the steamed
plots than in the unsteamed ones. The result may be due to the abscence of nematodes at the beginning of
the growing season. This in turn may have stimulated stronger root development in the steamed plots, thus
providing a better food source for nematodes afterwards. Soil steaming was not optimized by the farmer, as
the soil was not tilled beforehand. This leads to lower soil temperatures during steaming and may favour the
survival of nematodes in the soil.

Conclusions

The analysis of soil bacterial and fungal populations before and after soil steaming shows that four months
after steaming, there is still a significant effect of steaming on diversity of both bacterial and fungal
populations. After four months, bacterial diversity was significantly more stimulated by goat manure, while
fungal diversity was more stimulated by the application of spent mushroom compost.
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Abstract

A survey about common practice in organic vegetable production was carried out on 100 farms in 2002 and
2003 that ranged from small to big scale vegetable holdings and reflected all important growing regions in
Germany. Aspects of structure and production techniques were considered. Evaluations were made by
categorizing (a) into three regional groups — South (Bavaria and Baden-W(irttemberg) |S|, East (New
Léander) |E| and North/West (other Old Lénder) [NW]| - (b) into seven groups of producer organisations and
(c) into eight groups of cultivation area for vegetables. The visited farms were either pure market gardens or
farms with agricultural and horticultural crops or farms with or without production in greenhouses.

Farms with more UAA were located in |E| and [NW/|. In |S| there was a higher proportion of vegetables in
arable crop rotations. The smaller the farm, the more surface could be found for sheltered production. The
cultivation programmes of field vegetables were based on a high diversity of different species, leaded by
crucifers and umbellifers and legumes, mainly as green manures. Outdoor crop rotations are structured
according to the guidelines of organic cultivation. The N provision of crop growing in greenhouses was
based on the use of farm yard manure or other external N sources. Purchased N fertilizers were partly of
animal-based, partly of crop-based origin. Fertilization of P and Ca was seldom mentioned. Soil analyses
were less made (a) in |E| compared to other regions, (b) in small holdings compared to farms of bigger size.
Low nutrient status’ in soil (class A or B) demand a reconsideration of nutrient management in organic
vegetable production. Applied plant protection products had mainly insecticidal activity. Compared to other
organisations Bioland farms had higher levels of plant protection, related to surface grouping, smaller farms
used more plant strengtheners as supplement to plant protection. Mainly used beneficial organisms were
lacewings and predatory mites, much more in |S| than other regions.

Perspectives for further development of the farms were mainly linked to improvement of equipment, labour
efficiency and marketing. Essential key words were less hand weeding, more efficient working processes
and better connections to other farms for common organisation and marketing. Special wishes to politicians
and administrators were better aids for marketing and less bureaucracy, to producer organisations less
organisations and less fees, to scientists more references to practical issues and more holistic approaches in
running scientific trials for organic agriculture.

Introduction/Problem

In order to update knowledge and facts about the current practice of organic farming in Germany the
German Ministry for Consumer Protection, Nutrition and Agriculture initiated various status quo projects
within the Federal programme Organic Farming. One of the subjects were dedicated to organic vegetable
production. Members of the University of Kassel, Humboldt University of Berlin and Technical University
of Munich carried out a survey that ranges from small to big scale vegetable holdings and reflected all
important growing regions in Germany. Basically aspects of structure and production techniques were
considered (1).

Methodology

A questionnaire was built up out of 25 different thematic fields, i.e. agro-sociological and structural data,
machinery equipment, crops, cultivars & plantlets, cropping systems, rotational design, fertilizer input, plant
protection methods, post harvests aspects, processing & marketing, experiences & expectations,
differentiated into various depths. 100 organic vegetable holdings and organic farms with substantial
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vegetable shares were interviewed during personal visits. All data were transferred into a mysql databank.
Statistical evaluations were mainly done by SPSS.

Results and brief discussion

Off the 100 interviewed farms (see table 1) most of the small holdings were located in the Southern regions
(median: 8,1 ha) whereas the biggest holdings were found in Eastern regions (median: 15,9 ha and 850 ha
maximum).

Table 1: Farm size by region
Region Farms Farmsize (ha)
(No.) Mean Median Min. Max.
South 25 30.6 8.1 0.6 230
North/West 40 38.3 13.2 1.8 205
East 35 108.6 15.9 04 850
Total 100 61.0 12.5 04 850

The opposite is true for the share of outdoor vegetable area related to farmsize within the regions: |S| 60 %,
IN/W| 53 %, |E| 36 %.

Nutrient management continues to be one of the main questions in organic vegetable production. Partially
very low soil nutrient status and the insufficient routine of regular soil analyses (as demanded by the
German declaration of fertilization) indicate the need for intensive training, demonstration and
communication between extension services or other teaching bodies and farmers’ groups (see figure 1).
Mainly East German farmers showed deficits in regular soil status documentations.

[ % Farms ] [l South [] North/West [Jjj East

100

75 A

50 4

25 ~

Figure 1: Soil analyses: Frequency of basic analysis related to regions (outdoor areas

Specifically the application of purchased N fertilizers is a useful indicator for the intensity of the system. 60
% of all purchased fertilizers were N fertilizers; 57 % of which were of plant origin. The coarse meal of
Vicia faba and Rizinus communis were the main components of these crop based fertilizers. Related to
farmsize and organisation, evidently farms with limited surface, in East and North/West up to 10 ha, in
South up to 20 ha, mainly used N fertilizers for the improvement of crop performance (see table 2). Of the
organisations in South and North/West, N fertilizers were mostly used in Bioland farms, distinctly less in
biodynamic farms. In East, due to the high number of Géa farms, the sequence was different: Gda > Bioland
> Demeter.
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Table 2: Application of purchased N fertilizers related to farmsize and organisation
(% Farms per region)

|Area [ ha] South N/ W East Organisation South N /W East
>0-1 10 9 33 Bioland 56 85 29
>1-25 15 23 19 Biopark 0 0 5
>2,5-5 26 19 5 Demeter 36 11 24
>5-10 5 26 24 EU-Farm 0 0 0
>10 - 20 33 3 5 Géa 0 1 43
>20 — 50 0 9 5 Naturland 8 3 0
>50 — 100 10 7 10 Okosiegel 0 0 0
>100 0 4 0

Total 39 74 21 Total 39 74 21

The rotational design in stockless systems is mostly jeopardized in sheltered growing systems. Herein the N
supply by leguminous crops, as can be recognized in outdoor systems (see figure 2), must be nearly
completely replaced by the amendment of organic fertilizers (see figure 3). A similar tendency in outdoor
rotations of very intensive holdings can be partially noticed.

[ % Counts ]
%

40 100
N= 64 18 15 3 2 1
80
30 1
60
20 A 40
10 20
1 0
0+ 0,00 0,00-0,10 0,10-0,20 0,20-0,30 0,30-0,40 >0,40
0% >0-20%  >2040%  >40-60% 60 % [N Legumes [N Non-Legumes ]
Figure 2: Share of legumes in outdoor crop Figure 3: Ratio of legumes to non-legumes in
rotations crop rotations in sheltered production

Plant health and weed regulation are important aspects and greatly determine daily practice. Specific
demands were mentioned for the improvement of existing and the need for new means. Applied plant
protection products had mainly insecticidal activity. Compared to other organisations, Bioland farms had
higher levels of plant protection, related to surface grouping, smaller farms used more plant strengtheners as
supplement to plant protection (see table 3). The beneficial organisms used most were parasitic
hymenopterae and predatory mites, especially in the South due to more area of sheltered production.
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Table 3: Frequency of used plant protection products related to organisations {italic [% Counts per

group]}
Organisation Fungicide Insecticide Molluscicide Total
Bioland 79 62 22 63
Biopark 4 3 0 3
Demeter 0 24 67 23
Géa 14 9 11 10
Naturland 4 1 0 1
Total [N] 28 127 9 164

Market gardens of very limited size live in a conflict of economic pressure and ecological needs for higher
biodiversity. Government incentives are needed to overcome the problem of small scale farming. Equipment
is often old, particularly on holdings smaller than 50 ha (see table 4). On the one hand, it reflects highly
technical knowledge and good skill for maintenance of the machines; on the other it can be understood as an
indicator of the need for substantial investments in the future. Correspondingly, adequate income has to be
ensured for the replacement of old machinery and the reconstruction of old buildings. New sources of
income by CSA-systems or improved models of intensified co-operation between holdings can be relevant
for the survival of small enterprises especially, and were on the list of the practitioner’s expectations for the

future.

Table 4: Age of technical equipment related to farmsize (% counts per farmsize group)
(A) 1-5years, (B) 6-10 years, (C) 11-29 years, (D) >30 years, (E) not determined

Farmsize (A) (B) ©) (D) (E)
<lha 27.1 7.4 10.1 51.6 3.7
1-25ha 13.0 11.0 84 59.1 84
2,5-5ha 16.6 141 10.2 443 147
5-10 ha 24.0 15.3 54 46.3 9.0
10-20 ha 231 15.6 5.3 52.4 3.6
20-50 ha 16.5 12.4 2.1 50.5 18.6
50-100 ha 34.0 239 13.2 27.0 19
>100 ha 375 26.4 111 125 125
Total 21.7 14.5 8.1 46.8 8.8

Perspectives for further development of the farms were mainly linked to improvement of equipment, labour
efficiency and marketing. Essential key words were less hand weeding, more efficient working processes
and better connections to other farms for common organisation and marketing. Special wishes to politicians
and administrators were better aids for marketing and less bureaucracy; to producer organisations less
organisations and less fees; to scientists more references to practical issues and more holistic approaches in
running scientific trials for organic agriculture.

Conclusions

The results demonstrate both weak and strong points in the current practice in organic vegetable production
in Germany. Politicians, farmer’s organisations and scientists, can benefit from the open-mindedness of the
practitioners and use that information tool for further political strategies, organisational aspects and
scientific approaches.
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Abstract

Currently there is a concern over use of agrochemicals, particularly regarding residual effects. Sorghum and
cowpea are staple crops as well as income earners in Uganda, but low yields characterize their output.
Limited research has been done to ameliorate this situation. This study was designed to improve the yields
of intercropped sorghum and cowpea. Treatments included row arrangement (1:1 vs 2:2) and orientation
(north south vs.east west) and pure stands of both cowpea and sorghum. Parameters measured were dry
matter and grain yield of intercrops, solar radiation interception, leaf area index and net benefits accruing
from both intercrops. East west row orientation accesses greater light interception. Staggered row spacing
boosted access to light by the cowpea understorey, leading to improve yield vis-a-vis an alternate row
strategy. Finally, it is economically most beneficial to intercrop sorghum-cowpea in staggered double row
arrangements.

Introduction

Traditionally crop production improvement involved inorganic inputs like fertilizers and insecticides.
Currently, there is a concern over use of agrochemicals particularly regarding residual effects. Therefore
those agronomic manipulations which improve crop performance with little or no addition of external inputs
are preferred.

The importance of sorghum (Sorghum bicolor L. Moench) and cowpea globally are well documented.
Sorghum ranks fifth as a cereal crop and feeds over 500 million people directly or indirectly. Similarly,
cowpea (Vigna unguiculata (L. Walp) is a major crop for millions of people in sub Saharan Africa, Asia and
Oceania (Fery, 2002). This versatile crop is cultivated between 35°N to 30°S where it provides cheap
nutritious food (cowpea grain 23-25% protein, 50-67% starch), animal feeds, groundcover, cash, as well as
being regarded as a fulcrum for sustainable farming. While land devoted to sorghum annually is constant,
production is declining, for instance from 407.000 t in 1978 to 375.000 t in 1992 (Esele, 1995). In addition,
on-farm yield per hectare is very low compared to on-station, 600-800 kg ha-1 and 4,500 kg ha-1,
respectively (Esele, 1988). Sorghum is commonly intercropped with crops such as common beans
(Phaseolus vulgaris L) and cowpea. However, the optimum sorghum-cowpea mixture has not been
established. The emphasis of this research is to increase sorghum cowpea intercrop yield by manipulating
row arrangement and orientation.

Methodology

The study was conducted on-station in Soroti, Uganda for two rainy seasons (2001B and 2002A). The area
is located between 1°30' N and 33° 30' E. The district experiences bimodal rainfall (March-July and
September-November). The mean annual rainfall is approximately 1000 mm and the mean annual
temperature ranges from 16-30°C.

Physiographically, the region has gentle slope (<2%). The soils are light textured, ranging from sandy to
sandy loam, low in N, available P and organic matter. Each site was sampled at 0-20 and 20-30 cm before
establishing the experiment, and characterized for both physical and chemical properties using the
procedures described by Okalebo et al., 2002.

The treatments comprised of (i) pure stands of sorghum and cowpea (ii) two row arrangements alternating
rows (1row of sorghum: 1 row of cowpea, and 2 rows of sorghum: 2 rows of cowpea) (iii) row orientation,
east-west (EW) and north-south (NS) laid out in a randomized complete block design (RCBD). The

page 168 ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005



treatments were replicated three times per farmer in each district. Sekedo was the sorghum cultivar used in
the study. This cultivar is a recent release by the National Agricultural Research Organisation (NARO). It
matures in 105 days. The large eye (Ebelat) cowpea variety was used. The variety matures in 90-100 days
and yields up to 2,000 kg ha™. Plant spacing was 60 cm by 20 cm for both intercrop component and pure
stand/control. The experimental seeds were obtained from the (Serere Agricultural and Animal Research
Institute (SAARI) seed section, already treated with pesticides against soil born diseases and insects. The
experiment was maintained using recommended agronomic practices (weeding, thinning and pest control).
Cowpea pests were controlled by hand picking. Sorghum smut affected plants were rogued out. Avian pests
for both intercrops were controlled using audio-radio tapes stretched across the entire site. The tapes
produced sound from blowing winds and their black glittering nature led to a snake like appearance, which
deterred the birds. Furthermore, human guards scared thieves, monkeys and squirrels.

All the costs involved in the experiment were recorded for purposes of net benefit analysis. Similarly, farm-
gate price for the grain of each crop species were obtained both immediately after harvesting when the
prices were low and during dry seasons when prices were highest. The two extreme prices were averaged to
obtain the values used in the economic assessment. The costs of production and selling prices were
monitored over a period of 6 months (November 2002- March, 2003).

Plant parameter assessed included (i) sorghum and cowpea dry matter yield (DMY) (ii) sorghum and
cowpea grain yield (iii) solar radiation interception (measured using a digital light sensor), Leaf area index
(LAI) and (iv) economics using the formulae; Net benefits = (Y * P) - CV

Where: Y = Yield
P = farm gate price for the product
CV = cost that vary

Results and discussion

Soil pH values, Kjeldhal N and available P (Bray 1) were generally favourable for crop production. Cowpea
intercrop significantly (p<0.05) influenced sorghum DMY at 105 days after planting (DAP). Cowpea
suppressed sorghum DMY by up to 63% and grain yield by 17%. These results suggest aggressive
competition between the sorghum-cowpea intercrop. It is important that the root architecture of the two
crops is clearly understood in order to elucidate the lack of compatibility between sorghum and cowpea as
intercrops. Sorghum is thought to root deeply and explore both top and sub-soil layers. Similarly, cowpea is
thought to exploit both the top and sub-soil layers. Total overlap in rooting systems of sorghum and cowpea
is likely to have given sorghum in the sorghum mono cropping a yield advantage over sorghum-cowpea
intercrop. These postulations exclude allelopathetic interactions between sorghum and cowpea. Further
investigation is needed.

Possibly, too, sorghum yield reduction could result from cowpea light interception. Cowpea lost its bush
type (determinateness) especially in the alternating single rows in the EW orientation. Ebelat, the cowpea
variety used, is typically determinate (bush type). This could have affected the photosynthetic capacity of
sorghum plants and subsequently their yield. Determinateness (bush type) of crops often breaks down when
plants are denied adequate access to solar radiation.

Row orientation had a significant (p<0.05) effect on cowpea LAI, with N-S having 2.8 and E-W. This has
obvious implications on the photosynthetic machinery and eventually crop yields. Light interception by the
cowpea understorey was greater (p<0.05) in the E-W row orientation diurnally. Light interception ranged
from 60% at sunrise to 43% at sunset. In contrast, for the N-S orientation, the range was almost 0% at
sunrise and 3% at sunset. Furthermore, all treatment combinations attained a maximum of 78% at 12.00hrs
(noon). Orienting cowpea intercrop rows E-W maintained near ambient incident light levels throughout the
day, with slightly pronounced deviations before and after mid-day. Understorey light interception values
were consistently less than that of the above storey intercepted light.

In the N-S row orientation cowpea crept and quickly fused its canopy with that of sorghum. This likely led
to cowpea self-shading as well as shading of sorghum. Consequently, this possibly affected the yield
performance of both intercrop components.
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Sorghum-cowpea rows oriented N-S suppressed cowpea DMY by 54% relative to the control while rows
oriented E-W suppressed DMY by 56%. Cowpea, it appears the supposedly understorey (cowpea) in the N-
S rows had greater solar radiation utilisation than did the E-W oriented rows. This could be attributed again
to the extensively induced indeterminateness in otherwise sorghum shade affected cowpea plants in the early
stages of growth. Nevertheless, because cowpea DMY was less in the intercrop than in the pure stand, it is
apparent that intercropped cowpea still suffered some stress due to resource inadequacy. Therefore, below-
ground competition for resources by both inter- and intra-species is likely to abound.

Cowpea grain yield was not significantly (p>0.05) influenced by row orientation, although the north-south
rows yielded 983 kg ha™, while, east-west 1,107 kg ha™. On the other hand, cowpea grain yield of alternate
single rows was barely 30% of the staggered double rows (567 and 1,523 kg ha™, respectively).

