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7. Midterm description of the project, its results and progress, and
application for continuation in 2003

A. Project summary

The development of organic vegetable production in Denmark is delayed by the fact that only a few
species have been grown successfully in substantial amounts. To be able to fulfil the consumer de-
mand for organic vegetables, all the major species must be produced in significant amounts. Such a
diversification is now apparently taking place, and it is a major aim of the project to contribute to this.
The major problems limiting the production of some of the main vegetables can be identified to be in-
sufficient nutrient availability, difficulties with pest and disease management, and product quality.
There is a lack of knowledge on cultivation methods adapted specifically for handling these problems
in organic vegetable production. Several interactions exist between these problems and neither of
them can be handled in isolation.

In this research project the major objective is therefore to create better opportunities for an in-
creased organic production of a wider range of vegetables and other crops. The partial objectives ad-
dress three important problem areas and their interaction and are to improve: i) nutrition of the crops,
ii) handling of pests and diseases and iii) quality of the produce.

Development of cultivation techniques aimed at crop protection and quality and an improved basis
for selecting well-adapted varieties will be very important for the development of organic vegetable
production, and these subjects are addressed in the project. A major management option to handle a
number of problems is to use catch crops and autumn green manures strategically in the crop rotation.
The studies on catch crops involve a number of topics ranging from improving their effects on N leach-
ing losses and on N supply for main crops, to beneficial effects on other major plant nutrients as K, S
and P, and to aspects of soil biology relevant for crop protection.

Furthermore, catch crops may have other beneficial or undesirable effects on pests or diseases
and these subjects are also addressed in the project. It is obvious that if other advantages, apart from
improved N husbandry can be gained from the catch crops, this would encourage farmers to grow
them more often. Therefore, improving the N effects, and improving the chances to use catch crops
for other purposes at the same time can reduce leaching losses to the environment and improve the
living conditions for soil organisms, which may serve as predators for pests.

The focus on catch crops and green manures may seem limited in a project on organic vegetable
production, where animal manures often constitute an important part of the nutrient supply. However,
we choose this focus for several reasons. Most of the vegetables are produced on plant production
farms, where the access to farmyard manure and other manures will be limited. On such farms catch
crops and green manures offer the possibility to utilise internal farm resources to improve the system.
Lots of work has been done on the effects of farmyard manure during many years, and other
DARCOF projects deal with this. We therefore believe that by focusing on the catch crops and green
manures, we could contribute more new and innovative tools for management of plant nutrition and
other aspects of organic production in sales crop rotations, and work with methods which hold the po-
tential to improve the environmental as well as the agronomic aspects of the system at the same time.

Below is a list of the 9 work packages included in the project. After that, a short description of the
activities planned within each of the work packages is included, which can be consulted when reading
about the progress and results of the work packages under C. Midterm results and progress below.

Table A.1: Work package list (from application)

Work- Work package title Responsible par- Budget |Start |End

package ticipant

No

1 Nitrogen relationships of vegetable crops, and | Kristian Thorup- 1.91 2000 2004
project co-ordination Kristensen

2 Entomopathogenic nematodes in organic Holger Philipsen 1.25 2000 2003
cropping systems

3 Varieties, growing stability, disease resistance | Gitte Kjeldsen Bjorn | 1.24 2000 2004
and quality

4 Catch crops as a tool for increasing P bioavail- | Lars Stoumann Jen- | 0.67 2001 2003
ability on soils of low P status sen
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5 Influence of autumn green manure crops on | John Larsen 1.24 2002 2004
club root (Plasmodiophora brassicae)

6 The effect of catch crops on soil mesofauna Jorgen Aagaard Axel- | 0.57 2000 2004
and earthworms sen

7 The effect of catch crops on N and K leaching | Margrethe Askegaard | 1.62 2001 2004

and crop production, with focus on coarse
sandy soils.

8 Very deep-rooted crops and catch crops in the | Kristian Thorup- 1.82 2000 2004
crop rotation, N dynamics and modelling Kristensen
9 The effect of catch crops on sulphate leaching | Jorgen Eriksen 0.95 2001 2002

and availability of S for the succeeding crop

Objectives and work description for each work package

WP1: Nitrogen relationships of vegetable crops, and project co-ordination.

Objectives

1) To co-ordinate the VEGCATCH project.

2) To acquire information about rooting depth during growth, soil N depletion, N uptake dynamics, N resi-
dues left in the soil, and the amount and quality of crop residues by a number of vegetable crops. For
some vegetable crops where this is relevant, rooting depth and soil depletion below 1.0 m will be studied.

3) To supply data on N root growth and N dynamics for model simulations (Project BIOMOD) and for devel-
opment of the decision support system on the use of catch crops (WP8).

4) To test the value of green manure crops incorporated in the late spring, as an N source and alternative to
full year green manure for N demanding vegetable crops.