Generally, alternating single rows gave less net benefit than staggered double rows, in sorghum-cowpea
intercrop. The net benefits were $525, 455, 571, 577, 349 and 407 for alternate N-S, E-W, staggered N-S, E-
W and monocropped cowpea and sorghum, respectively. On the other hand, the staggered rows oriented
either N-S or E-W gave the same range of revenue. The highest benefit accruing from staggering double
rows of sorghum-cowpea intercrop could be associated with higher grain yield of both intercrop
components. The sorghum-cowpea intercrop staggered double rows are associated with higher solar
radiation capture and intercrop performance.

The opportunity cost of growing cowpea monocrop or intercropping it with the sorghum was more or less
the same. Therefore, the decision by a farmer to grow either cowpea monocrop or sorghum-cowpea
intercrop should be based on non- monetary benefits. Generally, the experimental results were in agreement
with Ahmed and Raos' (1982) findings, which showed that intercropping increased the monetary return
when soybean was intercropped with maize in Hawaii.

Conclusions

Generally, access to light is greater for rows oriented E-W than N-S. Staggered rows in the form of 2:2
greatly boosted access to light by an cowpea understorey crop. Increased shading by an upper storey forces
Ebalat cowpea in alternate single rows to lose its bush nature and to intertwine and affect the performance
of sorghum. Finally, it is economically more beneficial to intercrop sorghum-cowpea in staggered row
arrangements
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Abstract

An experiment at the University experimental station at Cabudare, Venezuela compared six fertilization
regimes in three onion (Allium cepa L.) production systems (two organic (OS), two integrated (IS) and two
conventional (CS) systems), for their effects on crop growth, productivity, and soil properties. Fertilization
regimes (two per system) consisted of (i) 3 Mg ha™ sugarcane filtercake compost (fc) (OSfc), (ii) 3 Mg ha™
chicken manure compost (chm) (OSchm), (iii) 0.6 Mg ha™ mineral compound fertilizer (mf) (CSmf), (iv)
without any fertilizer (nf) (CSnf), (v) mf + chm (ISchm), and (vi) mf + chm + fc (ISchmfc). Additionally,
farming systems included nonchemical (OS), chemical (CS) and integrated pest management. Results
indicated that the onion growth and productivity was higher from plots managed under integrated systems
(mainly 1Schm). However, when comparing the effect on soil properties, differences were not found. The
organic onion production in the semiarid area was highly productive during the dry season studied

Introduction

In the tropics, onion is generally the second most important vegetable crop after tomato. The world’s
semiarid lands are a major resource for expanding food production in tropical countries as a result of their
long growing seasons and the opportunities for multiple cropping associated with them, provided water is
available (Ramirez et al., 1999). Short-day onions have been introduced to semi-arid environments in the
last five decades and have become important crops in some tropical countries including Nigeria, Niger,
Brazil and Venezuela. However, during this period in Venezuela, only conventional production systems
have been used, relying on synthetic chemicals for pest control and fertilization. Most areas with semiarid
ecosystems are undergoing degradation mainly due to the agricultural production systems applied.
Consequently, political, economic and resource base pressures on farmers have increased, and many
growers are considering changing from conventional to low-input (reduced use of fertilizers and pesticides)
or organic farming systems which use no synthetic fertilizers or pesticides (Colla et al. 2002). Organic
farming is often suggested as a remedy to address farmers’ problems in developing countries. However,
little hard evidence is available on the comparative performance of organic versus conventional farming
techniques (van der Werf et al., 1997). As there is little reported research about organic onion cultivation
under tropical conditions in general, or in Venezuela specifically, this study was done to compare the effect
of six fertilization regimes under three production systems on the onion growth and yield and some soil
properties.

Methodology

The experiment was carried out under tropical field conditions at the experimental station in Lara State,
Venezuela (10° 2’ N, 60° 16” W, 510 masl). The climate is semiarid with mean annual temperature of 25 °C,
rainfall of 500 mm and potential evaporation of over 3000 mm. A representative sandy clay loam soil was
used. The 0-20 cm layer had 21 mg kg™ P, 75 mg kg™ K, 105 mg kg™ Mg, over 3000 mg kg™ Caand 2.3 g
kg™ organic matter with a pH of 7.2.

Forty-two day old seedlings of the short day onion hybrid cv. Century (Seminis Seed, USA) were
transplanted in January 2004 (dry season) for studies on onion growth and soil properties under three
production systems including six fertilization regimes. Treatments consisted of (i) 3 Mg ha® sugarcane
filtercake compost (fc) (OSfc), (ii) 3 Mg ha™ chicken manure compost (chm) (OSchm), (iii) 0.6 Mg ha™
mineral fertilizer (mf) (CSmf), (iv) without any fertilizer (nf) (CSnf), (v) mf + chm (ISchm), and (vi) mf +
chm + fc (ISchmfc). All fertilizers (Table 1) were incorporated 5 days before transplanting. The experiment
was drip irrigated, and and used either nonchemical (OS, mechanical weeding, mulching, plant extracts),
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chemical (CS) or integrated pest management. Treatments were compared using a randomized complete
block design with four replications. Each plot was 20 m x 1.5 m.

Table 1. Nutrient content of fertilizers and some other fertilizer properties.

Fertilizer N (%) P (%) K (%) Ca (%) Mg (%) Cu (ppm) Zn (ppm)
Chm compost 29 1.6 3.1 4 0.7 197 488
Fc compost 0.9 0.6 2.9 2.1 0.4 33 152
Mineral 12 5.2 14.2 - - - -
Fe (ppm) Mn (ppm) B (ppm) Na (%) pH EC (dSm?)  Bulk density (Mg m®) |
Chm compost 5121 639 72 0.6 7.2 144 0.87
Fc compost 4596 459 9 0.1 6.7 3.2 0.92

Chm: chicken manure, Fc: Sugarcane filtercake and Mineral: compound fertilizer applied at the doses of 0.6 Mg ha-1.

Growth was assessed from a sample of ten plants per plot, which were harvested and washed with tap water
at 25, 40, 47, 67, 82 and 90 days after transplanting (dat). Bulb and neck diameter, number of green leaves,
leaf area, plant (bulb and leaves), fresh and dry weights and mineral content of leaves (only at 67 dat) were
determined. Additionally, bulbing ratio (BR) was calculated as the ratio of the maximum bulb diameter to
the minimum pseudostem (neck) diameter. Plants were harvested (90 dat) and yields determined from the 4
central rows (2 m long) of each plot.

Five days after harvesting, soil samples taken from each plot were air-dried and sieved (2mm) for
subsequent analyses. Tissue and soil analyses followed standard methodologies (Allen, 1989).

Results and discussion
Onion growth and productivity:

Onion bulb growth and productivity responded to all the fertilization plans and production systems
evaluated: the integrated fertilization plan (mineral fertilizer and chicken manure compost, ISchm)
treatment produced the best results. Table 2 shows the effects of fertilization on some of the growth
characteristics at some of the sampling dates. At 67 dat, leaf fresh weight (Lfw) from onion plants fertilized
with the mineral compound fertilizer (CSmf) and chicken manure compost (OSchm) were greater than those
from plants given no fertilizer. Bulb fresh weight for plants receiving organic and mineral fertilizers was
significantly higher than those plants receiving no fertilizer at 67, 82 and 90 dat. Additionally, bulb dry
weight was significantly higher in plants from ISchmfc (67 dat) and 1Schm (82 dat) than from all the plants
with mineral, organic (filtercake) and no fertilization. There were no significant differences in bulb and neck
diameters (BD, ND), number of green leaves (Ln), leaf area (LA) and BR among the fertilization treatments.
Increased plant biomass was attributed to enhanced soil fertility (better nutrients availability) and improved
soil physical condition. Inorganic fertilizers are very advantageous compared with manure; they are
concentrated forms of soil nutrients, which can be transported much more readily than can manure, but
inorganic fertilizers also has the disadvantages of, for example, potentially causing acidification or salinity.
However, this effect can be counteracted if smaller quantities of inorganic fertilizers are used in combination
with manure (Harry, 2002). These experimental results are comparable to those of Matsi et al. (2003) who
found that applications of liquid cattle manure and mineral fertilizers resulted in a significant increase in dry
biomass at two growth stages and in a grain yield and nutrient uptake of winter wheat growing on a
calcareous loam soil of Greece. Our experiment showed that bulbing began from 40 to 43 days after
transplanting. Similar observations were reported by Wickramasinghe et al. (2000) and Ramirez-Guerrero
(2002) in tropical onions. Knowledge of the development cycle of a vegetable and the practical key stages is
a very important tool for the timing of the application of cultural (irrigation and fertilization) and
agrochemical treatments.
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Table 2. Effects of 6 fertilizers and 3 production systems on onion growth, leaf analysis and yield.

Dat |Fertilizer and Lfw Bfw Bdw K Mg Na Yields
production system (g10pl")  (g10pl*) (g 10pl? (%) (%) (%) (kg ha™)
None (CSnf) 158 b 455 b 36¢C 28lc 0.33a 02la -
Mineral f. (CSmf) 227 ab 614 ab 46 bc 3.42 abc 0.24 bc 0.09¢ -

67 [1Schm 307a 779 ab 59 ab 4.03a 0.25 bc 0.10 be -
I1Schmfc 233 ab 89la 70a 3.84 ab 0.22¢c 0.12 be -
Filtercake (OSfc) 245 ab 623 ab 47 be 3.16 bc 0.28b 0.11 bc -
Chicken m. (OSchm) 275a 725 ab 56 abc 4.03a 0.24 bc 0.17 ab -
None (CSnf) 209 792 b 53¢ - - - -
Mineral f. (CSmf) 190 1158 ab 80 ab - - - -

82 1Schm 213 1349 a 96 a - - - -
I1Schmfc 164 1213 ab 85ab - - - -
Filtercake (OSfc) 197 1052 ab 76 b - - - -
Chicken m. (OSchm) 194 1094 ab 80 ab - - - -
None (CSnf) 117 913 ¢ 66 - - - 16519 b
Mineral f. (CSmf) 126 1105 abc 78 - - - 15877 b

90 [I1Schm 114 1128 abc 86 - - - 20320 a
ISchmfc 107 1417 a 98 - - - 17061 ab
Filtercake (OSfc) 132 995 bc 69 - - - 16519 b
Chicken m. (OSchm) 110 1268 ab 87 - - 16309 b

Means followed by the same letter are not significantly different by Duncan test at the 0.05 level. dat: days after transplant,
Bfw and Lfw: bulb and leaf fresh weights respectively, Bdw: bulb dry weight. CSnf: without any fertilizer, CSmf: 0.6 Mg
ha-1 mineral compound fertilizer, ISchm: mf + chm, ISchmfc: mf + chm + fc, OSfc: 3 Mg ha-1 sugarcane filtercake
compost and OSchm: 3 Mg ha-1 chicken manure compost. CS, IS and OS: conventional, integrated and organic system
respectively.

Fertilizers and production systems both influenced K, Mg and Na concentrations in onion leaves (Table 2),
but there were no significant effects on N, P, Ca or micronutrient (Cu, Zn, Fe, Mn and B) concentrations.
Chicken manure compost either alone or with mineral fertilizer, and sugarcane filtercake compost,
significantly increased K uptake by onion. No fertilizer resulted increased Mg and Na concentrations in
leaves. The greater K uptake by plants receiving chicken manure could be attributed to a much higher K
content of this fertilizer (Table 1). Van Quyen and Sharma, (2003) and Matsi et al. (2003) also found that K
concentration in rice and wheat straw was increased by organic (farmyard manure) and mineral fertilizers.
Regarding Mg and Na contents, various authors (Ruiz et al. 1999) have found that increasing K
concentration in the soil solution can decrease other cation concentrations in the plant tissue (such as Ca, Mg
and Na). Ramirez-Guerrero, (2002) working with short-day onions under similar semiarid tropical
conditions also found this antagonistic effect between K and the cations Mg and Na. Onion yields were
affected by fertilization regime and production system. Bulb yields of plants receiving chicken manure and
mineral fertilization under an integrated production system were greater than from plants receiving no
fertilizer or sugarcane filtercake compost and chicken manure alone. The combination of chicken manure
compost and mineral fertilizer may be a good fertilization practice, in addition to integrated pest
management. Several other studies show crop yields were increased by organic and mineral fertilizers and
their combination (Maynard and Hill, 2000; Wells et al., 2000; Bulluck et al., 2002; Matsi et al., 2003).
Soil properties:

Treatments did not significantly affect pH, electrical conductivity, organic matter content, K, P, Ca and Mg
content, bulk density or hydraulic conductivity. Other authors have reported that organic practices change
most soil characteristics. However, all these responses have been associated with high application rates over
long periods of time. For example, long term vegetable crop production trials by Bulluck et al., (2002),
Colla et al., (2002), and Wells et al., (2000) did not find any effect of fertilization and production systems
on the soil properties studied in the first years of the trials.
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Conclusions

Onion bulb growth and productivity in the semiarid tropics may be affected by fertilization regime and
production system. Chicken manure compost improved growth, nutrition and productivity, so using this
fertilizer alone and in combination with other organic or mineral fertilizers could potentially be a good
practice under our climatic conditions. Organic onion production in semiarid areas has great potential for
good productivity during the tropical dry season. Further short-term experiments and a long-term
experiment should be carried out to clarify residual and beneficial effects from the cultivation systems
compared (mainly organic fertilization) on the soil quality.
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Abstract

In order to assess the effectiveness of botanical plant material use in reducing cabbage aphid population
(Brevicoryne brassicae), an experiment was conducted in the research command area of Ecological Service
Centre at Devghat-9, Gaight, Tanahun during the winter of 2001/2002. Two levels of concentration, 1:5 and
1:10, from the fresh green leaves of Bakaino (Melia azedarach L.), were applied to the aphid population in
cabbage at five and ten days intervals. The result indicated that the 1:5 concentrated solution of Bakaino
(Melia azedarach L.) extract at five day intervals was most effective in lowering the aphid population and
scale of leaf damage as compared to other treatments. Even the 1:10 concentration sprayed at the shorter
period of interval was found to be effective. Similarly, the research indicated that both concentration of plant
extract and spraying interval are equally important for effective pest management, indicating the possibility
of using botanical plant materials in the development of organic insect pest management methods in
vegetables.

Introduction

Pests (including insects, diseases, weeds, rodents, and mites) are the major biotic constraints to increasing
agricultural production. According to one estimate, the loss due to pests (insect pests and diseases) ranges
from 30-35% (G. C. and Ranabhat, 2001). Application of pesticides to control pests has disturbed the natural
balance, caused monetary losses through the need for more pesticide purchases. This in turn has led to
further outbreaks of secondary pests and increasing concern about environmental hazards. Pesticides are
responsible for some 20,000 accidental deaths each year, and 200,000 suicide deaths, according to the World
Health Organisation (WHO). They also account for about three million cases of acute poisoning each year
(John, 2002).

Nepal is rich in botanical diversity and there are many indigenous plants of pesticidal value (Regmi and
Karna, 1988). Their use against insect pests and diseases is an age-old practice, where more than 50 species
of plants have been used in Nepal (Gyawali, 1993). An indigenous weed such as Chenopodium botrys L.
used against the potato tuber moth has been found as effective as modern insecticide (Fenvelerate 0.02%)
and even superior to Pyrethrum sp. (0.2%) (Pradhan, 1988). Farmers use Euphorbia pulcherrima W. to
control weevils in cereals (Sahu, 1997). It is also reported that the majority (>70%) of farmers use wood ash
for disease and pest control in the western hills of Nepal (Lohar and Budhathoki, 1992). Other plant
materials like neem (Azadirachta indica A. Zuss.), marigold (Tagetes minuta L.), and titepati (Artemisia
vulgaris L.) are popular for their pesticidal value against different types of pests. Application of twigs and
leaves of "khirro" (Sapium insigne) and titepati (Artemisia vulgaris L.) were found effective in lowering the
effects of red ant while planting potato inside the furrow (GC et. al., 1997). Similarly, the extract prepared
from parts of the sisnu (Urtica dioca L.) plants and fruits of timur (Zanthoxylum armatum DC.) is used to
control many kinds of chewing, biting and cutting insects, like the larvae of cabbage butterfly, hairy caterpillars,
cut worms, red ants and termites (Budhathoki et al., 1993). Garlic clove extract and kerosene are also used for
caterpillars, cutworms and aphids in many vegetable crops.

Botanical pesticides are attractive alternatives to chemicals for a variety of reasons, most significantly
because most of the solely chemical-based technologies are likely to have limited worth, as insects build up
resistance after a few years. By contrast, the use of natural resources is more sustainable and cost effective,
as there is less chance of resistance build-up by the pests. The strategy seems more stable and sustainable
from the technical, ecological, economical and environmental viewpoint. However, the efficacy of these
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materials, possible changes during storage, optimum extraction methods and chemical composition are yet
to be studied to a greater depth. Therefore, systematic research on these aspects is urgently needed.

Among the plant species used for crop protection purposes, Melia azedarach is one of the most popular.
Melia azedarach is a moderate sized deciduous tree. It grows to a height of 9-12 metres. The bark is dark
grey having shallow longitudinal furrows. Leaves are bipinnate or occasionally tripinnate with ovate or
lanceolate, serrate leaflets. Flowers are lilac and fragrant. The fruits are ellipsoid globose having 4-5 seeds.
It is grown on the plains as well as hilly areas of Nepal as firewood and fodder. It has a spreading crown. It
can tolerate a colder climate than Neem (Azadiracta indica). In coffee plantations it can be grown for shade.
It flowers during hot weather and the fruit ripens during the cold weather. The plant freely regenerates from
seeds during the rainy season.

In the current scenario, farmers are looking for effective, economically viable, safe and ecologically friendly
alternatives to chemical pesticides. These alternatives in the form of plants are available in every village.
But the most effective plant parts, its methods of preparation, accurate doses (concentration) and interval of
spraying for effective pest management still need to be identified through farm level research.

This research was conducted to collect information on different pesticidal plants, identify the most common
and locally available pesticidal plants, select effective plant parts and develop effective methods for
preparation of plant extracts, its dose (concentration) and interval of spraying to insect pests of vegetables.
This would help researchers to develop effective methodologies and procedures especially in the area of
organic pest management. Development of effective organic insect pests management method and adoption
of this technology in farmers' fields will improve the economic condition and social value of farmers. It is
particularly important to farmers who have small land holdings from which they generate cash income. New
technology would reduce the losses that result from the outbreak of insect pests and would also decrease the
investment in chemical pesticides. The research outcome would have positive impacts on the environment
by reducing the use of chemical pesticides, help maintain biodiversity, and conserve plant species for their
pesticidal value.

Methodology

Cabbage seedlings (var. Green Stone) were planted at a distance of 45 x 60 cm (row to row and plant to
plant) applying farmyard organic manure and other cultural practices. No external input, such as chemical
fertilisers and pesticides, were applied during the crop life. Immediately after transplanting they were caged
in with the nylon nets, ensuring whole plot coverage. A total of twelve seedlings were planted in a plot and
altogether there were five plots in a replication. Aphid (Brevicoryne brassicae) of the same age, 50 per
plant, were inoculated and allowed to feed on the plant parts.

The experiment was conducted in a Randomised Complete Block Design (RCBD) with five treatments and
three replications. The treatments used in the experiments were different concentrations of leaf of Bakaino
(Melia azedarach L.) crude extract diluted with different proportion of water and spraying schedules.

For the preparation of plant extracts, fresh green leaves of Bakaino (Melia azedarach L.) were collected and
the primary solution was prepared with one kg of plant leaves by pulverising them over a stone grinder.
Upon getting the slurry, the same amount of water (that is, one litre) was added and the slurry was screened
through thin muslin cloth. Since boiling reduces the chemical content of plant extract, cold water was used
for the preparation of the primary solution and also for its dilution.

The crude extract (i.e. primary solution) was diluted in two different concentrations, 1:5 and 1:10, with
water and two different spraying schedules were implemented: 5 and 10 days intervals. The treatments were
arranged into factorial combination such as T1= 1:5 concentration at 5 days spraying interval, T2= 1:5
concentration after 10 days spraying interval, T3=1:10 concentration at 5 days spraying interval, T4=1:10
concentration at 10 days interval and control (water application). The effect of botanical materials was
recorded every day of spraying. Biological information such as number of insects per plot, number of dead
insects per plant, scale of damage and total marketable yields were taken.
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Randomisation in RCBD with 5 Treatments and 3 Blocks (Replications)

Block 1 T3 T5 T2 T4 Tl
Block 2 T2 T3 T1 T5 T4
Block 3 T4 Tl T5 T3 T2

Field layout and assignment of blocks and treatments

The insects were reared on the cabbage in the un-caged plots nearby the experimental plots. They were then
transferred into the experimental plots and allowed to feed on the caged cabbage plants. The insect pests
were also counted at the end of the experiment. While doing so, the active insects were counted. The
effectiveness of plant materials was assessed in the percentage of leaf damage using a scale of 1-5 in
descending order. Recorded parameters were analysed using MSTAT-C software.

Results and brief discussion

The summary of recorded observations with related statistical parameters is presented in Table 1.

Table 1. Efficacy of Bakaino (Melia. azedarach) to the cabbage aphid (Brevicorynae brassicae) in
Gaighat, Tanahun, during the winter of 2001/2002 (Mean of three replications)

Treatment Treatments No. of insect No. of dead Leaf damage (1- | Marketable yield t/ha
number released / plant insect/plant 5 scale)

Tl 1:5, 5 days 50 25 1.43 7.51

T2 1:5, 10 days 50 19 1.58 7.90

T3 1:10, 5 days 50 17 1.63 7.66

T4 1:10,10 days 50 15 2.75 7.33

T5 Control 50 12 3.53 343

Analysis of VVariance
Marketable yield of cabbage (ton/hac.)

Source of Degree of Sum of Square Mean Square Computed F- Tabular F-value
Variance Freedom value (5%)
Blocks 2 0.60 0.30 6* 4.46
Treatments 4 42.25 10.56 211.2** 3.84
Error 8 0.40 0.05

Total 14 43.25

Although treatments from T1 to T4 were found to be insignificant, these treatments were highly significant
with control (P< 0.05) in terms of marketable yield of cabbage. However, fewer insects were found in
treatments 1 to 3 compared to more diluted crude materials and water spraying.

This research found that 1:5 concentration of plant extract and five days interval of spraying was most
effective in reducing the number of insects (aphids) and the scale of leaf damage. Similarly, 1:5
concentration with ten days interval of spraying and 1:10 concentration with five days interval were found to
be quite similar in effectiveness in order to control the number of insects and scale of leaf damage. From
these observations, it is clear that both concentration of plant extract and spraying interval are equally
important for the effective management of insect pests in vegetables.

Similarly, the control plot resulted in very low marketable head yield compared to the treated plots.
However, there is no correlation observed with the percent leaf damage with that of total marketable yield as
shown in the four treatments. The result has indicated the need for further verification of the experiment
using different types of insect pests.
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Conclusion

In general, Bakaino (Melia azedarach) possess growth inhibitors to the sucking types of insects to some
extent. All the treatments resulted in some sort of effect on the normal development of the aphid and scale of
leaf damage. However, more concentrated crude plant material spraying in short duration showed more
promising results. Bakaino (Melia azedarach) was identified as a good indigenous plant material, having
pesticidal properties under field conditions. However with the use of such materials, the insect nymphs and
adults may not be killed instantly as with insecticide, but normal development may be interrupted. This
could be one the reasons for the better yield. This experiment has indicated the possibility of using plant
materials against sucking types of insect pests. It has also shown potential as a suitable component of
organic pest management.
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Abstract

Four old and endangered tomato cultivars were cultivated under greenhouse conditions with different levels
of organic N-fertilisation and harvest at different maturity stages in order to develop a conclusive concept to
preserve the diversity of old, endangered and multicolour cultivars. First results of several physio-chemical
and sensory parameters were analysed to describe product quality. In order to assess consumer acceptance,
550 consumers were interviewed. The individual attributes of the cultivars, which differ in size, shape,
colour, taste and health-related, beneficial physio-chemicals, are promoted by optimal harvest time. A
combination of these cultivars distributed in regional markets is considered as a suitable concept for saving
these endangered cultivars.

Introduction

Tomato (Lycopersicon esculentum Mill.) is one of the most commonly grown vegetables in the world.
About 14.4 kg are consumed in German households per year (Statistisches Bundesamt, 1998). Red, round
and firm cultivars dominate in mainstream production, and farmer-designed diversity is low. There has been
a continuous genetic erosion of agricultural crops in the last few decades. Due to inappropriate management
practices and exploitation of old and valuable genetic resources, development of hybrid cultivars to obtain
early and remunerative returns is necessary. Undoubtedly, modern hybrid cultivars are uniform in colour
and shape and have a longer shelf-life, yet they often have a poor taste. Preserving the diversity of old,
endangered, multicolour cultivars rich in flavour and taste for the consumers will definitely help conserving
the biodiversity of the tomato crop (KOPKE, 2003). Since the shelf-life of these cultivars is often limited
when the optimal ripening stage is used for harvest, short distribution distances might help to give these
endangered cultivars a chance in regional markets.

Methodology

Four tomato cultivars were selected from a large collection of endangered old genotypes. The cultivars
Ananas, Auriga, Green Zebra and Lukullus were cultivated under organic conditions in a greenhouse
experiment at the organic research farm 'Wiesengut' in North-Rhine Westphalia, Germany (50°48°N,
7°17°0) in 2004. The experiment was arranged in a three-factorial split plot design with four replications.
Plot size was 8 x 5.6 m (44.8 m?) with 2.5 plants m. Treatment factors were cultivar, organic fertiliser level
(zero and 100 kg N/ha horn splinter) and harvest time [two different ripening stages, early (comparable with
colour no. 8; The Greenery, 2004) and optimum harvest time (comparable with colour no. 12; The Greenery,
2004)]. All cultivars differed in colour, shape, size and maturity. Seven tomatoes (three from Ananas) of
each variety were analysed to describe general physio-chemical parameters, viz. fruit size, shape, colour,
average fruit weight, firmness, acidity (by titration), sugar content (enzymatic with test kit) and phyto-
chemicals [ascorbic acid (enzymatic with test kit); lutein, chlorophyll b, B-carotene and lycopene (HPLC)].
In order to describe the taste of the cultivars, customer preference was assessed by interviewing more than
550 consumers using a questionnaire (by semantic differential). Results from chemical analyse were
evaluated by analysis of variance (ANOVA, p<0.05) using SAS 9.1 for Windows. The significant
differences in the analytical data were calculated with the Tukey HSD test (a. = 5 %).
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Results and brief discussion
Ascorbic acid and carotenoids

The red- and orange-coloured cultivars Lukullus and Auriga had a high concentration of ascorbic acid (23
and 21.9 mg 100 g%, respectively) compared with the yellow and green cvs. Ananas and Green Zebra (15.1
and 11.3 mg 100 g 7, respectively) (Table 1). Optimal harvest time gave a higher vitamin C content
compared with early harvest. Increased organic nitrogen fertilisation had no influence on vitamin C content,
confirming other results where increased levels of N-fertilisation were shown to have no effect or to
decrease the vitamin C content of many fruits and vegetables (Kdpke, 2005).

The highest concentrations of chlorophyll b and lycopene were found in Lukullus, while Auriga had the
highest concentration of B-carotene. No B-carotene or lycopene was detected in Green Zebra. Nitrogen
fertilisation had no significant influence on chlorophyll b and B-carotene, whereas lycopene content was
significantly increased by organic N-fertilisation. No significant interactions between the experimental
factors and ascorbic acid or carotenoid content were noted.

Table 1: Effect of cultivars, harvest time and organic N-fertilisation on ascorbic acid and carotenoids
(lutein, chlorophyll b, R-carotene and lycopene) content of tomatoes (mg 100g*FM). (Tukey-test)

Phytochemicals
Treatments Ascorbic Acid| Lutein  Chlorophyll b R-carotene Lycopene
Ananas 15.1b 0.0a 0.0b 0.4c 20b
Auriga 219a 0.0a 0.2c 48a 12c
Green Zebra 11.3¢c 0.la 0.4b 0.0d 0.0d
Lukullus 230a 0.la 05a 0.8b 89a
with fertilizer 180a 0.1la 0.3a 15a 33a
without fertilizer 174 a 0.la 0.2a 15a 29b
early harvest 16.9b
optimum harvest 186 a Only optimal harvested tomatoes were analysed

Citric acid and sugar content

The citric acid concentration of the four cultivars showed a large variation and was significantly different
(Table 2). Auriga had the highest concentration (0.48 g 100g™) followed by Green Zebra (0.43 g 100g™),
while Lukullus and Ananas exhibited a lower citric acid content (0.25 and 0.20 g 100g™). The average
content of citric acid given in the literature is 0.44 g 100g™ (Souci et al., 1994). Neither organic N-
fertilisation nor harvest time resulted in significant influence on citric acid. No significant interactions
between the experimental factors were observed for citric acid content.

Table 2: Effect of cultivars and different harvest times on the citric acid and sugar (glucose, fructose,
total) content of tomatoes (g 100g'FM). (Tukey-test)

Ingredients
Treatments Citric Acid Glucose Fructose Total Sugar
Ananas 0.20d 3.25a 391la 7.15a
Auriga 0.48 a 1.25¢c 1.90b 3.15¢
Green Zebra 0.43b 1.54 bc 1.71b 3.25¢
Lukullus 0.25¢ 1.88b 1.97b 3.85b
with fertilizer 0.34a 197 a 2.37a 434 a
without fertilizer 0.34a 199a 2.39a 435a
optimal harvest 0.33a 20la 2.56 a 4.65a
early harvest 0.34a 184a 2.18b 4.05a

The cultivar Ananas had the highest glucose content (3.25 g 100g™). The other three cultivars had a lower
concentration, whilst Lukullus (1.88 g 100g™*) showed a significant difference to Auriga (1.25 g 100g™) but
not to Green Zebra (1.54 g 100g™). The harvest time had no influence on glucose content. A similar result
was gained for the fructose content. The cultivar Ananas had the highest fructose concentration (3.91 g
100g™) while Lukullus, Auriga and Green Zebra had lower contents and were not significantly different
(1.97 g 1009, 1.90 g 100g™and 1.71 g 100g™?, respectively). The sugar content of these three cultivars is
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comparable with results from Auerwald et al. (1999). Whether the high sugar content of Ananas can be
confirmed will be shown in the following trials. One possible reason could be the high share of pericarp in
this cultivar, because the sugar content of the pericarp is higher compared with that of the lucolar (Winsor et
al., 1962; Stevens et al., 1977). In contrast to the results determinated for glucose, the optimal harvest gave a
higher fructose content compared with early harvest. This difference is attributed to the high fructose
content in Ananas, where the optimal harvest (4.66 g 100g™) is significant to the early harvest (3.16 g
100g™). The other three cultivars did not differ significantly.

Consumer survey

The cultivar Ananas was characterised as a sweet and smooth tomato with an appealing appearance. The
high glucose and fructose content and the low citric acid content (Table 2) support the test results from the
consumers (Figure 1). A high sugar content and low acid content generally result in a bland taste (Atherton
and Rudich 1994). The sensoric attributes of Auriga were described as aromatic and flavoursome. The peel
was felt as harder and a little bit firmer in comparison to the other cultivars. The high citric acid content and
the low sugar content were not described by the consumers. A possible reason for this were other secondary
metabolites, which were responsible for a sweeter taste sensation.

A appealing
0 — Ananas
Auriga

- = =Green Zebra

Aripe — - Lukullus

P non bitte T sweet A = Appearance
T = Taste
P smooth T aromatic P = Peel
T non aqueous T flavoursome F = Flesh

Figure 1: Radar diagram of the consumer survey given by 550 interviewed persons in a range between
1 (very good/ preferred) to 6 (very bad/rejected) on the four cultivars Ananas, Auriga, Green
Zebra and Lukullus.

Green Zebra was identified and ranked as acidic and aromatic, additionally as a rather immature fruit due to
its green colour. Nevertheless, the consumers described the appearance as appealing and the high citric acid
and the low sugar content were confirmed. Lukullus was described as soft and a little bit aqueous, thus this
cultivar had no true tomato taste. The relative high sugar contents were not identified in the tasting. The
consumers generally scored Auriga as the best tomato with respect to flavour and taste.

Conclusions

With an average yield of 12 kg m™ these old cultivars were competitive with those tomato cultivars
currently dominating the organic market (Lindner, 2004; Koller, 2005). The cultivars Lukullus and Auriga
contained the highest concentration of various health-promoting phytochemicals (ascorbic acid, B-carotene
and lycopene). Auriga and Green Zebra had the highest citric acid content, while Ananas showed the
highest sugar concentration. The management practices (fertiliser and harvest time) had no evident influence
on the analysed ingredients. The consumers characterised the cultivar Ananas as sweet and smooth while
Green Zebra was characterised as more aromatic.

Each of the multicoloured cultivars has its typical properties. Therefore, we recommend a set of the different
tomato cultivars to be sold and prepared in order to combine flavour, taste and shape with higher
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concentrations of beneficial phytochemicals. Furthermore, this strategy applied in regional markets could
guarantee biodiversity in tomatoes through organic farming under economic conditions.
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Abstract

The effect of three iso-energetic and iso-nitrogeneous diets composed of ingredients originating from three
different cultivation systems (“Organic”, low input of fertilizer without pesticides; “Minimally fertilised”,
low input of fertilizer and high input of pesticides, “Conventional”, high input of fertilizer and high input of
pesticides) was investigated with respect to several physiological responses and biomarkers of health using a
rat model. The diets were optimized according to the nutritional requirements of rats, except for a high
content of fat. The diets consisted of equal proportions of potatoes, carrots, peas, green kale, apples, and
rapeseed oil, which were grown according to three different cultivation systems. Even though most of the
measured variables (biomarkers of health) showed no differences between the experimental diets, the actual
recorded differences were all likely to be in favour of the “organic” diet contrasted with the “conventional”
diet. However, the results presently obtained cannot be extrapolated to all organic and conventional
cropping systems, mainly because crops were grown only in one replication. Thus, it is of outmost
importance that future investigations on the effect of organic food in relation to human health and well-
being should be based on well-defined and controlled food produce system with replications.

Introduction

Quality and safety of food are important issues which receive ever-increasing attention in the general public.
The consumption of organic foods has been steadily increasing during the last decade, particularly in
Western countries (Meier-Ploeger 2005). Many consumers perceive organic foods as being of better
quality, healthier and more nutritious than food produced using conventional methods. However, research
on possible impacts on animal and human health is sparse (Williams 2002). Moreover, the majority of
studies reported in the literature are outdated because the practices in both organic and conventional
agriculture have changed over time. According to a Danish knowledge-synthesis reviewing the scientific
literature (O’Doherty Jensen et al. 2001), there is no evidence which in an incontestable way support or
refute such perceptions.