Description of work

Coordination of the project includes the production of status reports etc.. Further, it includes securing that general
information about the project is communicated. This will be done through articles about the project and arranging
a workshop for farmers, advisors, and others. A yearly workshop, where the participants of the project will meet
and exchange results and ideas will also be arranged. Finally, the coordination includes follow up on the single
work packages.

Crops of Chinese cabbage, celery, red beets, sweet corn, iceberg lettuce and leek will be grown and their
root growth will be studied with a minirhizotron system. Samples will be taken during the growing period to
determine biomass production, leaf area and N uptake and related to root growth (depth and distribution). At
harvest yield, N uptake, N in crop residues and amount and depth distribution of N residues in the soil will be
measured. The vegetable crops will be grown after autumn and spring incorporated green manure crops, to
study the interactions between rooting depth and N demand and variable soil N profiles. Three of the crops
will be studied during the years 2000 and 2001, and the other three will be studied during 2002 and 2003.

For carrot and white cabbage root growth and soil depletion will be followed to at least 2.0 m depth, this
study will be combined with catch crop studies (see WP8). These vegetable crops will be grown in 2001 and
2002.

Two legumes will be established as undersown crops in spring cereals, and left to grow in the autumn,
and then incorporated either in March before growth resumes in the spring, in early May or in late May. Bio-
mass production, N content and C/N ratio in the legume material will be measured in November and at the
time of incorporation. White cabbage will be established in early June, and growth, yield and N uptake meas-
ured, and compared to plots without preceding legumes. N, will be measured in the late summer in sub-
plots where no cabbages were grown. The legumes will be established by undersowing in spring cereals in
the spring of 2000 and again in 2001, and their effect on N supply for vegetable crops will thus be measured
in 2001 and in 2002.
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WP2: Entomopathogenic nematodes in organinic cropping systems

Objectives

1) To study differences between cropping systems - especially systems including catch crops - and the abil-
ity of the different systems to support growth or maintenance of entomopathogenic nematodes.

2) To study whether specific crops (especially cabbage and carrots) can benefit from entomopathogenic
nematodes occurring in the above mentioned systems

Description of work

1) Interactions of entomopathogenic nematodes, pest insects and plants in the organic cropping sys-
tem at Arslev.

In each of the six fields in the Arslev system, plots of 4-9 square meters will be marked and monitored for
naturally occurring entomopathogenic nematodes in April 2000. Depending on the results, a proportion of the
test plots will be inoculated with entomopathogenic nematodes of one or more species to ensure measurable
amounts of nematodes in the given plot. The test plots will be selected to enable studies on the impact of
main crops and catch crops on entomopathogenic nematode population dynamics. The number of entomo-
pathogenic nematodes in each of the test plots will be quantified in April/May, July/August and Octo-
ber/November in each year by baiting soil samples with Galleria mellonella and Tenebrio molitor followed by
dissection to reveal the numbers of entering nematodes. Each year at the end of each growing season, crop
production and the number of pest insects at the plants in the carrot and cabbage fields will be estimated. In
addition the occurrence of indifferent or beneficial insect species will be quantified in test areas with high and
low success in nematode establishment.

2) Comparing levels of entomopathogenic nhematodes on neighbouring farms with different cropping
systems.

Neighbouring farms will be selected that are identical in regard to as many parameters as possible but with differ-
ent growing systems. Selected farms with short and long organic farming history will be compared to their
neighbouring farms in relation to nematode prevalence. The main focus will be put on organic growers including
vegetables in their rotation system. Up to 10 pairs of farms will be studied by taking soil samples. Each of the
samples will be baited and nematodes will be quantified and identified and correlated to cropping system, soil
type and number of years with organic farming.

3) Screening of plant species for their value of supporting populations of entomopathogenic nema-
todes.

At KVL experimental farm Snubbekorsgard different plant species (mainly selected catch crop species
from WP8) will be screened for their ability to preserve populations of entomopathogenic nematodes. The
plants will be chosen among plants being regarded as valuable catch crops in the rotation system. Soil sam-
ples will be taken and nematode numbers quantified as described above (part 1).

4) Susceptibility of beneficial arthropods to entomopathogenic nematodes.
Through out the years beneficial arthropods will be collected and their susceptibility to entomopathogenic
nematodes will be tested in the laboratory. As a minimum 10 species will be tested each year.

WP3: Varieties, growing stability, disease resistance, and quality

Objectives

1) To help the organic growers to choose the most stable and well-adapted varieties in crops like cauli-
flower, carrots and onions, and to make guidelines for choosing varieties with optimal characteristics for
organic growing.

2) To study the significance of various pests, diseases and quality defects in vegetables grown in organic or
conventional production systems, and if possible to identify pests or disease which are less severe in or-
ganic than in conventional vegetable production for future studies of natural regulation of pest organisms.

Description of work
Varieties of the most important vegetable crops (e.g. Carrot, cauliflower and onion) will be tested in the organic
rotation in Arslev, parallel to the conventional variety trials normally performed in Arslev.

Varieties of the three crops will be tested each year from 2000 to 2004 to get reliable information of differences or
similarities in the two growing systems. We plan to include varieties of more vegetable species (e.q. broccoli and
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Chinese cabbage) in the tests, but not all five years; the final choice of species will depend on which ones are to
be tested conventionally anyhow.

From emergence to harvest a number of parameters will be registered: Leaf top size (relevant for weed competi-
tion), growth duration, harvest spread, yield, product quality, damages by diseases (e.g. Downy mildew, Cavity
spot, scab and Alternaria) and pests (e.g. cabbage root fly, carrot fly, aphids, caterpillars and cutworm). After har-
vest carrots and onions will be placed in cold-storage to register the susceptibility to storage disorders (e.g. wa-
tery soft rot, crater rot, neck rot and liquorice rot). Samples will be taken in the two growing systems to quantify
the amount of entomopathogenic nematodes (WP2) that may be one reason for possible differences in damage
by important pests.

WP4: Catch crops as a tool for increasing P bioavailability on soils of low P status

Objectives

1) To test selected catch crop species for their P uptake capacity on a low P status soil.

2) To quantify the influence of these catch crops on subsequent main crop yield and P uptake

3) To quantify possible interactions between catch crop species, the crop rotation (with or without grass-
clover ley) and additional P supply for the main crop.

Description of work

Studies will be carried out in a field experiment over two years. Catch crop species will include a fallowed control,
ryegrass and 3-5 selected species. This selection will be closely co-ordinated with the catch crop experiments at
Arslev and may draw on results of the wide screening of potential catch crops carried out by Rydberg (1998).
Species known to have special abilities for P acquisition (e.g. lupin, buckwheat) will be considered.

Experimental plots will be located at the Agricultural University Experimental Farm, Taastrup, in the Long-term
nutrient depletion trial, an 8.5 ha sandy loam field, which has been cultivated continuously with spring barley and
N, but no P and K fertilizer for more than 30 years (1964-1996), producing relatively low P and K test values
(approx. 10 mg bicarbonate-P and 50 mg extractable-K pr. kg soil). In 1996 a new field trial was laid out in ap-
proximately % of the field and two crop rotations were started, each with seven nutrient treatments and two repli-
cates (block design). Each major plot is approx. 1250 m”. In the remaining part of the field, the continuous spring
barley cropping has been carried on with N, but no P and K fertilizer.

Plots will be placed in one of the rotations where the last preceding crop was a second year grass-clover ley, and
the plot will subsequently be sown to spring wheat or barley, in which the selected catch crops will be undersown.

The catch crops will be placed in three treatments, differing in P availability and whether grass-clover ley pre-
ceded the spring wheat: i) treatment B (moderate NKS, but no P fertilisation, grass-clover ley preceding year), ii)
treatment D (moderate NPKS fertilisation, grass-clover ley preceding year) and iii) Outside (adequate N, but no P
and K fertilisation, continuous cereal cropping). The treatments will be carried out in 3 replicated, randomised mi-
nor plots within one of the major plots. In the following year, the catch crops will be undersown in spring barley in
the other major plot replicate, to avoid confounding.

Sampling and analyses will include i) biomass production and C, N and P content of the catch crops in late au-
tumn and early spring, ii) soil bicarbonate P; and P, in early spring and iii) main crop biomass production and P
content two or three times in the initial growth stages and once at harvest.
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WP5: Influence of autumn green manure crops on club root (Plasmodiophora brassicae)

Objectives

1) To identify crucifer species or genotypes with full or partial resistance to Plasmodiophora brassi-
cae

2) To identify crucifer catch crops that can be grown without increasing subsequent disease pres-
sure of P. brassicae or can actually reduce subsequent disease pressure.

Description of work

Resistance of different Brassica species to P. brassicae
A wide range of cruciferous crops, including exotic Brassica species suitable as a green manure crop are
tested for susceptibility to P. brassicae under controlled growth condition using natural homogenized in-
fested soil. Direct estimation of resting spores in the soil will be performed using the method described by
Botz et al. (1988).
Brassica species with high tolerance to P. brassicae or and reducing effect on the number of resting spo-
res are selected for test in field experiment.

Test of different Brassica and perennial green manure crops on disease pressure of P. brassicae
In field-experiments, the influence of a number of crucifer and perennial green manure crops on the sur-
vival of P. brassicae will be investigated. A bioassay method (Wallenhammar, 1996) using susceptible bait
plants is used to estimate the infection capacity of P. brassicae in autumn before sowing the green manure
crop and then again next spring before planting the cash crop e.g. red cabbage. The effect of the different
green manure crops on the red cabbage is evaluated by measuring the infection level by scoring for club
root symptoms and yield (quantity and quality) in the following growth season.

WP6: The effect of catch crops on soil mesofauna and earthworms

Objectives

1) To describe the effect of growing catch crops on the populations of a number of soil living animals, and to
test whether important differences exist among catch crops in their effect on the soil fauna.

2) To obtain data on the effect of catch crops on the soil fauna which can be used for modelling purposes in
the BIOMOD project.