A large number of studies have addressed the question “whether organic food is more beneficial for health
than conventional one”, and most of these studies have measured the content of well-known vitamins or
minerals in plant foods of more or less controlled origin and conclude that there are relatively small but
often significant differences. There are reasonably consistent findings for higher nitrate and lower vitamin C
contents in conventional vegetables (amongst others Woese et al. 1997). However, since the optimal dietary
intakes are still unknown both for nitrate (McKnight et al. 1999) and for vitamin C (Benzie 1999), it is not
yet possible to extrapolate from such composition differences in the food to possible effects on health. Other
studies indicate that the most systematic differences between organic and conventional crops are the
contents of secondary metabolites (Brandt & Mglgaard 2001). Besides the Danish knowledge-synthesis
evaluating the relationship between organic food and human health (O’Doherty Jensen et al. 2001), the issue
has been studied in some recent publications: Finamore et al. (2004) concluded that conventional wheat
represented a higher risk for lymphocyte function than those grown organic. In addition, the growing
conditions of fruits and vegetables (conventional vs. organic) affected the content of five selected flavonoids
and resulted in differences in the urinary excretion of major dietary flavonoids that are markers of oxidation
in humans (Grinder-Pedersen et al. 2003).
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When addressing the question if “organic foods are more healthy than conventional foods”, it is essential to
consider the term “health”. According to WIKIPEDIA, “health can be defined negatively, as the absence of
illness, functionally, as the ability to cope with everyday activities, or positively, as fitness and well-being.
In any organism, health is a form of homeostasis. This is a state of balance, with inputs and outputs of
energy and matter in equilibrium (allowing for growth). Health also implies good prospects for continued
survival. In sentient creatures such as humans, health is a broader concept”. The present study was
conducted using a well-controlled rat-feeding experiment comparing three iso-energetic and iso-
nitrogeneous diets composed of vegetables and a high content of rapeseed oil (13 %), produced according to
each of three different cultivation systems. The purpose of the study was to investigate whether a difference
in growing conditions of the feed plants would affect any of a range of physiological responses indicative of
“health” using a rat model, being characterized as non-insulin dependent diabetes mellitus, type Il diabetes
and non-obese.

Methodology

The experiment was performed with 36 rats that were fed on three diets consisting of potatoes, carrots, peas,
green kale, apples, and rapeseed oil. The difference between the three diets was the three combinations of
cultivation strategies used to grow the used ingredients:

- “Organic”: low input of fertiliser through animal manure and without pesticides

- “Minimally fertilised”: low input of fertiliser primarily through animal manure and with pesticides

- “Conventional: high input of mineral fertiliser and with pesticides

Each ingredient type was cultivated according to standard practice for the crop in terms of e.g. levels
fertilizer and timing of pesticide applications. For each crop all treatments were carried out on the same or
adjacent experimental fields, which were divided according to the three cultivation strategies, so that the

cultivation took place in similar soils and under similar climatic conditions, and the ingredients were
harvested and treated at the same time.

The three experimental diets had exactly the same formulation (300.0 g kg™ potato, 50.0 g kg™ carrot, 472.4
g kg™ pea, 10.0 g kg™ green kale, 10.0 g kg™ apple, 130.0 g kg™ rapeseed oil, 6.4 g kg™ DL-methionine,
12.5 g kg™ CaCOs, 0.7 g kg™ salt, and 8.0 g kg™ vitamin/mineral mixture), and the diets were iso-energetic
(gross energy 21.2 +0.14 MJ kg™ DM, metabolisable energy 18.0 + 0.14 MJ kg™ DM) and iso-nitrogeneous
(crude protein 160.7 + 0.2 g kg™), and contained in addition the following main nutrients (mean + SD): dry
matter 966.7 +5.0 g kg™*, HCI-fat 156.5 + 1.6 g kg, ash 41.4 + 0.5 g kg™*, crude fiber 56.3 + 1.6 g kg™,
dietary fiber 179.3 + 2.1 g kg™, calcium 6.8 + 0.1 g kg™, total phosphorus 3.4 + 0.1 g kg™, lysine 10.8 + 0.2
g kg, and methionine + cystine 9.7 + 0.4 g kg™". The pesticide level was determined by the Regional
Veterinary and Food Control Authority Copenhagen, Danish Veterinary and Food Administration, and was
found to be below the detection limit. The rats received the same diets throughout their entire life and the
measurements of their health status started after weaning of their first litter (age, 19 weeks; weight, 212 g).
The following measurements were used to assess rats’ health status:

- Clinical health and disease

- Utilisation of nutrients

- Energy metabolism

- Physical activity

- Functions of organs and intestine

- Post mortem evaluation of organs

- Analyses of biomarkers and nutritional status in blood and tissues

- Analyses of immune response

Results and Discussion

Analyses of the primary nutrients showed no differences between the three diets. However, with regard to
the analyzed contents of vitamins and fatty acids, differences among the three diets appeared as the content
of vitamin E and C18:2 were lower, and the C18:1 higher in the “minimally fertilised” than the other dietary
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treatments. The rats thrived on all three diets, and showed only minor differences with respect to utilisation
of energy and nutrients. Even though the rats were genetically disposed for diabetes, there was no visual
sign of this disease among the rats. The rats had only a slight increase in weight after eating the diets for 25
weeks. However, the data showed a tendency towards a lower weight and a lower content of adipose tissue
in the rats that were fed on the organic diet as compared to the other diets.

Concurrently with the measurements of energy utilisation, the physical activity of the rats was measured
using infrared sensors. Rats are active at night, and there were no differences between the dietary groups
with respect to activity at night. However, during daytime, when the rats are supposed to rest, the data
indicated that rats fed on the organic diet were more relaxed (less active) than rats fed on the other diets.
This result may therefore be interpreted as positive, in the sense that more uninterrupted sleep could indicate
that the rats were less stressed. It appears that physical activity is influenced by a number of parameters (Tou
& Wade 2002). In their review, it was found that regardless of the parameter involved, body weight appears
to play an underlying role in the regulation of activity, and furthermore, the regulation of activity associated
with body weight appears to occur only after the animal achieves a critical weight. However, in the present
study it cannot be excluded that the obtained trends regarding the dietary influence in the physical activity of
rats was indirectly related to the weight differences and accumulation of adipose tissue.

Rapeseed oil comprised 25 pct. of the energy content of the diets, and as expected from previous studies on
monogastric animals (Lauridsen et al. 1999) the differences in dietary fatty acid composition clearly
reflected the higher proportion of oleic acid and lower proportion of linoleic acid in adipose tissue of rats fed
the minimally fertilised diet. Also, the vitamin E content was lower in blood plasma from rats that received
the minimally fertilised diet. The content of vitamin E in the “organic” and the “conventional” diet was
similar. Yet, there was a higher content of vitamin E in the blood of the rats that were fed the “organic” diet.
This could be health beneficial as vitamin E is an antioxidant protecting the cells from oxidative injury.
There were no differences in the vitamin E content of liver and adipose fat tissue between rats from the three
dietary groups.

Immune status of the rats was measured as the total content of immunoglobulins in the blood serum. The
results showed that rats fed on “organic” and “minimally fertilised” diets had a higher content of
immunoglobulin G (IgG) than rats fed on the “conventional” grown diet. There were no differences in the
serum contents of immunoglobulins A and M. At present, no explanations are available with regard to the
lower content of 1gG in the rats that were offered the conventional grown diet. Yet, it is noteworthy that the
conventional diet had a higher content of the secondary metabolite falcarindiol than the other diets. Carrots
are the source of falcarindiol and other closely related polyacetylenes, such as falcarinol, in the diets with
falcarinol clearly being the most bioactive of the carrot polyacetylenes having for example immune
stimulating properties (Hansen et al. 1986). However, as the physiological effects of falcarindiol are
expected to be qualitatively similar but quantitatively less than for falcarinol (Kobak-Larsen et al. 2005), it
cannot be excluded that falcarindiol may interact with falcarinol in an antagonistic manner thereby affecting
its bioactivity. This could explain the lower content of IgG in the rats that were offered the conventional
grown diet, as the content of falcarinol was not significantly different in the three diets. Further, it cannot be
excluded that falcarindiol by it self can have an inhibitory effect on initiation of the immune response (Seon
et al. 2002).

Conclusions

The primary conclusions from our study can be summarised as follows: The organic and conventional foods
showed differences in immune status, sleep/activity pattern, accumulation of adipose tissue, liver function
and vitamin E status, while traditional measures of nutrient value were unaffected by the production method
of food (organic vs. conventional). All the observed differences were likely to indicate favourable effects of
the organic diets.

The findings cannot be linked to organic nor conventional production systems in general because this study
suffered (like most other studies reported in the literature) from the fact that only one replication per food
produce was used in the animal studies. Hence, differences could not be evaluated with respect to important
sources of variation as field-to-field variation. In addition, it was not possible to relate the responses of
animals to the diet composition due to the limited number of replicates. Thus, it is of utmost importance that
future investigations on the effect of organic food on human health and well-being should be based on
experimentation of well-defined and well-controlled food produce system with replications of the food
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production systems, with special emphasis on both the systematic and random variation between different
systems of food produce. Special emphasis should be given to explore links and explain overall relationships
between the nutritional quality and biomarkers of health.
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Abstract

The effect of different agronomic strategies on the nutritional quality of head lettuce was investigated. The
factors included were irrigation type, fertiliser input type and level. The assessed ingredient parameters were
nitrate, lutein, B-carotene and polyphenols. Hygiene was described by total aerobic bacterial count and
number of coliform bacteria, Escherichia coli, Salmonella enteritidis, Enterococcus and
Enterobacteriaceae. Lettuce treated with mineral nitrogen fertiliser (calcium ammonium nitrate) displayed a
higher nitrate content than lettuce treated with organic manures (fresh farmyard manure (FYM), rotten FYM
(fermented nettle extract). Nitrate concentration in lettuce tended to increase with increasing amounts of
fertiliser, independent of fertiliser type. Fertiliser type and level also affected the carotenoid content. Rapidly
available nitrogen from mineral fertiliser gave higher lutein levels compared with slowly released nitrogen.
Similar results were observed for B-carotene. There were no obvious differences regarding polyphenols for
the different modes of fertiliser input. The bacteriological quality was only marginally or not at all
influenced by the type of fertiliser.

Introduction

Public concern about food quality and safety is steadily increasing. The judgement of fresh vegetables
depends on visual characteristics as well as on nutritional quality. The idea of nutritional quality includes
beneficial and harmful ingredients, taste, fragrance, freshness and shelf-life (Kopke, 2005) as well as the risk
of toxic pathogens (Sagoo et al., 2001). Regarding lettuce, the marketable and nutritional quality depends
heavily on the agronomic strategy used. Fast release of nitrogen (N) from fertilisers or a surplus of N can
lead to an increase in nitrate content of plant tissues (Vogtmann et al., 1984; Sgrensen et al., 1996),
synthesis of N-containing compounds and a decrease in beneficial phytochemicals (Brandt et al., 2001).
Contamination with enteric bacteria has been postulated for lettuce and other vegetables (Doyle, 1990).
Therefore, the aim of our study was to assess the effect of different fertiliser types and application levels on
desirable and undesirable ingredients, including the risk of transfer of enteric bacteria from organic
fertilisers by the splash effect of raindrops or overhead irrigation.

Methodology
Field experiments

Head lettuce was grown in a three-factorial field experiment with 4 replications in two different seasons
during 2004. The field trials were located on the organic research farm ‘Wiesengut’ in North-Rhine
Westphalia, Germany (50°48’N, 7°17°0). Treatments were fertiliser input types (fresh farmyard manure
(FYM), composted FYM, fermented nettle extract (Urtica dioica), calcium ammonium nitrate (CAN)
combined with fertiliser input levels of 85 kg N/ha and 170 kg N/ha, respectively. During the rainy summer
2004, no differentiation by the third factor, irrigation (overhead vs. tap irrigation), was given, resulting in 8
replications for the fertiliser treatments. Fertilisers were incorporated into the soil using a mouldboard
plough. The first trial was planted in May and the second in August. With the exception of mineral N-
fertiliser application, the experiments were conducted according to the rules of Organic Agriculture. The
plants were harvested at optimal maturity. The assessed parameters were nitrate, lutein, B-carotene,
polyphenols, level of total aerobic bacterial count (CFU: colony forming units), numbers of coliform
bacteria, E. coli, Enterobacteriaceae, Enterococcus and Salmonella enteritidis.
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Analysis

For nitrate and secondary metabolites analysis, lettuce heads were quick-frozen and shredded after removal
of outer leaves. The nitrate content was determined by continuous-flow techniques, carotenoids were
analysed by HPLC techniques, and polyphenols by Folin-Ciocalteu assay. For microbiological
investigations, lettuce heads were shredded under sterile conditions. A pooled sample was analysed using
standard microbial detection and quantification assays. Results were statistically evaluated by ANOVA and
Tukey test.

Results and brief discussion

Nitrate content was a function of fertiliser type and input level. In the spring trial, lettuce treated with
mineral N-fertiliser had a higher nitrate content than the organically fertilised lettuce. This can be explained
by the slower and continuous release of nitrogen from organic manures. Several studies confirmed that the
nitrate content of organically grown vegetables is often lower than of vegetables treated with mineral-N
fertiliser (Augustin et al., 1977; Leclerc et al., 1991). An increased level of all fertiliser types tended to
result in an increased nitrate content. A conclusion about significances in the spring trial was not possible,
because the data were not normally distributed. In the summer trial, lettuce treated with mineral-N fertiliser
had a significantly higher nitrate content than organically fertilised lettuce. The increased level of mineral
N-fertiliser resulted in a significantly higher nitrate content, while that of organic fertiliser (composted
manure only) resulted in a significantly lower nitrate content. On the other hand, increased levels of fresh
manure and nettle extract tended to lead to higher nitrate contents.

Fertiliser type and level also affected the lutein content (Table 1). In both trials, the application of fresh and
composted manure resulted in significantly lower lutein contents than with fertilisers that release nitrogen
more rapidly. Increased fertiliser levels caused significantly higher lutein content. Fertiliser type and level
also affected the 3-carotene content. The spring trial showed an interaction between fertiliser type and level.
Low levels of fresh and composted manure resulted in a significantly lower B-carotene content than the
same levels of nettle extract and mineral N-fertiliser. An increased level of composted manure showed a
significantly increased B-carotene content, while a higher level of fresh manure, nettle extract and mineral
fertiliser showed no effect. In the summer trial, no interactions between fertiliser type and level were
determined. Lettuce treated with fresh and composted manure had a significantly lower B-carotene content
compared with lettuce treated with nettle extract and mineral N-fertiliser. An increased level of all fertiliser
types resulted in a significant increase in R-carotene content. The polyphenol content was not affected by
fertiliser type and amount in the spring trial. In the summer trial, fresh and composted manure application
resulted in significantly lower levels compared with mineral N-fertiliser. A higher fertiliser level did not
affect the polyphenol content for all fertiliser types. While there were no differences between the seasons
with respect to lutein content, significant interactions between the experimental factors and the seasons were
assessed for fertiliser and season for the parameters 3-carotene and polyphenol. The polyphenol content of
lettuce fertilised with organic fertilisers was lower in plants grown in late summer than in crops grown in
late spring. An application of mineral N-fertiliser in the spring trial resulted in a lower polyphenol content
than in the summer trial. Similar to the polyphenols, the R-carotene content of lettuce fertilised with organic
fertilisers was lower in summer-grown plants than in spring-grown plants. The B-carotene content of lettuce
fertilised with mineral N-fertiliser was not affected by the season. These findings suggest an environmental
influence on the R-carotene and polyphenol formation in lettuce treated with organic fertilisers. Seasonal
differences in B-carotene and lutein levels between winter- and summer-grown kale cultivars were also
reported by Mercadante and Rodriguez-Amaya (1991).

In the spring trial, no effect of fertiliser input type on bacteriological quality was observed. Escherichia coli
and Salmonella enteritidis were not detected in any sample. When lettuce was fertilised with mineral N-
fertiliser in the summer trial, total aerobic bacterial count and the level of coliform bacteria and
Enterobacteriaceae were significantly lower compared with lettuce treated with organic manures.
Independent of the type of fertiliser, Escherichia coli was only isolated in very low numbers (>10< 100
CFU/g). There were three positive Escherichia coli samples in lettuce treated with fresh FYM, one positive
sample in lettuce fertilised with composted FYM, two samples in lettuce fertilised with fermented nettle
extract, and four positive samples in lettuce treated with CAN. Salmonella enteritidis was not detected in
any sample.
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Table 1: Lutein, B-carotene and polyphenol content (ug per g fresh weight) of lettuce growing in late
spring and late summer 2004.

Lutein 3-carotene Polyphenols
Treatment Spring Summer Spring* Summer Spring Summer
Fresh FYM 5,83 b 476 b 6,30 b* 3,68¢ 80,75a 75,76 b
Composted FYM 6,64 b 530b 7,02 ab* 3,79¢c 90,92 a 72,03 b
Nettle extract 8,16 a 7,49 a 8,04 a* 5,92 b 89,93 a 82,95 ab
CAN 7,95 a 8,88 a 7,83a* 7,69 a 86,79 a 95,28 a
Fertiliser level 85 kg/ha 6,68 b 6,07 b 6,95 b* 476Db 84,42 a 80,35a
Fertiliser level 170 kg/ha 7,60 a 7,15a 7,64 a* 5,78 a 89,77 a 81,16 a

Significance of differences (a=0.05) between treatments within season (column) are denoted by different letters (Tukey test)
*significant interactions between fertiliser type and level

L]
Table 2: Total aerobic bacterial count, coliform bacteria, Enterobacteriaceae and Enterococcus,

Salmonella and E. coli, for lettuce growing in late spring and late summer 2004 (log;, colony
forming units/g).