Description of work

The effect of catch crops at different levels of nitrogen and potassium on the soil fauna.
The soil fauna will be sampled in the fields used by WP7. Sampling will take place regularly over the entire
cropping season in order to get information on the population development during the growth phases of
both the catch crop (autumn) and the following main crop (spring and summer). The data will be analysed
in relation to the catch crop species, chemical measurements from WP7 and crop yield.

The effect of deep-rooted catch crops on the soil fauna.
The soil fauna sampling will take place in the fields used by WP8. Sampling will start in autumn and con-
tinue until the following summer. Results will be analysed in relation to catch crop species and the data
measured in WP8

The effect of undersown catch crops in cereals on the soil fauna
Sampling will start already in the cereal where the undersown catch crop is being established and continue
until the harvest of the following main crop. Results will be analysed in relation to catch crop species and
the data measured in WP8
The results will be used to validate the food web model in the project “Interactions between nitrogen dy-
namics, crop production and biodiversity in organic crop rotations analysed by dynamic simulation models”,
if both project come through.

Sampling
Microarthropods will be sampled with a 5 cm diameter core sampler and extracted in the laboratory by a
high gradient extractor. Earthworms will be washed out from 25x25x25 cm soil samples taken with a
spade. Collembola and earthworm will be identified to the species level and mites to the group level.
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WP7: The effect of catch crops on N and K leaching and crop production, with focus on coarse sandy
soils.

Objectives

1) To test whether catch crops can significantly reduce K leaching losses on a coarse sandy soil, and
whether legume catch crops will reduce K leaching more than non-legumes, as their growth is not N lim-
ited.

2) To test whether undersown legume catch crops can supply enough N to sustain continuos grain produc-
tion on a coarse sandy soil.

3) To identify legume- and non-legume catch crop species suitable for undersowing on coarse sandy soil.

Description of work
The investigation is carried out on two locations: on a coarse sandy soil low in exchangeable K at Jyn-
devad experimental station and on a sandy loam at the organic vegetable workshop area at Research
Centre Arslev.

Jyndevad:
Field experiment 1: An experiment with three catch crop treatments: Clover, ryegrass and no catch crop
will be established. These treatments are tested under two N-levels (i.e. undersown in barley or lupine)
combined with two levels of K availability originating from K fertilisation at the start of the experiment. Dry
matter yields and nutrient content in the catch crop, are measured. The following spring a cereal crop will
be established and the yield measured. Soil analysis of mineral nitrogen, the different K fractions and other
relevant soil parameters are carried out. This experiment is carried out in collaboration with a research pro-
ject focusing on protein crops (see collaborative partners).

Field experiment 2: Two types of persistent catch crops, a non-N,-fixing and No-fixing, are established each
year in a four year continuos spring cereal rotation. Dry matter yields in the catch crops, grain yield, nitrate
and potassium leaching, N,-fixation among other essential plant and soil parameters are measured.

Field experiment 3: A number of different non-N,-fixing and N,-fixing catch crops and their mixtures are un-
dersown in a spring cereal. Dry matter yield and nutrient content of the catch crop and grain yields of the
cover crop and the succeeding spring cereal are measured among other essential plant and soil parame-
ters.

Yield and leaching results from the treatments with and without catch crops in an ongoing project at Jyn-
devad “Crop rotations for cereal production in organic farming” (see collaborative partners) will be used in
the data analysis in order to relate the results to a crop rotation level.

WP8: Effects of very deep-rooted crops and catch crops on N dynamics and modelling

Objectives

1) To test the significance of including crops and catch crops with very deep rooting into cropping se-
quences on the N dynamics in the soil, especially the effects on N dynamics in soil layers below 1.0 m (to
2.0 mor to 2.5 m if possible). Special emphasis will be given to the significance of differences in root
growth among species which all have effective rooting depths of 1.0 m or more.

2) To obtain data on root growth and soil N dynamics which can be used to validate model simulations of
deep soil N dynamics.

3) To identify plant species with very deep rooting which can be established as undersown catch crops in
cereals.

4) To utilise current knowledge and results obtained through objectives 1)-3), and simulation modelling to
build a decision support system for optimal catch crop strategies.

Description of work
An experiment at Arslev with three year long cropping sequences including species with very different root-
ing depth will be made to study the effect of very deep rooting on N dynamics especially in the subsoil. The
experiment will start with catch crops in the autumn at a high leaching position in the crop rotation, where
plots will be grown with Italian ryegrass, fodder radish or no catch crop. In the following year leek, carrot
and white cabbage will be grown, and in the third year barley will be grown with either no catch crop, or
catch crops of ryegrass or chicory (or another species which has been found to have very deep rooting,
see Objective 3). We will not grow all 27 possible combinations, but 10 selected to allow us to make the
most relevant comparisons. The experiment will be repeated twice (one series started in the autumn of
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2000 and the next in the autumn of 2001) and have two replicates each year.

In the experiment, rooting depth of the crops will be measured with the minirhizotron system, where minir-
hizotrons extending to a depth of approx. 2.2 m will be used. Soil sampling to a depth of 2.5 m will be made
in the late autumn and again in the spring and the content of nitrate-N determined, with a final sampling in
the spring of year 4 to estimate the effect of the undersown catch crops. Some of the soil samples will be
analysed for sulphate as well (see WP9) or soil water will be extracted and analysed for content of impor-
tant ions (see WP7).

An experiment will be made to identify very deep-rooted plant species, which can be grown as undersown
catch crops in spring barley. Chicory and other relevant dicot species (including some interesting legume
species) with potentially deep rooting will be grown as undersown catch crops in barley, and compared to
plots with perennial ryegrass and control plots. The experiment will be made on a field where significant
amounts of available N will be present in the subsoil. In November soil samples will be taken to 2.0 or 2.5
m. Root growth will be tested with 2.2 m deep minirhizotrons on the species which are found to be most
interesting; in the first year at least on ryegrass and chicory. N uptake and C/N ratio of the catch crops will
be determined in the late autumn, and N, will be measured in the following spring to test whether the
catch crops can supply N for a succeeding crop as well as reduce leaching losses. We want to test approx.
20 crops, but do not have the capacity to test that many at once, thus the experiment will start in 2000 and
be repeated four times, but only the two control treatments (no catch crop and ryegrass) will be included
every year. Some of the species will be studied for their effect on S leaching and subsequent S
mineralization (see WP9), whilst other of the species will be studied for their ability to mobilise soil P (see
DéM)@smesit of a decision support system will be initiated with a synthesis of existing knowledge about the
effects of catch crops on crop rotation N dynamics, as it can currently be described by the dynamic simula-
tion model DAISY (Jensen et al., 1999). This will involve close co-operation with the modelling project
(BIOMOD), but in addition more detailed calibration of crop modules for various vegetable crops will have
to be performed as well as preliminary calibration of deep root development. All the scenarios described for
the experimental activities of this WP will then be simulated and the response matrix for the different stra-
tegies used as a basis for drafting the structure of decision support system. Once experimental data from
this WP and the scenario analyses of the modelling project (BIOMOD) are available in the later stages of
this project, further validation and refinement of the decision support system can be carried out.

WP9: The effect of catch crops on sulphate leaching and availability of S for the succeeding crop

Objectives
1) To determine the ability of catch crops to reduce soil sulphate concentrations during autumn and winter
2) To determine the ability of catch crops to make S available for the succeeding crop through mineralization.

Description of work
At the workshop area in Arslev a number of different catch crops and catch crop strategies are tested (see
WP8). With emphasis on the cruciferous species, these experiments are used as the basis for studying the
effect of catch crops on sulphate leaching and availability of S in the succeeding crop in combination with
pot experiments. The investigation is focussing on two aspects:

1 The ability of catch crops to reduce soil sulphate concentrations during autumn and winter
The soil sulphate content is determined in the soil profile under catch crops during autumn and winter by
soil sampling in 25 cm intervals in 0-150 cm. Concurrently, plant material is sampled to determine the S-
uptake in catch crops. The plots will be ltalian ryegrass, fodder radish or no catch crop. Additionally Chicory
and other dicot species will be used (see WP8).

2 Mineralization of catch crop S
The mineralization of S in catch crops is investigated by soil sampling in the field. To estimate the straight
effect of S, catch crops are furthermore incorporated in pot experiments under natural temperature condi-
tions (Eriksen et al., 1995) where other main nutrients are available. In pots without plant cover the timing
of the S release is followed by soil water sampling and in pots with plant cover its relation to plant needs is
determined. Factors capable of improving this synchrony (incorporation time, method and crop species)
are investigated. As test plant spring barley is used from which harvest yields will show differences in S
availability.

DARCOF I 1.10 Development of organic vegetable cultivation methods, and the use of catch crops to
improve the production and protect the environment



10

B. Objectives and expected achievements

The major research objectives of this project are to create better opportunities for an increased
organic production of a wider range of vegetables and other crops.

As shown in figure 1, we want to work with some of the main problems limiting current organic
vegetable production, i.e. pests and diseases, nutrient limitations and the interactions between them.
The partial research objectives have therefore been formulated to address these important problems
and their interaction as outlined in figure 1:

Improve nutrition of the main crops through strategic and integrated use of catch crops and green
manures and study both their direct effects on nutrient retention and mobilisation as well as indirect
effects through impact on soil fauna.

Handle pests and diseases through improved cultivation strategies, including the effects of catch
crops and green manures on pathogen pressure and natural fauna of predators of pest insects.