Enteric bacteria Fresh FYM Composted FYM Nettle extract CAN
Total aerobic bacterial Spring 6,76 a 6,24 a 6,33a 6,35a
count Summer 6,36 a 6,39a 6,35a 5,68 b
Coliform bacteria Spring 5,78 a 6,07 a 5,40 a 5,89 a
Summer 52la 530a 512a 4,03 b
Enterobacteriaceae Spring 6,20 a 6,08 a 563 a 6,01a
Summer 6,27 a 6,26 a 6,13 a 5,28 b
Enterococcus Spring 282a 2,67a 2,85a 3,08a
Summer 1,10b 242a 1,88a 2,36 a
Salmonella Spring 0* 0* 0* 0*
Summer 0* 0* 0* 0*
E. coli Spring 0* 0* 0* 0*
Summer 3* 1* 2* 4*

Significance of differences (¢=0.05) between treatments within season (lines) are denoted by different letters (Tukey-test)
*number of positive samples with >10<100 CFU/g (n=16)

The results of the spring trial are in agreement with results published by Johannessen et al. (2004), which
did not detect any impact of fertiliser type on the bacterial quality of lettuce. These findings suggest that
there is no negative effect of untreated manure on bacteriological quality. Differences observed in the
summer season trial are probably due to weather impact. Johannessen et al. (2004) explained variations
between two trials through different temperatures and precipitation. The absence of Salmonella enteritidis in
both trials is in agreement with studies of McMahon and Wilson (2001), which did not detect any
Salmonella in organic vegetables.

Conclusion

The results confirm that readily available N from mineral fertiliser can increase the nitrate content of lettuce
tissue. On the other hand, the level of anticarcinogenic carotenoids also tended to increase after mineral N-
fertiliser application. The microbiological results suggest that fertiliser type does not, or only slightly, affect
the hygienic quality of lettuce when manures are incorporated into the soil and not left on the soil surface or
in the upper soil layer. Thus, an adequate agronomic practice of cultivating lettuce can ensure a high
hygienic quality of the produce.
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Abstract

The aim of this 5 year investigation was to compare quality parameters of differently cultivated carrots of
the same cultivar grown in the same region as well as to compare the relevance of different methods of
analysis to differentiate between these products.

The following quality tests were applied: Sensory tests (all harvests); Food preference tests with laboratory
rats (all harvests); Decomposition tests (all harvests); P-value determination (all harvests); Single-Photon-
Counting (1999) and Chemical analysis of the main components (1998 and 1999).

It could be shown that carrots (var. Tarvil) grown using an organic farming method were significantly
preferred by humans and laboratory rats, lost significantly less dry matter during decomposition, had lower
P-values, indicating better bioelectrical properties, revealed a significantly better capacity to store
biophotons, but showed no conclusive differentiation concerning their main components. Holistic methods
were well qualified to distinguish organic from conventional carrots on significant levels.

Introduction/Problem

Ever since organically produced food has reached the markets, gaining higher prices for environmentally
friendly production, the dispute about possible quality advantages has been going on. In the last 10 years, a
number of comprehensive revisions of relevant scientific investigations have been published with the aim of
coming to a final conclusion about “organic quality” (Woese et al. 1995; Alféldi et al. 1998; Worthington
1998; Heaton for the Soil Association 2001; Bordeleau et al. 2002; Bourn & Prescott 2002; Tauscher et al.
2003; AFSSA 2003; Velimirov & Miller 2003b). In short, the data on nutritional quality of organic in
comparison to conventional produce are inconclusive, whereas the results of holistic methods seem to be
more promising to reflect quality differences. In other words, there is enough cumulative evidence to
indicate better quality in organic food for anyone who wishes to be convinced, such as lower levels of
pesticide residues and nitrate, higher contents of minerals and secondary metabolites, better flavour and so
on. But there are also enough conflicting results for anyone who is not a fan of organic to reach the
conclusion that the reported differences do not justify any claims to a superior quality of organic food.

Methodology

The purpose of the studies presented here was yet again to investigate quality differences induced by
production methods. Organic and conventional carrots (cultivar Tarvil) from 5 harvests (1998, 1999, 2001-
2003) have been compared in relation to different quality aspects. They were grown in the same region near
Vienna (Marchfeld), thus assuring comparable sites and climatic conditions. The production methods were
monitored each year, soil samples were compared in the first 2 years to ascertain the comparability of soil
type and physical soil properties.

All carrots were of good commercial quality according to the Austrian market regulations and are sold in
Viennese supermarkets. In the first 2 years, the test carrots were also routinely analysed for their main
components: nitrate, carbohydrates (glucose, fructose, saccharose), K, P, Fe, organic acids (malic and citric
acids), carotinoides, dry matter and ash. A more global understanding of biological systems and interactions
has led to the thesis, that life is more than the sum of all parts. Therefore, the comparison has been focussing
on holistic methods:

Sensory evaluation

The applied difference test was the Extended Triangle Test with the following procedures: three samples of
grated carrots are presented, two are alike, one is different. The different sample has to be defined and
characterised. The third task is to state any preferences. Thus, objective — differentiation — and subjective —
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preference — aspects can be tested in one test. 20-70 test persons (untrained consumers) have participated.
For the preference evaluation only the choices of the participants who could identify the aberrant sample in
the Triangle Test have been used.

Food preference tests with laboratory rats

The food preference tests are carried out with 20 - 40 adult male laboratory rats (Long Evans strain), kept
separately in Macrolon cages size |11, under air conditioning at 22°C and 55% rel. humidity. The basic diet
for all test animals (conventionally feed mixture T 779 by Tagger Co.) is supplied in the cages, in order to
prevent any deficiency symptoms. A partition containing the water bottle divides the feeding rack into a
right and a left section, into which a defined amount of the two test products is apportioned simultaneously.
The remainders of the feed are weighed 24 hours later in order to determine the quantity consumed. At this
time, new feed is also supplied. Differences in the rate of evaporation of the examined feeds are quantified
with control samples used in every test run. The sides are changed with every meal in order to prevent the
effect of "position preference”. Each test run is conducted over a period of one week.

Decomposition test

The samples are washed, dried and shredded with a coarse household shredder. 20 g each are weighed into
petri dishes. At the beginning the dry matter content of the shredded material is determined. After a defined
period of incubation (at 20° C, 50 rel. humidity, in darkness), the samples are dried at 85°C and weighed to
determine the loss of dry matter.

P-Value determination

(The measurement of the electrochemical parameters have been carried out at the Institute of Fruit Growing
and Horticulture, University of Agricultural Sciences in Vienna with the help of R. Krautgartner, B.
Meltsch and R. Kappert)

The juice of washed plant material is extracted from the plants using a customary household juicer,
homogenised and immediately measured by usual electrodes connected to compatible meters. In terms of the
calculation of temperature-compensated values, the temperature of the samples is noted. The data for pH-
value and conductivity are noted after the electrodes have come to their level. For the redox potential there is
a continuous data collection during a certain period of time. From these three measured parameters the so
called P-value (Hoffmann 1991) is calculated.

Single-Photon-Counting

(M. Lenzenweger conducted this investigation at the Atomic Institute of the Technical University of Vienna,
with the help of Prof. Dr. H. Klima).

Carrot slices of the same size were put under a 100 Watt light bulb for 2 minutes. After 30 seconds the
biophoton emission was measured for 10 minutes.

Results and brief discussion

The organic carrots were certified according to the regulations of the farmers” association “Ernte”, the
conventional method used was customary in the Marchfeld. Main differences were the use of mineral
fertilisers and biocides in the conventional cultivation as well as the use of treated seeds (Thiram / Iprodione
Metalaxyl). In the first two years, soil samples and carrots were routinely analysed. There was more NOs-
Nitrogen, potassium, and lead in the conventional soil, the other values were similar. The analytical values
corresponded with the soil contents as far as potassium was concerned. Accordingly, there was also more
malic acid in the conventional carrots. The sugar and dry matter contents were higher in the organic variant,
whereas the contents of phosphorous, ash and carotinoides were lower. The contents of nitrate, iron, and
citric acid showed hardly any differences.

The taste of products is a very important determinant of consumer choices. Published sensory tests with
carrots resulted in either no difference (Minnaar 1996), a preference of the conventional variant (Kopp
1993) or a preference of organic carrots resp. products from low input systems (Abele 1987).

The results of the sensory tests presented here showed that in all cases significantly more testers were able to
differentiate between the test samples and in that four out of the five tests the organic carrots were
significantly preferred by mixed groups of consumers, not expert tasters (Fig. 1). According to the
participants the organic carrots excelled in their carrot-typical taste and intense flavour as well as in
juiciness and sweetness.
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These results correspond to the significant preferences of the organic carrots by laboratory rats. It has been
well documented that animals are able to select a diet appropriate to their metabolic needs. So far it has been
postulated that for animals to be able to choose, at least one of the offered foods has to be nutritionally
unbalanced, otherwise there would be no benefit in choosing (Sclafani 1995). But food preference tests with
laboratory rats have shown that even in cases of no apparent imbalance significant preferences take place

(Fig. 2).
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Fig. 1: Sensory tests (p = 0, 215) Fig. 2: Food preference tests (p = 0,003)

(* p=0,05; ** p=0,01; *** p=0,001)

Different after-harvest-behaviour in connection with growing methods has often been observed (e.g.
Samaras 1978, Abele 1987, Peschke 1994, Raupp 1997). The dry matter loss during decomposition
indicating better storage quality was significantly higher in conventional carrots (Fig. 3).

Previous results demonstrating the effect of production methods on bioelectrical properties (Walz 1996,
Hoffmann 1997) could also be corroborated in this five year comparison: the organic carrots exhibited
significantly lower P-values (p = 0,000), indicating better quality (Fig. 4).
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Fig. 3: Dry matter loss (p = 0, 027) Fig. 4: P-values (p = 0,000)

(* p=0,05; ** p=0,01; *** p=0,001)

The statistical evaluation of the results over the 5 year test period showed significant differences in favour of
the organic variant concerning P-value determination, food preference tests and dry matter loss during
decomposition and a tendency in the differentiation test. Since in the first year the test persons preferred the
conventional variant, there was no significant result over the 5 years.

Although the method of single photon counting has only been applied with carrots of 1999, the results are
mentioned here since the significantly better capacity to store biophotons in organic carrots further confirms
their superior quality from a different angle (Lenzenweger 2000).
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Conclusions

It could be demonstrated that carrots (var. Tarvil) grown in the Marchfeld (agricultural region near Vienna)
revealed superior quality properties when grown on an organic farm as compared to conventional cultivation
methods and that holistic methods are well qualified to differentiate between differently cultivated carrots on
a significant level.
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Abstract

A crop rotation experiment was established in 1996/97 at three locations representing different soil types
and climates. Three factors were tested: i) crop rotation with different proportions of N,-fixing crops, ii)
with and without a catch crop, and iii) with and without animal manure. A green manure crop increased
yields in the following cereal crops, but at the rotational level, total yields were larger in crop rotations
without a green manure crop. There were positive effects of animal manure and catch crops on yield.
However, except for the coarse sandy soil, the yield effects of catch crops and animal manure decreased
over time when a grass-clover green manure was included in the rotation. It appeared that the buffering
effect of clover can counteract the positive yield effects of manure application and catch crop use. This
shows the importance of assessing long-term effects in the evaluation of crop management measures.

Introduction/Problem

Crop rotations should be designed and managed to contribute to sustainable development of crop
production. Under conditions of sufficient water supply, nitrogen (N) is often a yield-limiting factor on
organic arable farms, and there may therefore be a trade-off between the inclusion of N,-fixing green
manure crops and cash crops in the rotation. Mixtures of N,-fixing and non-N,-fixing species are used for
green manure, and differences in growing conditions may lead to very different rates of N,-fixation. Catch
crops can be included in the crop rotation to reduce N leaching losses and to supply N through fixation.

An organic crop rotation experiment was initiated in Denmark in 1997, and the effects of green manure,
catch crop and manure application on yields, weeds and N-leaching were tested at three locations. The
experiment has run for eight years (two 4-year courses), which allows an evaluation of trends in the different
rotations and treatments.

Methodology

The crop rotation experiment was established at three locations representing different soil types and
climates: a coarse sand at Jyndevad, a loamy sand at Foulum, and a sandy loam at Flakkebjerg. Average
precipitation for the period 1961-90 was 964, 704 and 626 mm at Jyndevad, Foulum and Flakkebjerg,
respectively (Olesen 1991). The soil properties of the topsoil for all sites are shown in Table 1.

The following experimental factors were included in a factorial design with two replicates and with all crops
in the rotations represented every year (Olesen et al. 2000; 2002): i) crop rotation, with different proportions
of N,-fixing crops, ii) with (+CC) and without catch crop (-CC), and iii) with (+M) and without animal
manure (-M) applied as slurry. Results are presented from two different 4-year crop rotations: rotation 2
(R2: spring barley undersown with grass-clover — grass-clover — winter cereal — pulse crop); and rotation 4
(R4, 1% course: spring oat — winter wheat — winter cereal — pulse crop, and R4, 2™ course: spring barley —
pulse crop — winter cereal — spring oat). Cereal and pulse crops were harvested at maturity. All straw and
grass-clover production was incorporated or left on the soil. The +M treatments received anaerobically
stored slurry at rates where the NH,-N application corresponded to 40% of the N demand of the specific
rotation according to a Danish national standard (Anonymous 1997). The N demands of grass-clover,
peas/barley and lupin/barley were set to nil.
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Table 1. Soil texture, content of organic C and total N, and pH in the top 25 cm soil at the three

experimental sites in autumn 1996 prior to the start of the experiment. pH is taken as
pH(CaCl,)+0.5. Soil minerals, organic C and total N are measured in per cent of dry soil (Olesen

et al. 2000).
Location Clay Silt Fine sand Coarse sand Organic C Total N pH
<2um 2-20 pm 20-200 xm 200-2000 #m
Jyndevad 45 2.4 18.0 73.1 1.17 0.085 6.1
Foulum 8.8 13.3 47.0 272 2.29 0.175 6.5
Flakkebjerg 15.5 12.4 47.4 22.9 1.01 0.107 7.4

Results and brief discussion

There were limited problems with pests, diseases, and annual weeds, and increasing problems with perennial
weeds during the two courses. The average cereal yields of the manured crop rotations exceeded the yield
level of Danish organic farms by 15-35%. Figure 1 shows the development of the average grain and seed
yields for R2 and R4. The substitution of lupin for pea in 2001 explains the yield drop at Jyndevad due to a
severe attack of grey mould (Botrytis cinera) on the lupins at this location. The high yield in R2 in 1998 at
Foulum was probably due to optimal weather in the region that year. However, in R4 there was not a similar
effect. The low yield in R4 in 2001 at Flakkebjerg was due to crop failure in oat. The yields were highest at
Foulum and lowest at Jyndevad.

The yield in R2 at Flakkebjerg increased during the 1% course due to the progressive improvement of soil
fertility from an initially low level (Schjgnning et al. 2004). The grass-clover green manure crop in R2
increased the harvest yields by 10-15% compared with R4 without green manure. The lower yield variation
between years in R2 compared with R4 indicates a stabilising effect of the grass-clover green manure crop
(Figure 1). However, the benefits from the green manure could not compensate for the average yield
reduction caused by leaving 25% of the rotation out of production. As a rotational mean, including zero
yield in the green manure crop, R2 yielded 14-18% less than R4.

Jyndevad Foulum Flakkebjerg

o5 —e— R2

8 . —o0— R4
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Figure 1. Annual dry matter (t DM ha™) in crop rotation 2 (R2) and 4 (R4) as an average of grain
and pulses, with and without catch crops and with and without manure (n=24 in R2 and 32 in
R4).

The use of catch crops in R2 increased yields in the first course at all locations, the most at Jyndevad and the
least at Flakkebjerg (Table 2). This difference between locations was probably due to large nitrate leaching
losses from the sandy soil (Askegaard et al., 2005). In the second course of R2, the use of catch crops caused
a yield decrease in the winter wheat following the grass-clover crop at Foulum and Flakkebjerg. However, at
Flakkebjerg this yield decrease was nearly matched by a yield increase in the spring barley crop. Thus, as an
average of R2, there was only a small effect of catch crop on yields. This result can probably be ascribed to
a buffering effect of the clover in the grass-clover crop. The clover content of the grass-clover decreased
with increasing grain yields of the spring barley, which was grown as cover crop (Figure 2). We also found
that the winter wheat yield increased with increasing clover content in the grass-clover green manure at
Foulum and Flakkebjerg (Figure 3). The wheat yields at Jyndevad were low and did not respond to
increasing clover content in the grass-clover, probably due to large nitrate leaching losses during winter.
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The catch crops in R4 were clover-based and contributed to the N supply through N,-fixation. The
ploughing-in of clover catch crops prior to spring cereals increased yields significantly in both the 1% and the
2" course (Table 2). The negative effect of catch crops in the winter cereals in the 1% course of R4 derived
from problems in the bi-cropping of winter cereals in a stand of clover. The method was changed in the 2™
course, which led to a positive effect of the catch crop on winter wheat yields. This effect derived from the
catch crops grown two and three years prior to the winter wheat.

Yields increased significantly after manure application in both R2 and R4, but the effect decreased from the

1% to the 2™ course at Foulum and Flakkebjerg (data not shown). This was probably the result of the manure
application affecting the proportion of clover in the grass-clover in R2 and the clover-dominated catch crops
in R4 by reducing the development of the undersown clover crops. On the coarse sand at Jyndevad there was
no such effect.

Table 2. Yield changes (t DM/ha) with the use of catch crops in the first and second course of rotations
2 and 4. Average of both manure levels.

Rotation Course Crop Jyndevad Foulum Flakkebjerg
R2 1% course’ Spring barley 0.66 0.46 0.23
(1998-2000) Grass-clover - - -
Winter wheat®® -0.09 0.03 0.11
Pea/barley®® 0.04 -0.08 -0.15
Average 0.15 0.10 0.05
2" course Spring barley 0.23 0.03 0.25
(2001-2004) Grass-clover - - -
Winter cereal®® -0.02 -0.14 -0.24
Lupin/barley©® -0.03 0.25 0.09
Average 0.05 0.04 0.03
R4 1% course’ Spring oat“® 0.16 0.35
(1998-2000) Winter wheat® -0.33 -0.07
Winter cereal® -1.15 -0.53
Pea/barley®® 0.39 1.07
Average -0.23 0.21
2" course Winter wheat“® 0.32 0.64
(2001-2004) Spring oat® 1.23 0.85
Spring barley“® 1.14 0.78
Lupin/barley -0.17 0.20
Average 0.63 0.62

€CUndersown catch crops in the +CC treatments
B The winter cereals in the +CC treatment were drilled into rotary cultivated bands in a layer of clover.
The first year ‘1997 is omitted due to lack of subcrop effects.

page 200 ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005



=
o
s}

6.0

=
o
5 EN ® Jyndevad o
5 ® 55 | A Fouum
= 80 s O  Flakkebjerg o
q>) O a
5 [ ] =0.96 £ 5.0
2 0 g
@
g [ ) Y S 45
(=] §
E 40 A =0.24 g 4.0
g ° E
3 ° R S 35
o 20 | @ Jyndevad 2
S A Foulum A N c 3.0
s O Flakkebjerg x r=0.48 s =100
5 A 25
0 A
g 0 20 40 60 80
a 0 1 2 3 4 Clover proportion at the first cut in grass-clover (% of DM)

Grain yield in sprig barley (t DM ha'l)

Figure 2. Proportion of clover in grass-clover (% Figure 3. Average annual yields of winter wheat

of DM) in the first cut in 2000 depending (1998-2004 at Foulum and Flakkebjerg,
on spring barley grain yield (t DM ha™) in and 1998-2000 at Jyndevad) depending on
each plot the previous year. the clover proportion in the first cut of the

grass-clover in the previous year.

Conclusions

The yield effects of catch crops and manure changed from the first to the second course of the organic crop
rotation experiment. This emphasises the importance of assessing long-term effects in the evaluation of crop
management measures. The buffering effect of the clover-based green manure crop and catch crops
depended on the soil type. This buffering effect can counteract positive yield effects of manure applications
and catch crops.

The utilization of the grass-clover green manure could probably be improved by transferring N-containing
biomass to fields in the crop rotation without N,-fixing crops, especially on sandy soil where leaching losses
are large.
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Abstract

In a recently started long-term field trial (2002-2011), located in Frick (1000 mm mean annual precipitation)
near Basle (Switzerland), the effect of reduced tillage on crop yield, weed infestation, and occurrence of
toxigenic fusaria was studied on a heavy soil (45% clay) in a crop rotation under organic farming conditions.
Here, we present results of the first two experimental years (2003-2004), which are considered as the
conversion period. Wheat yield was 16% higher (p < 0.001) in ploughed plots than in the plots with reduced
tillage (chisel and rotary harrow). In the following year, sunflower yield was enhanced by 5% (p = 0.06) in
reduced tilled plots. Reduced tilled plots manifested a higher weed infestation, in particular with
Convolvulus arvensis and Stellaria media. With the exception of low levels of Fusarium poae, no toxigenic
fusaria were detected in wheat grains possibly due to the exceptionally dry and hot summer 2003. The
deoxynivalenol (DON) content was low in all treatments. While the DON content in wheat straw was
increased after reduced tillage, it was decreased after application of biodynamic preparations (p < 0.05).
Overall, we assume that even on heavy soils, reduced tillage systems may be applicable on organic farms,
but with a considerably higher input of labour.

Introduction/Problem

Organic farming systems offer many benefits (Méader et al., 2002). However, these systems generally use
mouldboard ploughing. Reduced tillage systems provide new opportunities, but were developed under
conventional farming regimes involving the use of chemicals (Pekrun & Claupein, 1998). Problems with
weeds (Zwerger, 1996; Hampl, 1999), slugs (Jourdan et al., 1997) and a delay in soil nitrogen mineralisation
in spring are difficult to solve under organic farming conditions. Furthermore, the occurrence of fusaria and
the contamination of cereals with mycotoxins have frequently been associated with reduced tillage systems,
especially in wheat following maize cultivation (e.g. Dill-Macky & Jones, 2000; Champeil et al., 2004). In
the present study, we are investigating whether the use of newly developed machines, in combination with
an optimised fertilisation strategy and the use of biodynamic preparations will improve the sustainability of
reduced tillage systems, without relying on synthetic inputs.

Methodology

In autumn 2002, we established in Frick (Switzerland) a field experiment comprising the following factors,
each performed at two levels:

Soil tillage Ploughing system (mouldboard plough followed by rotary harrow) versus reduced tillage system (chisel
plough* followed by rotary harrow**).

Fertilisation Slurry alone versus manure compost and slurry (both systems at a level of 1.4 LU).

Biodynamic With versus without biodynamic (bd) compost and field preparations

preparations (see http://www.sciencemag.org/cgi/content/full/296/5573/1694/DC1).

*) WeCo-Dyn-System of the company EcoDyn, Schwanau, Germany. **) Rotary harrow of the company Rau, Weilheim,
Germany. LU = livestock units.
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The three factors tillage, fertilisation and preparations were fully factorised. This resulted in eight
treatments, each replicated four times. The 32 plots were arranged in a split-plot design. The plot size was
12 x 12 m, allowing the use of common-size farming equipment.

The clay soil at the experimental site contained in mean 2.2% organic carbon, 45% clay, and had a pH of 7.1
(n = 32). The mean annual precipitation was 1000 mm per year. Before the experiment started, the field site
was uniformly planted with silage maize in 2002. In this paper, results of the first two experimental years,
2003-2004 are presented. Winter wheat (variety ‘Titlis’, 2002-2003), oat-clover intercrop (2003-2004) and
sunflower (variety ‘Sanluca’ 2004) were cultivated. Wheat grains and straw were harvested and removed
from the field. Undressed seeds were sawn. Weeds were controlled mechanically by a tractor-driven hoe in
both main crops and also by hand in the sunflower crop.

Yields of the three crops were assessed in 8 x 8 m harvest plots. Weed infestation was assessed twice in the
season. For this, the number of weed seedlings per capita was counted (sample area of 2 x 1 m?/plot) or the
percentage coverage of the soil surface was estimated (sample area of 64 m?/plot). The incidence of
Fusarium fungi in wheat grains was analysed using a seed health test on agar (Neergard, 1977): The number
of seeds infected by Fusarium species (Fusarium graminearum, F. culmorum, F. poae, F. langsethiae, and
F. avenaceum) as well as Microdochium nivale was counted. The content of the mycotoxin deoxynivalenol
(DON) in harvested wheat grains and straw was measured by an ELISA (enzyme-linked immunosorbent
assay) kit (RIDASCREEN®FAST DON, Art. No.: R5901, R-Biopharm AG, Darmstadt, Germany).

Data were analysed by an analysis of variance (ANOVA). Significance levels were: * p < 0.05; ** p < 0.01;
*** n < 0.001, and n.s. not significant.

Wheat Oat-clover

Plough
Reduced tillage

Slurry
Manure compost/Slurry

Without bd preparation
With bd preparation

0o 1 2 3 4 5 6 7 0O 02 04 06 08 1 12

(t /hadry matter) (t /hadry matter)
Sunflower

Plough
Reduced tillage

Slurry
Manure compost/ Slurry

Without bd preparation
With bd preparation

(t /hadry matter)

Fig. 1: Crop yield depending on different tillage, fertilisation, and biodynamic preparation
treatments. a) wheat grain yield 2003, b) yield of oat-clover fodder intercrop 2003, c) sunflower
grain yield 2004.
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Results and discussion
Yield:

In the first year, grain yield of winter wheat in the reduced tillage plots was 16% lower compared with the
yield in ploughed plots (p < 0.001; Fig. 1). In contrast, the yield of the intercrop oat-clover was not lower in
the reduced tillage plots, and the sunflower yield in reduced tillage plots across all fertilisation and
preparation levels was 5% higher (p = 0.06) than that in ploughed plots. This result was unexpected, because
the formation of stable pores, leading to higher inherent soil fertility, usually takes time. Sunflowers may
also have taken up mineralised nitrogen in late summer in reduced tillage plots. After a very dry summer in
2003, soils of the reduced tillage plots were chiselled down to 20 cm and subsequently sawn with the oat-
clover mixture. This led to a substantially improved soil structure in the reduced tillage plots compared to
the ploughed plots in the sunflower crop as observed by a subsequent spade diagnosis. Application of slurry
resulted in a 5% higher wheat grain yield (p < 0.001) in comparison with manure compost, but did not affect
sunflower yield. The biodynamic preparations had no effects on yield.

Weed infestation:

Weed infestation was relatively low in the first experimental year, but was higher in the second year. Total
soil cover by weeds was 13% in the reduced tillage plots and 9% in the ploughed wheat plots across all
fertilisation and preparation levels at flowering stage in 2003. Initially, Convolvulus arvensis was occurring
in the trial; the level of infestation by this weed was low, but it is difficult to control in organic production
systems. Stellaria media occurrence is the most differentiating weed towards soil tillage at this site. In
spring 2004, 144 and two S. media seedlings m?were counted in reduced tillage and ploughed sunflower
plots, respectively. C. arvensis was also more abundant in reduced tillage plots (4.5 compared with 2.4
seedlings m?in ploughed plots). When the sunflower plant height reached around 1 metre, soil cover rates
were found to be higher in reduced tillage plots compared with ploughed plots (S. media 28.6% vs. 1.2%, C.
arvensis 6.9 vs. 4.1%). The soil cover within the rows by all weeds present was 47% in reduced tillage plots
and 20% in ploughed plots. Hand-weeding time for control of C. arvensis and Cirsium arvense in
sunflowers was 27 hours 42 min ha™* in reduced tillage plots and 15 hours 10 min ha™in ploughed plots.
While sunflower yield was even slightly higher in reduced tillage plots, there is a great risk that these weeds
might impede the crop’s growth in the coming years. Due to extreme wetness after sunflower harvest, it was
not possible to perform efficient weed control.

DONin grain DONin straw

Plough
Reduced tillage

Slurry

n.s.
Manure compost/Slurry

Without bd preparation
With bd preparation

n.s.

04 06 08 0 02 04 06 08
(ppm) (ppm)

Fig. 2: Fusarium toxin DON (deoxynivalenol) content in wheat depending on different tillage,
fertilisation, and biodynamic preparation treatments (2003). Overall DON levels were low. a)
DON in wheat grains, b) DON in wheat straw.

Occurrence of fusaria and mycotoxins:

Although wheat was cultivated after silage maize, overall Fusarium infestation level was very low across all
treatments investigated (data not shown), possibly due to the dry and hot summer in 2003. However, across
all levels of fertilisation and application of biodynamic preparations, F. poae was detected in 1.2% of the
wheat grain samples from both the ploughed plots and plots with reduced tillage. As expected from the very
low infestation by F. graminearum, very little DON was measured from the wheat grains of all experimental
treatments (all values below the calibration curve at 0.222 ppm) (Fig. 2). Despite the low overall amount,

page 204 ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005



grains from ploughed plots contained on average significantly (p < 0.05) less DON compared with samples
from reduced tillage plots. This result is in line with other studies (Teich & Hamilton, 1985; Dill-Macky &
Jones, 2000) where remaining maize residues on the soil surface were associated with greater contamination
by DON. For the straw samples, overall DON contents were considerably higher (range of 0.2-0.9 ppm) but
still well below 1 ppm (Fig. 2). This is not surprising as higher amounts of DON in straw compared with
those of grains are a common observation (Hecker et al., 2004). Straw samples from plots receiving
biodynamic preparations contained on average significantly (p < 0.05) less DON compared with samples
from plots where no preparations were applied. In general though, these data need to be interpreted with
caution as DON values from all grain samples and from individual straw samples were below the calibration
curve, rendering them not entirely appropriate for statistical analysis.

Conclusions

In the conversion period from a ploughed to a reduced tillage system under organic farming conditions,
yields decreased in the first year, but recovered in the second year. This can be interpreted as an adaptation
of the soil processes to lower levels of mechanical disturbance. Although our results are based on two
seasons only, we believe that reduced tillage might be applicable even on very heavy soils in organic
farming, but with a considerably higher input of hand weeding compared with ploughing systems. However,
in order to minimise the risk of infection by Fusarium graminearum and mycotoxin contamination, wheat
after maize should be avoided and wheat varieties with a low susceptibility to Fusarium head blight should
be chosen.
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Abstract

The Glenlea long-term rotation study, located near Winnipeg, is Canada’s oldest conventional vs organic
crop comparison study. Since 1992, three farming systems (grain only; grain with green manure crops;
combined grain-forage rotation) were evaluated under two management systems (organic and conventional).
Organic system ranked higher than conventional systems in energy efficiency and biodiversity while
conventional system ranked higher in yield, weed management and soil nutrient status. However,
significant farming system by management interactions were observed for many variables. The basis for
these interactions was enhanced performance of organic production in the combined grain-forage system
compared with the grain only system. Organic crop production is sustainable provided combined grain-
forage rotations and livestock manure recycling are used.

Introduction/Problem

Organic farming is increasing in Canada. Currently, 1.4% of Canadian farmers grow organic crops on
391,000 ha of certified organic land. Despite this interest there is little information on long-term effects of
organic management on crop and soil parameters. Long-term studies elsewhere have shown that organic
crops yield similar to conventional crops depending on weather conditions (Lotter et al., 2003). Maeder et
al. (2002) reported soil benefits from organic farming with minimal decrease in crop yields.

There are many questions about the consequences of eliminating traditional fertilizer and herbicide inputs in
Canadian crop production. Previous long-term trials in Saskatchewan, Canada have shown that soils become
very nutrient deficient (especially in available P) when inorganic fertilizer use is eliminated (Campbell et al.,
1993). P deficiencies were greatest in rotations that contained hay but did not involve manure return to the
land. Available soil P was found to be low in organically managed farm fields in western Canada (Entz et
al., 2001).

A recent survey showed that Canadian organic farmers grow their crops using three main rotation types: 1)
diversified grain-only rotations; 2) rotations that contain green manure crops; and 3) rotations that combine
perennial forages and grain crops (Entz et al., 2001). The Glenlea study was established to compare organic
and conventional crop production in these three rotation systems. Our hypothesis is that organic farming
will be more successful in the combined grain-forage rotation and least successful in the grain-only rotation.

Methodology

The Glenlea study was established on approximately 10 ha near Winnipeg, Canada in 1992. The soil is an
Osborne clay and annual precipitation is 500 mm; 30% of annual precipitation falls as snow. The
experimental design is a randomized complete block with three replicates. Main plots consist of farming
system: combined grain-forage system (wheat-alfalfa-alfalfa-flax); grain plus green manure crop (wheat-red
clover-wheat-flax); and a grain only system (wheat-pulse-wheat-flax). Each main plot is conducted under
conventional and organic management. Details of crop and soil management are given in a previous paper
(Hoeppner et al., 2005). Briefly, organic and conventional systems had similar seeding dates and seeding
rates. A minimum tillage regime (typical of the dryland prairies) is used in all systems. Organic systems
required 1 to 2 additional tillage passes each year. The alfalfa is harvested for hay two or three times per
year. Manure from the dairy is returned to one sub-subplot within the grain-forage rotation. Straw from
grain crops is chopped and returned to the soil. Herbicides were used in all conventional plots; fungicides
were used only in conventional wheat crops. Between 1992 and 2004, rotation phases were not included
each year. In 2005, plots were split to allow the study to be “fully-phased” (that is, all phases of rotations
appear each year); introducing a sub-subplot level into the experiment. Sub-subplots are 6 m wide and 25 m
long. Measurements include crop yield, soil nutrient status (sampled autumn 2003), soil biology
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(mycorrhizae, nematodes), soil erodibility, ground beetles, weeds and other pests, energy consumption, and
energy production.

Results and Discussion

Flax “test crops” appeared at the end of each 4-year rotation cycle. Flax yielded less in the organic than in
the conventional system; however a rotation by system interaction (P=0.15 in 1995; P=0.19 in 1999 and
P=0.001 in 2003) indicated that yield loss due to organic management was influenced by the farming system
(grain only rotation > green manure-grain rotation > grain-forage rotation) (Table 1).

Table 1. Influence of farming system type on yield, weeds, soil nutrient status and energy efficiency in
organic and conventional management, Glenlea long-term study, 1992-2003.

Rotation  |System Flax test crop yields Weed density/m? Avai- | Avai- | Mycor- | Energy
(kg/ha) lable soil | lable | rhizal |efficiency
N soil P | infection !
(kg/ha) |[(kg/ha)| of flax
roots
(%)
1995| 1999 | 2003 | 1995 | 1999 | 2003 2003 2003 (1992-2003
WPWF2® Organic 930 558 276 46 189 1379 22 33 82 10.4
WPWF Conventional |1798| 1364 | 1167 33 532 | 2041 32 46 44 6.8
WCIWF Organic 1054 | 992 304 24 91 1735 31 37 - -
WCIWF Conventional |1798 | 1736 677 37 128 | 2235 29 24 - -
WAAF Organic 1364 | 1364 849 24 40 594 37 11 61 119
WAAF Conventional |1674| 1426 | 1044 11 110 | 1338 81 24 44 74
Significance
(P>F)
Rotation - 0.030| 0.0910 |0.0003 | 0.0002 | 0.0030 |0.0106| 0.0024 | 0.0002 | 0.0388 | <0.0001
(Rtn) 0
System - 0.001|<0.0001 |<0.001 | 0.1899 | 0.0001 |0.0713| 0.0093 |0.1899 | <0.0001 | 0.0006
(Sys) 4
Rtnx Sys |- 0.156| 0.1984 |<0.001|0.0153 | 0.0603 |0.1764| 0.0153 |0.0153 | 0.0024 | 0.0102
4

! Assuming alfalfa production:meat production conversion factor of 9:1. Units of energy produced per unit energy
consumed.