Improve the quality of the produce, through adapted cultivation methods, variety choices and in-
teractions with both diseases/pest and nutrition status

Work
Management options  packages Problems Objective

Soilfauna | wp Pest insects

* predators /

» food web Pests anddiseases
WPS | Pathogens / \

?rt:]';'t‘t’]zt(;o" /‘ Major objective:
. Increased production
. WP3 ]
. S;c;ipetc;hmce Quality ™| of a wider range of
- root growth organically grown
vegetables

A 4

Catch cropsand
green manures

* variety 1
* root growth
* persistence

Nitrogen 1

Phosphorous

Potassium

Figure 1. Overview of the major problems, management options and their interaction in relation
to an increased production of organic vegetables. The figure is not a representation of all
interactions, only the most important ones addressed in this project have been included. WP
refers to the work packages described in section 4 and 6.

» Nutrients

WP

To pursue the objectives a number of work packages have been designed. With these work pack-
ages we have aimed at tackling some, but not all, of the important problems identified in figure 1.

With the results from this project, a major achievement will be the improved recommendations to
farmers, advisors, and agricultural students. We expect the project to have a large impact on actual
production practices, as the major part of the research will be conducted in a functioning and well-
known vegetable crop rotation experiment (Thorup-Kristensen, 1999). The dissemination of results
naturally includes communication of already existing knowledge, most directly through the develop-
ment of a decision support system. New and already existing knowledge will also be communicated
through the project home page, through articles and lectures for farmers and advisors and through
education of students at the Royal Veterinary and Agricultural University. We plan to attach a number
of agricultural students to the project for doing their MSc projects.

Apart from fulfilling the defined objectives of the project, the results could be valuable in other con-
texts as well. If catch crops become more widespread in organic crop production, we believe that we
have not only contributed to an increase in organic production, but also done so in a way that is very
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well in line with the basic ideas behind organic farming. Growing catch crops is a biological method to
handle problems, and by growing a number of different plant species as catch crops we use the inter-
nal resources on the farms, and introduce a higher biological diversity. Further, catch crops can be
expected to favour soil organisms and other species in the agricultural areas, and to contribute to
maintain or build up soil organic matter.

Some of the results could also be very valuable to conventional farming. With increased environ-
mental concern, and regulations on the use of pesticides and N fertilizers, alternative methods for crop
protection, selection of more tolerant varieties and better understanding of how to design N efficient
crop rotations could be used directly in conventional farming. New legislation (since 1998) aimed at
reducing N losses from agriculture requires Danish farmers to grow catch crops on part of their area.
Results from this project, which make catch crops more useful for reducing N losses, increasing N
supply for main crops and achieving other goals could be valuable both for farmers directly, and for
future adjustments of the legislation.

Most scientific attempts to quantify N leaching losses are based on the assumption that the effec-
tive rooting depth is approximately 1.0 m. This assumption is used both when collecting soil water to
study the leaching experimentally, or when using simulation models to estimate N leaching in various
scenarios. If some crops or catch crops have effective rooting depths, which are significantly deeper
than 1.0 m, conclusions based on this assumption could be misleading, not only quantitatively, but
also give wrong conclusions when comparing the effect of various crops or other scenarios. The re-
sults from this project could help evaluate the validity of the hypothesis that 1.0 m can reasonably be
assumed to be the bottom of the rooting zone, or whether other approaches must be used to arrive at
the right conclusions.

C. Midterm results and progress

C.1 Description (summary) of main results and conclusions

The VegCatch project is now more than half way through the project period. The work packages are
not all running for the whole period, e.g. WP5 did not start until the beginning of 2002, whereas WP9
will end by the end of year 2002. Therefore the different work packages are at quite different stages as
it will be evident from the presentation of each of them below.

Interesting results have been produced, but there are few “final” results as yet. A main idea behind
the project was to study the effect of crops (main crops, nitrogen catch crops or green manures) on
succeeding crops in a rotation. Many of the single experiments run for a rather long time, as “pre-
crops” must be established, before the measurements of pre-crop effects can be made. In a few of the
experiments the same plots are followed for three years to study such effects during longer cropping
sequences. Therefore, most of the results presented in this report are preliminary.

In studying the pre-crop effects of main crops, the studies must concentrate on the crop species,
which are normally grown, as these crops are chosen by farmers based on the marked and the eco-
nomic results to be expected. When growing catch crops and green manures on the other hand, we
have found it obvious also to study species, which have not normally been grown. Catch crops and
green manures are grown for their effects on the soil, and the choice of plant species are not limited
by factors such as marketability.

In some of the experiments very significant effects of catch crops have been observed, with strik-
ing differences among the different catch crop/green manure species. This is the case with the effect
of catch crops on the population density and species composition of mesofauna and earthworms in
the soil, on rooting depth of the catch crops, and on their sulphur uptake from the soil, C/S ratio and S
release for the succeeding crop. We expect further interesting results to be found in the experiments
on catch crop effects on P dynamics, on N and K dynamics and losses on sandy soil, on the occur-
rence of Plasmodiophora brassicae (club root) and on spring growing green manures, where few re-
sults have been obtained yet.

The results of WP2 indicate that catch crops may have a limited effect on the occurrence of ento-
mopathogenic nematodes (EPN) in the soil, but there seem to be clear effects of the choice of main
crops. Interestingly, a full year green manure crop did actually reduce the occurrence of EPN in the
soil, whereas rapeseed, carrots, cabbage and peas increased it. Highly significant effects of different
main crops in a cropping sequence has also been found in WP8 where the potential benefit of intro-
ducing very deep rooted crops such as cabbage at the right place of a crop sequence has been
shown. Studies of root growth and N dynamics of a number of vegetable crops in WP1 will make
these results more useful for vegetable crop rotations.
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In some of the work packages more general “system effects” have also been found. Studies of
EPN in the soil of an organic farm and at two neighbour farms showed very large differences. Also the
study of different varieties of cauliflower, onion and carrot grown both organically and in conventional
farming show system differences. Some diseases and pests are less problematic in the organic pro-
duction than in conventional production. With one of the crops (carrots) this has actually led to higher
saleable yield in organic production, especially due to a lower incidence of the cavity spot disease.

Many of the participants in the projects have been working on organic farming research for a num-
ber of years before the project, e.g. on previous DARCOF projects. This helps the dissemination of the
results, already at this stage of the project where we have relatively few results. The ideas of the pro-
ject and the results obtained within the VegCatch project are thereby included together with results
from previous work in presentations and publications aimed at farmers, advisors and agricultural stu-
dents.

Based on the progress, and the results until now, we believe that the project will be able to reach
its main goals, and to produce a number of results which is interesting both scientifically and for prac-
tical use in organic farming.
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WP1 Nitrogen relationships of vegetable crops

1.1. Experiments with root growth of six vegetable crops

The first round of experiment including red beet, celeriac and sweet corn was finished last
year. In 2000, the sweet corn crop failed, but apart from this, the experiment has been suc-
cessful. Red beet reached rooting depths of between 150 and 200 cm, whereas celeriac
reached less than 50 cm. In 2001 sweet corn grew to between 90 and 120 cm. The crops do
not distribute their roots equally well in the soil. At a similar average rooting density, red
beets had roots in 85% of the counting grids, whereas celeriac had roots only in 55%. Cel-
eriac often showed very high root densities in single grid fields, with 2 to 6 root intersections
per cm grid line, whereas the highest density observed on red beet was c. 1.5 intersections
per cm grid line. This indicates a more optimal root distribution of red beet than of celeriac,
also within soil volumes well rooted by both crops.

In 2001 there were a clear effect of incorporation time of the preceding green manure
crop on rooting depth of the vegetable crops. Rooting of sweet corn and red beet was
approx. 50 cm deeper after autumn incorporation of the green manure than after spring in-
corporation (figure 1.1). A similar effect was only indicated in the results of 2000.
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Figure 1.1. Rooting depth development of three vegetable species during
2001. Dashed lines show development were the preceeding catch crop was
incorporated in November, full lines where it was in corporated in April.

Nmin measurements showed a clear relationship between the observed rooting depth,
and the ability of the crops to deplete N, from the different soil layers during the growing
period. Red beet depleted the upper 150 cm of the soil to only approx. 20 kg Nyn ha™,
whereas celeriac left approx. 75 kg N ha™, and the N uptake of the crops corresponded to
the difference in soil depletion. Results obtained in WP8 show a very clear example of why
this sort of information is important for design of crop rotations with a high N use efficiency
and low N losses to the environment.

In 2002 and 2003 the experiment is continued with three other vegetable crops, pota-
toes, Chinese cabbage, and squash. The very preliminary results show potatoes to have
rooting depths of roughly 70 cm, Chinese cabbage showed fast root growth, but with a short
growing season only medium rooting depth of less than 150 cm, whereas squash which are
still growing in early September show rooting depths of more than 200 cm, combined with
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very high root intensities.

A masters thesis (Root systems of vegetables and root development in relation to ni-
trogen distribution in the soil profile) have been made and defended in 2002 as part of this
study. Currently two students are working on their bachelor thesis focussing on other aspects
of the study.

1.2. Experiments with spring green manure

The 2001 version of this experiment mostly failed. One of the two green manures (black
medic) did not survive the winter, and a mistake occurred in the incorporation of the green
manure. Only a few results from this experiment can be used, i.e. the effect of white clover
on the first two incorporation dates. This year the experiment has gone well, but no data are
present, as the cabbage crop is still growing in the field. Visual evaluation show clear effects
of the treatments, apparently especially of late incorporated white clover.
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WP2 Entomopathogenic nematodes in organic cropping systems

2.1. Interactions of entomopathogenic nematodes (EPN), pest insects and plants in the
growing system at Arslev

In 2001 the occurrence of EPN was estimated in spring and autumn in four fields at Arslev. In
addition, host specific and soil living plant pests were quantified (Figure 2.1). In all fields EPN
(Steinernema feltiae) had been inoculated to half of the plots to ensure a measurable number
of nematodes and to study the survival of the nematodes. The plots without nematode
inoculation were surveyed again in spring 2002 and in October 2002 all plots will be
surveyed and the soil living pest insects has been / will be quantified. Further, nematodes
were quantified in the root zone of cabbage and carrot plants and related to the presence of
cabbage root flies and carrot flies at the same plants (data not ready). These observations
were also repeated in 2002 where additional observations were made in pea (see Task 3)
because of the high infection with Sitona lineatus.