2 W=wheat, P=pea, F=flax, A=alfalfa; Cl=red clover

SWPFW, grain-based rotation; WCIWF, green manure rotation; WAAF, integrated rotation,

Averaged over the three cycles of the study, yield reduction due to organic management averaged 63% for
the grain rotation, 46% for the green manure rotation and 14% for the integrated grain-forage rotation.
Similar observations were made for wheat yields in years when wheat was common to all systems (data not
shown). These observations show that farming system type was very important to the success of organic
grain crop production, and that among farming systems, the integrated grain-forage system was most
beneficial in maintaining grain yield of organically managed crops. Similar observations were reported by
(Mahoney et al., 2004) An interaction between year and farming system also existed (data not shown). In
the grain-only rotation, yield reduction due to the shift to organic management increased from 49% in 1995
to 77% in 2003. By contrast, yield reduction due to a shift to organic management in the combined grain-
forage rotation was 19% in 1995 and 2003. This observation suggests that long-term grain yield
sustainability (after 12 years in the present study) is much greater when grains are grown in rotation with
forage crops than in grain monocultures.

Weed populations appeared to increase over the course of this study. Very high weed populations in 2003
were attributed to environmental conditions that were favourable to weed seedling recruitment. By the end

ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005 page 207



of the third rotation cycle, total spring weed density in the rotation containing alfalfa was half that in the
annual grain and green manure rotations (Table 1). Alfalfa’s ability to suppress total weed population was
similar under conventional and organic management. Alfalfa was particularly effective at suppressing green
foxtail (Setaria viridis (L.) Beauv.), a major weed in 2003 (data not shown). Wild mustard (Sinapsis
arvensis L.) populations, however, were higher in the alfalfa rotation than in the grain-only or green manure
systems. The annual rotation was dominated by grassy weeds, particularly green foxtail. By the third
rotation cycle, the green manure rotation had high levels of green foxtail, wild mustard, and red root
pigweed (Amaranthus retroflexus L.). Red root pigweed was highest in the green manure rotation. Although
there was no interaction between crop rotation and input management for total spring weed density, there
were interactions in some cases for specific grass and broadleaved weed species. The most common
interaction observed for the different weed species involved better weed control by alfalfa in organic
management, indicating that crop rotation with alfalfa can be an important part of an organic weed control
strategy. These results support Ominski et al. (1999), who observed that alfalfa provided excellent
suppression of perennials and summer annual grassy weeds but only marginal suppression of summer
annual broadleaved weeds.

Level of flax root colonization with mycorrhiza was significantly higher under organic vs. conventional
management (Table 1). More colonization under organic management may be attributed to less available
soil P in organic compared with conventional management (Table 1). Other Canadian prairie researchers
have observed lower mycorrhizal colonization in fertilized than in unfertilized cropping systems (J.
Clapperton, Agriculture and AgriFood Canada research centre, Lethbridge, Alberta, pers. comm.). Greater
mycorrhizal colonization of flax grown in the grain-only rotation compared with the grain-alfalfa system
(Table 1) may be due to differences in the weed flora. For example, the alfalfa-based system contained
much higher populations of wild mustard, a non-mycorrhizal plant, while the grain system was dominated
by green foxtail, a mycorrhizal plant.

Soils in the combined grain-forage system were found to have the highest soil-N concentrations of any
system in this study (Table 1). On the other hand, level of available soil P was lowest in the grain-forage
system. Results of a farm field survey in Manitoba support both of these observations (Entz et al., 2001).
One of the subplots in the forage-grain system has received composted dairy manure (data not shown).
Levels of available P in this manured soil is adequate (>25 kg/ha).

A complete energy audit was conducted for the grain-only and combined forage-grain rotations for the
period 1992 to 2003 (Hoeppner et al., 2005). For the grain-only rotation, energy consumption averaged
2,019 MJ/halyear in the organic system and 5,708 MJ/ha/year in the conventionally-managed system.
Energy consumption in the forage-grain rotation averaged 1,844 MJ/ha/year for the organic system and
4,100 MJ/halyear for the conventional system. Energy output was 20% lower in organic compared with
conventional management. Energy use efficiency (assuming alfalfa conversion to beef was 9:1) was
approximately 40% higher for organic than conventional systems (Table 1). Energy efficiency was 10%
higher in the forage-grain rotation compared with the grain-only rotation.

Conclusions

Organic flax crops yielded significantly less than conventionally grown crops in all three test crop years.
This trial showed that yield loss due to organic management could be reduced by using a combined grain-
forage rotation. Weed populations increased over the 12 years of the study; however, increases in weed
density under organic management were least in the combined forage-grain rotation. Soil nutrient status
was strongly influenced by both system and rotation. Evidence for P deficiency in the combined grain-
forage system was observed. It was concluded that adding manure is necessary for long-term maintenance
of soil fertility in organic management when forage hay crops are included in the rotation. Higher
mycorrhizal infection of organic compared to conventional crops was attributed to lower soil P availability
in organic plots. Weed flora also played a role, with lower colonization coinciding with non-mycorrhizal
weeds. Energy efficiency was much higher for organic compared with conventional systems, and the
combined forage-grain system under organic management produced the highest energy efficiency. In
conclusion, the organic system performed poorer than the conventional system in terms of crop yield (20 to
70% lower), available soil nutrients (30 to 50% lower) and weed control. However, the organic system
performed better than the conventional system in terms of energy use efficiency (30 to 40% higher) and
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mycorrhizal colonization (30 to 50% higher). Organic systems that include forages and composted manure
are very sustainable over the 12 years of this study.
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Abstract

Long-term trials are necessary not only to judge agronomic and ecological indicators when studying organic
farming, but also to analyze and describe economic parameters. From 1997-2002, an organic arable farming
system (Bio) was compared with two Integrated farming systems (IP intensive and IP extensive) on 6 plots
in a 6-year crop rotation at Burgrain near Lucerne, Switzerland. The 6 plots were subdivided into 3 subplots
of 0.65 ha each. In the organic system, the input of fertilizer and pesticides was substantially reduced, which
resulted in a yield reduction of 19% over all 4 arable crops and of 14% if the temporary leys are included.
Nevertheless, the organic system showed an excellent net profit, mainly due to the higher prices paid to the
farmers for the organic products. The influence of the direct governmental payments was less pronounced.

Introduction/Problem

Apart from ecological and social aspects, a sustainable agricultural system must also be economically
viable. Many reports on the ecological advantages of organic farming are available today (e.g. Alfoldi et al.,
2002, FAO Report), but economic analyses are less frequent. In order to obtain clear answers for farmers,
extension specialists and politicians concerning the profitableness of organic farming, we analyzed the data

of our long-term trial at Burgrain/LU, which has been running since 1991.

Methodology

The trial is located in an experimental farm, at Burgrain/Lucerne, at 8:00 degrees E and 45:10 degrees N,

500m above sea level. The soil belongs to the group of cambisols (FAO classification) with 3.4% humus,

17-25% clay and a pH between 6.1 and 7.5. The average rainfall is 1100 mm, the average temperature 8.5
degrees Celsius; the whole farm has 40 ha of land, 23 ha are arable land.

Three arable farming systems differing in nutrient input and plant protection measures are compared. All
systems are implemented by farmers and comply with the Swiss requirements of Integrated Production and
the “6kologischer Leistungsnachweis” (proof of ecological performance linked to the governmental direct
payments program). The program is described under www.blw.admin.ch (Direktzahlungsverordnung Art.
5ff) and sets minimal requirements for crop rotation, cover crops, ecological compensation areas, pesticide
input and balanced nutrients on the farm. For animal well-being, two programs are also defined and are
voluntary. The minimal requirements for organic farming (OF) are described in an ordinance, too,
(www.blw.admin.ch, Bioverordnung), which is comparable to and compatible with the EU ordinance on OF.

The trial was conducted on 6 arable plots of ca. 2 ha each (Zihlmann and Tschachtli, 2004). The plots were
cultivated with regular farm machinery. Yield and economical performance were quantified. Each plot was
subdivided into three strips of 0.65 ha each. This permitted a direct comparison of the three systems within
two 6-year crop rotations: IP intensive (an integrated, more intensive farming system aiming at high yields,
which corresponds to an average cropping intensity of the region), IP extensive (an integrated, more
extensive farming system), and Bio (until 1996 a low-input system similar to organic; since 1997, an organic
farming system). In this paper, we present the results of one crop rotation, covering the 6 years from 1997-
2002. This crop rotation included potatoes (followed by white mustard as catch crop) — winter wheat
(followed by over-wintering clover grass) — grain maize — spring barley — two years of temporary lay.
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Results and brief discussion

On the average, the number of pesticide applications per arable crop and year was 3.3 for IP intensive, 1.2
for IP extensive, and 0.6 for Bio. If the temporary lays are included in the calculation, the corresponding
values are 2.7, 1.3 and 0.7, respectively. On the other hand, mechanical interventions were more frequent in
the less intensive systems, mainly because of more manual, mechanical weed control. The number of
interventions/year was 0.2, 1.1 and 1.6 for IP intensive, IP extensive and Bio, respectively.

The inputs of manure and pesticides differed in the three systems: IP extensive and Bio received 31% and
45% less nitrogen, respectively, compared to IP intensive (Fig. 1). Under Burgrain climatic conditions, lays
are fertilized after each cut with 20-50m3 of liquid manure. Accordingly, the yields are very high.

In the arable crops, average yields were 14% lower for IP

160 e extensive and 19% lower for Bio, respectively, compared to
wl o Lo~ BN from slurry and sold manure IP intensive. Heavy precipitation in this area favours fungal
diseases and as expected, the highest yield losses were
measured in the cereals, namely in spring and winter barley
— (up to 30%). With maize, potatoes and temporary lay, yield
losses were less severe (Fig. 2). If the two temporary lays are

® included in the calculation as yearly crops with average hay
“ prices, the total yield reduction of IP extensive and Bio,
o compared to IP intensive is 12 % and 16 %, respectively.
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Fig. 1. Input of ammonium and nitrate N
in kg/halyear in 3 farming systems, IP
intensive, IP extensive and Bio, 1997-2002
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Fig. 2. Average yield of field crops and Fig. 3. Average direct costs and machinery costs,
temporary lay, 1997-2002 1997-2002

The indicator for profitability we use here is the net profit. It is defined as the profit after subtraction of
direct costs and machinery costs. The direct costs include seeds, pesticides, mineral fertilizers, drying costs
and insurance costs. The direct costs were 19% and 7% lower for IP extensive and Bio, respectively. In IP
extensive, no fungicides in cereals were used, which reduced the direct costs to a large extent. For Bio, the
higher price for seed had a significant effect on the result.
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The machinery costs cover variable costs of machinery, rent of machines and work carried out by third
parties. All direct payments by the government were included in the calculations. Both, direct costs and
machinery costs, are shown in Fig. 3. The higher machinery costs of the OF procedure were due to the

higher input in mechanical weed control and the costs for distribution of slurry.
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Fig. 4. Development of governmental direct payments (Y1) and of wheat prices
(Y2), 1991-2002. (Extensive farming payments=no use of fungicides,
insecticides and plant growth regulators allowed).
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Fig. 5. Average net profit of the field crops after subtraction of direct
costs and machinery costs, 1997-2002. (1.20 CHF =1 USD)

Work input, on the average, was 0.1 and 16.8 hours/ha/year higher in IP extensive and Bio, respectively.
The higher input in OF is mainly due to the necessary mechanical (manual) control of dock plants (Rumex
sp.) in the temporary lays. Up to 47 additional working hours /ha/year were registered for this mechanical,
manual work.

The development of prices for winter wheat in IP and Bio is shown in Fig. 4, together with the different
government contributions (direct payments). While IP prices for wheat were reduced by 35% from 1991 to
2002, the price for organic wheat increased by 6% in the same period. Simultaneously, the contributions for
all farms, but specifically for the organic farms, were increased.
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As expected, the calculated theoretical net profit, on the assumption of IP prices for all crops, was highest
for IP intensive; it showed a reduction of 7% for IP extensive and of 16% for Bio, respectively. (Fig. 5,
“Average”). After addition of the direct governmental payments, the average net profit for the 3 procedures
was almost equal. The picture changes dramatically if the price bonus for products with IP-Label (IP
extensive for wheat and potatoes) and Bio-Label is taken into account: Bio’s average net profit was 65% (or
3475.- CHF/ha) higher than that of IP intensive. IP extensive reached 2% less than IP intensive. The largest
net profits in Bio were obtained with the potato crop, followed by winter wheat, grain maize and spring
barley (Fig. 5).

In terms of environmental impact, e.g. population and species counts of earthworms (Jossi et al., 2004/a) and
ground beetles (Jossi et al., 2004/b), all the farming systems produced favourable values, though IP
extensive and Bio often achieved somewhat better results. Higher than average values were measured for
some soil parameters, e.g. soil microbiological activity in comparison to other farming areas in Switzerland
(Oberholzer, 2004). More ecological parameters and details are published in Schriftenreihe 52 (see
References below).

Conclusions

For the success of an organic farming system, the economic analysis of our long-term trial at Burgrain,
Switzerland, clearly shows the importance of the prices paid to the farmers for their organic products. Yield
losses can be rather high, but they are more than compensated for by the high market prices for organic
products and the higher ecological direct payments by the Swiss government. Therefore, an economic
analysis of the farm situation, taking local markets into account, should be made before, during and also
after conversion to organic farming.

In addition, the whole farm situation must be carefully analyzed, because lower yields in organic plant
production may necessitate a larger surface of grassland in mixed farms to produce the feed for the animals;
in our case, this increase of surface was 9%. This would, in turn, slightly reduce the net profit of the arable
crops.
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Abstract

Crop yields and root growth were studied in a 6-year trial comparing conventional, organic, and biodynamic
methods of fertilization. Intense use of a set of biodynamic preparations, including a nettle-containing
compound preparation, was found to have a balancing effect on the yields of maize and winter wheat. This
effect may have been caused by greater root growth and improved root health. Biodynamic farmers use
‘preparations’ to improve soil and crop quality, including fermented herbs to inoculate manure and compost,
and field sprays that are either made from cow manure and silica fermented in cow horns, or from special
mixtures of cow manure with concentrated applications of herbs (‘compound preparations’) (Koepf et al.
1989). In several studies biodynamic preparations have had hormone-like effects on various crops (Stearn,
1976; Goldstein, 1979; Goldstein and Koepf, 1982; Fritz, et al., 1997) and they can increase root growth
(Bachinger, 1996; Goldstein, 1986). In Germany the biodynamic sprays increased crop yields (cereals and
vegetables) on years where yields were low (Raupp and Koenig, 1996). Very little research has been done
on compound preparations. These materials are often utilized as compost “starters’ or as field sprays and
various formulae exist for their production. Our objectives were to compare conventional, organic, and
biodynamic systems of fertilization on the yields of crops, and to test a newly developed nettle-containing
variant of the ‘compound preparation’ field spray commonly used in biodynamic management.

Methodology

An experiment was carried out for 6 years near Elkhorn, Wisconsin in a precipitation zone of approximately
720 mm/annum, on a McHenry silt loam (alfisol) that had been in continuous, conventional maize
production. In 1993 a crop of oats and alfalfa was harvested in a checkerboard, and test plots for
conventional, organic, and biodynamic systems were set out in 1994 on uniform, equally yielding parcels of
soil in a randomized, complete block design with 4 replications. Average soil characteristics for pH, %
organic matter, available P and K were 6.9, 2.43%, 18.5 ppm, and 110 ppm, respectively. The biodynamic
plots were partitioned into subplots and five different biodynamic treatments were compared, including a
check without compound preparations, and treatments including four different compound preparations. Of
all the treatments used in the study, root growth was examined on only four treatments (conventional,
organic, the biodynamic check which did not receive compound preparations (BD), and the treatment that
included the new nettle-containing biodynamic compound preparation (BD+)). Plots were approximately 4
m X 7 min size for the organic and conventional and 4 m x 3.5 m for the biodynamic subplots. The
biodynamic check treatment (BD) differed from the organic only by receiving biodynamic preparations
according to normal practice (Koepf, et al., 1989). This entailed application of biodynamic herbal
preparations to compost piles and application of horn manure and horn silica to soils and crops, respectively.
The BD+ treatment was the same as the BD treatment except that it received two extra applications of a
compound preparation field spray made from a fermented mix of cow manure, stinging nettle (Urtica dioica
L.) and the biodynamic herbal preparations. The mixture consisted of 40 kg of fresh cow manure, 1% by
weight of nettle and one set of biodynamic preparations (yarrow (Achillea millefolium L.), chamomile
(Matricaria chamomilla L), stinging nettle (Urtica dioica L.), oak bark (Quercus robur L.), dandelion
(Taraxacum officinale L.), and valerian (Valeriana officinalis I.)). The nettle had been harvested when in
flower and chopped to 2.5 centimeter long pieces. The mixture was allowed to compost in a wooden box
inserted into the top 30 centimeters of a loamy topsoil with a loose fitting cover for at least % year before
being used. The formula for this preparation had been developed at Michael Fields Agricultural Institute in
laboratory trials involving bioassays with wheat seedlings grown in tap water and nutrient solutions
according to Goldstein and Koepf (1982). In these studies the nettle containing preparation had shown both
growth stimulating and regulating effects (Goldstein, unpublished data). Conventional management
consisted of a maize-soybean rotation with annual applications of mineral fertilizer to corn (mostly 169-112-
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112 kg of N, P, and K per hectare). Organic and biodynamic systems used a 6-year rotation: 1) maize; 2)
oats + sweetclover; 3) sweetclover for seed; 4) winter wheat + grass & alfalfa; 5) grass + alfalfa hay; 6)
grass + alfalfa hay, and was fertilized with 22 t/ha of composted sheep manure before maize was grown.
Mechanical cultivation controlled weeds in all systems. All crops in each phase of the two rotations were
grown each year. Monoliths were excavated around the crown of three plants from each plot, 3-times in
1998 and twice in 1999. Root length and necrosis were determined on individual nodes of washed roots
using the line intersect method (Goldstein, 2000) or ‘WinRhizo’ computerized measuring system. Data from
samplings for individual root nodes were summed (Goldstein, 2000) to estimate root length and dry matter
production. Results were analyzed using regression and analysis of variance tools available from Statistical
Analysis Systems, Cary, N. Carolina.

Results and Brief Discussion

Five years of data are available for wheat (1995-1999) and maize (1994-1998). In 1999, the maize crop was
damaged badly by deer before harvest and yield data was not used. Yields of other crops will be reported
elsewhere. Yield of Wheat: The BD+ system resulted in 403 to 605 kg /ha more grain than did the organic
system. A negative linear relationship existed (Diagram 1).
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Diagram 1: The effects of the biodynamic treatment on the yields of winter wheat (2 varieties) relative
to the organic treatment including data of replications (1995 — 1999).

When the organic plots yielded below 4.5 Mg/ha, the biodynamic + treatment had a positive effect on wheat
yields. If the organic wheat yielded 2, 3, 4, 5 Mg/ha, the predicted yield increase from using the preparations
was 0.89, 0.54, 0.12, and —0.15 Mg/ha, respectively. Yield of Maize: Five years of trials showed average
yields of 5.58, 6.71, 6.77, and 7.15 Mg/ha of grain for the conventional, organic, BD, and BD+ treatments,
respectively. Yields from the conventional plots lagged behind the organic and biodynamic plots throughout
the experiment. As had been the case with wheat, the largest differences between organic and BD+
treatments occurred in those years where yields were low (Diagram 2).

ISOFAR: Proceedings of the Conference “Researching Sustainable Systems”, Adelaide 2005 page 215



BD effect (kg/ha)

4000
y =-0.3684x + 2866.5

3000 - ‘ R2 =0.436
2000 4 ’ P <0.01

1000 - ”

0 i‘
-1000 - *

-2000 A 'S

-3000 A

-4000

0 2000 4000 6000 8000 10000 12000
Yields of the organic treatment (kg/ha).

Diagram 2: Effects of the biodynamic and treatment relative to organic on the yields of maize
(1994 — 1998).

These happened to be the first two years of the conversion period. When the organic plots yielded below
7.78 Mg/ha, the BD+ treatment had a positive effect on maize yields. A negative effect occurred when
maize yields were higher than this. If the organic maize yielded 2.5, 5, 7.5, or 10 Mg/ha, the expected yield
increase from using the preparations was predicated to be 1.95, 1.02, 0.1, or -0.82 Mg/ha, respectively.
Maize Roots: In 1998, the organic system had significantly less total root length than the conventional
treatment. The two biodynamic treatments were intermediate for length. There were no significant
differences in the length of healthy and diseased roots between treatments. The conventional and BD+
treatments produced significantly more root weight than the other two systems (Diagram 3). The organic
treatment produced only 75% and 69% of the root weight achieved by the BD+ and conventional treatments,
respectively. In 1999, maize grown in BD+ had significantly more total root length and healthy root length
than did the organic and conventional treatments. Both of the biodynamic treatments had significantly more
root weight than the organic and conventional treatments (Diagram 3).
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Diagram 3: Average root weight in 1997 and 1999 for maize grown in different farming systems
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Conclusions

Our results show that the set of biodynamic preparations that were tested in BD+ had a yield stabilizing
effect on wheat and maize. The kind of response as exemplified by the response slopes is practically
identical for wheat and maize, indicating that the effect is of the same magnitude for both crops. Our results
suggest that preparations increased root growth strongly in maize and that the magnitude of the effect was
greatest with the biodynamic treatment that received the most preparations. This “yield-balancing’ effect
could be important for reducing financial risk, and it may indirectly due to enhanced soil quality and rooting.
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Abstract

Yield differences and trends, organic matter accumulation, and the loss of nutrients to deeper soil horizons
are discussed using data from organic and conventional maize/tomato cropping systems from the Long Term
Research on Agricultural Systems Project (LTRAS) at the University of California, Davis. Compared to the
conventional system, higher and increasing yields of tomatoes were observed in organic systems, but lower
yields of maize. Fruit quality, measured as soluble solids, was not significantly different. Soil organic
matter increased in the organic system, but remained stable in the conventional one. More irrigation water
was used in the organic system than in the conventional one due to higher rates of infiltration, but less
winter runoff occurred during the rainy season for the same reason. There was no measurable loss of
inorganic N (NO3, NH4) in soil to 3 m depth in either the conventional or organic system after ten years of

farming.

Introduction

Gradual changes in soil properties that affect long-term productivity may be hard to detect. The Long-Term
Research on Agricultural Systems project (LTRAS) at the University of California at Davis was designed to
detect and estimate changes in crop productivity trends due to the effects of differing irrigation and
fertilization practices as well as environmental changes related to management. It includes an organic
cropping systems comparison in which maize and tomatoes are grown in rotation and compared to
conventionally produced crops. Many assume that organic farming systems are sustainable, but there are
few data available about the performance of organic systems over time, either farms or experimental
systems (Kaffka and Koepf, 1987; Kaffka, 1985; Mader et al., 2002). The LTRAS experiment was inspired
by results from other locations like Rothamsted in England, which has demonstrated that short-term trends
can be poor predictors of long-term sustainability (Johnston, 1994).

The primary objective of the LTRAS project is to understand the relationships between sustainability and
external inputs in locations with Mediterranean to semi-arid climates where irrigation is essential for crop
production. The 10 cropping systems in the LTRAS experiment differ mainly in how much irrigation water,
nutrients (particularly nitrogen) and carbon are added. One system follows organic farming guidelines and
several are biologically-based, relying on nitrogen-fixing legume cover crops for fertility. Sustainability is
determined from long-term trends in yield, profitability, efficiency in the use of limited resources (such as
water or energy), and environmental impact, such as leaching of nitrate or pesticides. Trends in key soil
properties, such as organic matter, pH, and salinity, changes in weeds, pests, and diseases are monitored to
see whether any of these are good predictors for long-term sustainability. This report focuses on results
from comparisons between organically (OCT) and conventionally (CCT) farmed maize/tomato systems after
11 years of differing management.

Methods

Following uniformity cropping with sudan grass (Sorghum vulgare) in 1992 and 1993, ten different
cropping systems were established using 0.4 ha plots (Denison et al., 2004). Each cropping system is
replicated three times and both phases of the two-year systems are present in each year. Systems differ in
the amount of irrigation received (rain fed or irrigated) and in the amounts of N and organic matter applied
to the soil either as winter legume cover crops, fertilizer, or composted manure. Crop yields and total
biomass are measured and analyzed for total N and C. Record keeping and sample archiving includes yearly
plant samples from all cropping systems, and time zero and subsequent soils samples collected every few
years. Inyear 10, six soil cores to 3 m in depth were collected from each plot and analyzed in eight
segments for N and pesticides to compare losses from the differing systems. Plots are large enough to allow
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for the use of commercial scale farm equipment, and records are kept for machinery and labor requirements.
Daily weather data are collected at the site and irrigation amounts applied are measured using flow meters
located at each irrigated plot. Systems rather than single inputs are compared, so a valid comparison requires
that each system be managed as carefully as possible to achieve its potential yields. For example, both
systems are irrigated as needed and amounts are recorded using water meters, but conventional and organic
systems receive different amounts of N and C depending on what is judged best for each system.
Conventional maize tomato systems receive 235 kg N ha-1 yr-1, while OMT receive approximately 160 kg
N ha-1yr-1 as an annual winter legume cover crop and approximately 4.5 Mg ha-1 yr-1 (DW) composted
poultry manure (250 kg N ha-1 yr-1) on average. Planting dates also differ due to the use of winter legume
cover crops in winter in the organic system, but not in the conventional one. The systems studied are
simplified compared to actual farms, however, and are chosen to include representative crops rather than
more complex, changeable crop rotations. California farmers rarely follow fixed crop rotations, but organic
farmers especially tend to have more complex rotations than the one studied at LTRAS. Because plots are
smaller than most actual farm fields (0.4 ha) and because of simplified crop rotations, comparisons at
LTRAS may not allow for representative assessment of many secondary agro-ecological characteristics like
insect and weed problems compared to actual farms.

Results and Discussion

After 10 years of management, soil organic matter levels differ significantly between the conventional
(CMT) and organic (OMT) maize/tomato systems. OMT plots had 90 Mg C ha™ added over the period from
crop residues, legume cover crops, and composted manure, while CMT systems had 52 Mg ha, entirely
from crop residues. Soil organic matter levels increased in the OMT system, but remained stable in the
CMT one (Kong et al., in press). In a carefully conducted assessment of the role of soil microorganisms and
mineral N, Burger and Jackson (2003) reported that potentially mineralizable N (PMN) was approximately
twice as abundant in the organic system (tomato phase) as in the conventional one throughout most of the
season, and supported a much larger active soil microbial biomass community. This microbial community
rapidly absorbed mineral N compounds present, especially NOs—N. Increased infiltration of surface-applied
irrigation water due to greater organic matter levels and the cumulative effects of cover crop growth on
infiltration resulted in larger amounts of water being used for irrigation in the OMT system compared to the
CMT (6,860 m® ha™* compared to 13,350 m® ha* in 2003). Results are partly an artifact of the size of the
plots, which limits the length of the irrigation run, and likely would be different (comparable) using
sprinkler or drip irrigation systems. For the same reason, and due to cover crops in the winter period,
surface water runoff volume during winter was less in the organic than in the conventional system (W.
Horwath, personal comm.). Based on analyses to date, there have been no significant differences in the loss
of inorganic N (NO;, NH,) between organic and conventional maize/tomato systems observed to date based
on the analyses of soil core samples taken to 3 m in depth after the tenth year of cropping (Fig. 1). Both
systems seem to be environmentally benign so far with respect to this system property.

Average grain yields on a dry weight basis for CMT maize were 11,990 kg ha™ yr*, while for OMT they
were 7,250 kg ha yr*. The coefficient of variation (CV) for inter-annual yield variation was 14.1 % for
CCT and 26% for OCT. Lower grain yields result in part from different planting dates used between the
conventional and organic system. To allow vetch/pea winter legume cover crops to produce sufficient
biomass and fix enough N, they must grow until early April. After incorporation, there must be a 30-day
period for decomposition to avoid damage from the seed corn maggot (Delia platura), which is associated
with incorporation of fresh organic matter. This results in an unavoidable delay in planting of 40 days or
more compared to conventional maize crops and is a structural yield disadvantage associated with organic
production in this region, at least until an acceptable organic method of controlling this insect is developed.
There are sufficient heat units to mature the later-planted maize crop, but starting the crop later in the
summer season results in reduced yields because there is less seasonal light interception and
correspondingly less photosynthesis. Conventional and organic system maize yields by year are reported in
fig. 2A. Temple et al, (1994) reported similar maize yields among conventional, intermediate and organic
systems when planted at similar dates.

Results for fruit yields of tomato, the more profitable crop, were opposite those for grain yields. CMT
tomato yields (fresh weight of harvested fruit) were 56 Mg ha® yr* while OMT yields were 63.3 Mg ha™ yr’
. In this case inter-annual variation in yield was less in the OMT system: 18% compared to 30.4% in the
conventional system. Yields are apparently stable for conventional maize but may be declining in the
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organic system.. No yield trends are apparent for tomatoes (fig. 2B). Tomato fruit quality was compared at
harvest over the period. Soluble solids are a standard measure of quality, and are used as the basis for
payment to farmers. There were no significant differences between the cropping systems in soluble solids
(Fig. 3).

Conclusions

Comparisons of organic and conventional maize/tomato systems after 11 years of contrasting management
indicate that soil quality, measured as total and protected organic C, can be improved using organic systems
with winter legume cover crops and external inputs of composted manure in a Mediterranean climate zone.
Increases in soil organic C do not appear to have reached a limit (Kong et al., in press). Improving soil
quality, so defined, did not increase tomato yields, suggesting that there was no yield benefit from further
increasing organic matter above moderate levels. In contrast, there appears to be an unavoidable yield loss
associated with delayed planting of organic maize. Sustainability in agriculture is a composite quality in
which different measures of system performance can be included. In some of the biophysical measures of
system performance, such as nutrient retention and loss and tomato yield and quality, the organic system has
performed as well or better than the conventional one, but in others like maize yield and irrigation water use
efficiency, not as well.
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Abstract

The environmental impacts of the conventional and organic farming systems practised in the DOC trial
(organic-dynamic, organic and conventional farming) have been assessed by the SALCA life cycle
assessment method. Both organic farming systems were more favourable for the environment in all
investigated impacts per area unit. When analysed per product unit, clear advantages of organic farming
were found for ecotoxicity and the use of mineral resources, while energy use and eutrophication were
similar to conventional farming. Reducing fertilisation by 50% led to lower or equal environmental impacts
for all systems, depending on the impact category and the functional unit. The analysis of single crops
revealed large differences that are partly counterbalanced by other crops in the crop rotation. The eco-
efficiency of organic potato production in particular should be improved.

Introduction

The intensity of agricultural production increased dramatically during the twentieth century. The higher
productivity is, however, to a large extent due to the intensive use of mineral fertilisers and synthetic
pesticides with potentially adverse impacts on the environment. Organic production was one of the ways
proposed to reduce negative environmental impacts of intensive farming. In order to compare the
sustainability of organic farming to that of conventional farming, long-term studies are needed, since the
transitional phase from conventional to organic production tends to be a long one. This paper evaluates the
environmental impacts of different farming systems in a Swiss case study.

Methodology

Organic and conventional farming systems were compared since 1978 in the DOC trial in North-Western
Switzerland (Méder et al. 2002). Three farming systems are practised (Tab. 1): organic-dynamic (D),
organic (O) and conventional farming with mixed fertilisation (mineral and organic, C). A conventional
control with pure mineral fertilisation (M) was also included. Three fertiliser levels were considered:
standard fertilisation according to the recommendations (level 2), 50% of standard fertilisation (level 1) and
no fertilisation (level 0). The system without fertilisation (DO) is often also called “N”.

Tab. 1: Overview of the farming systems in the DOC trial. The amounts of the nutrient elements N, P
and K per ha and year are given in parentheses as “(kg total N/kg P/kg K)” for the period 1985-
98.

Farming system Organic-dynamic Organic Conventional/integrated

Form of fertilisers organic Organic mineral mineral
organic

Normal fertilisation (100%) D2 (93/22/170) 02 (86/25/131) C2 (165/39/262) M2 (125/39/249)

Half fertilisation (50%) D1 (47/11/85) 01 (43/13/65) C1(83/19/131)

No fertilisation (0%) DO (0/0/0)

The experiment was designed as a Latin square and consisted of crop rotations of seven years each,
including the following crops: potato, winter wheat, beetroot, winter barley and clover/grass. In this study,
the 14 years of the second and third crop rotation (1985-1998) were analysed. The crop rotations were
identical for all farming systems. Comparisons of systems are possible along the rows and columns in Tab.
1.
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A life cycle assessment (LCA) was performed by the SALCA method (Swiss Agricultural Life Cycle
Assessment) according to Rossier & Gaillard (2004) and Gaillard et al. (2005), using the ecoinvent database
(Frischknecht et al. 2004). The yields, quantities of fertilisers, pesticides and seed as well as the application
dates were taken directly from the experimental records. The machine work processes were also taken from
the experimental records, but for the purpose of the LCA calculation a mechanisation level typical in
practice was assumed. Direct field emissions (ammonia, nitrate, nitrous oxide, nitrogen oxides, phosphorus
and heavy metals) were estimated by emission models, partly using situation specific parameters. The
analysis was carried out for the crop rotations as well as for individual crops. The following environmental
impacts were analysed: use of non-renewable energy resources, global warming potential, ozone formation
potential, eutrophication potential, acidification potential and aquatic and terrestrial ecotoxicity potentials,
human toxicity potential, land occupation and use of the mineral resources P and K. By means of
multivariate techniques (factor or principal component analysis) and correlation, the impacts — with the
exception of land occupation, which requires separate consideration — were grouped into three categories
(see Rossier & Gaillard 2004). From each of these groups, one representative impact (underlined) was
chosen for a detailed analysis:

Group 1/ Resource management: use of non-renewable energy resources, global warming potential, ozone
formation potential, mineral resources P and K,

Group 2 / Nutrient management: eutrophication potential and acidification potential,
Group 3/ Pollutant management: terrestrial ecotoxicity, aquatic ecotoxicity, and human toxicity.
Two functional units were considered, representing two main functions of agriculture:

Soil cultivation function: the functional unit is 1 cultivated hectare per year (ha*a) and the environmental
goal is to reduce area intensity, i.e. to cultivate the area with minimal adverse environmental impacts.

Productive function, representing the production of food and feedstuff. This is measured as 1 kg dry matter
of main products (without straw). The environmental goal is to increase eco-efficiency.

Results and discussion

Fig. 1 shows that the environmental impacts are lower per area unit in the organic systems D and O. This
reflects the lower production intensity of organic agriculture, owing to the ban of mineral fertilisers and
synthetic pesticides. The eco-efficiency (environmental impacts per kg product) of the organic system is
better for toxicity, but not for energy use and eutrophication. Organic yields amounted on average to less
than 80% of the conventional yields.

Energy use (characterised by the “cumulative energy demand” method according to Frischknecht et al.
2004) is dominated by the use of machinery (including fuel) and the production of mineral fertilisers.
Mechanisation differs only slightly between the systems. The largest differences are therefore explained by
the use of mineral fertilisers, nitrog