In general, the occurrence of EPN at Arslev is at a low level and a measurable effect
on pest insects has not been documented. However, the nematodes were over-represented
in plant samples, which indicated interactions between nematodes and plant pest. In 2002
nematode infected Sinota lineatus larvae were observed in the pea field. It has also been
demonstrated that nematodes can be established and survive for 2-1 year.
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Figure 2.1. EPN and soil living plant pest at Arslev 2001
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2.2. Comparing levels of EPN on neighbouring farms with different growing systems
One farm and its neighbours has so far been surveyed and here EPNs were markedly more
abundant with 20% of soil cores tested positive than at the neighbour farms where only 1%
of the soil cores tested positively. Additional farms will be surveyed during the autumn and
winter of 2002/2003

2.3. Screening of plant species for their value of supporting populations of EPN

On the KVL experimental farm Snubbekorsgard four different catch crops were established in
the autumn of 2000 and grown throughout 2001(Figure 2.2). The differences were however
small and probably not statistically significant. The areas were the crops were grown will be
surveyed again early 2003 to study any long-term effect of these crops. In 2002 the area has
been grown with oil seed rape, pea and grain to compare the ability of these crops to support
EPN populations. EPN occurrence was / will be estimated in spring and autumn. In addition,
insects in oil seed rape and pea have been quantified to study the interaction between in-
sects and nematodes.
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Figure 2.2. EPN and catch crops at Snubbekorsgérd, KVL.

2.4. Susceptibility of beneficial arthropods to EPN

These experiments are based on field-collected insects. The insects are individually exposed
to EPN in the laboratory. On average, the EPN tested only slightly added to the mortality of
the ground beetles (table 1). The difference in mortality between the control and exposed
groups varied for the different insects. Agonoum, Harpalus and Trechus seemed to be more
susceptible than for instance Carabus and Pterostichus species. The experiments have been
repeated and expanded in 2002 and these data have not been analysed yet before conclu-
sions can be taken.
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Table 1. Mortality of selected ground beetles after exposure to EPN.

Nematode Insect Number Control Exposed
(genus) tested (%) (%)
S. feltiae Tenebrio (positive control) 79 20 100
Agonum 47 0 12
Harpalus 82 14 29
Trechus 70 32 55
Calathus 16 50 75
Carabus 21 18 20
Pterostichus 83 46 50
Nebria 79 45 31
S. affine Tenebrio (positive control) 16 0 88
Harpalus 30 14 25
Pterostichus 48 25 46
Calathus 13 13 20

WP3 Varieties, growing stability, disease resistance and quality

In 2002 five varieties of carrots, cauliflower and onions were sown/planted both in conven-
tional and organic fields. Cauliflower and onions were grown at Research Centre Aarslev,
whereas the carrot experiment was located at two commercial carrot producers on sandy
soils in Jutland. Two very different varieties of carrots were tested in Aarslev in a conven-
tional field and in our organic vegetable crop rotation. The five varieties of each species were
chosen on the basis of the higher number of varieties grown in 2000. The results from 2000
were used to make sure that we could find five varieties in every crop with clearly different
characteristics.

The results from 2000 and 2001 show that it is possible to grow cauliflower organically
even in the summer, where the pest problems are most severe. The harvest in 2002 is ongo-
ing in the organic trial, because the high temperatures under the net postponed the curd ini-
tiation. In 2000 the curds were small because of lack of nitrogen. This was not the case in
2001, where the harvested curds had the desired size.

The carrots grown organically in 2000 showed much less attack of cavity spot (0.7% of
the roots) than the carrots grown conventional (26% of the roots). With approximately the
same total yield, this led to a marketable yield of 75 ton/ha in the organic trial and only 54
ton/ha in the conventional trial. The total yield was also in 2001 almost the same in the two
growing systems, and again the marketable yield was higher in the organic trial than in the
conventional trial but the difference was minor. Both years attack of the carrot fly has been
highest in the conventional trail.

In the onions we saw a later infection of downy mildew in the organic trial, about two to
three weeks later than the conventional trial both in 2000, 2001 and 2002. Unlike carrots and
cauliflower, the yield of onions was substantially lower in organic production in 2000
(42 tha™) and 2001 (31 t ha™) than in conventional production in 2000 (78 t ha™") and 2001
(51 t ha™). The storability of onions was almost the same in the two production systems.

It is too early to judge whether some varieties are specifically adapted to organic pro-
duction methods, and on the storability of carrots from the two productions systems.
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WP4 Catch crops as a tool for increasing P bioavailability on soils of low P status

In 2001 the field experiment was established in the Long-term nutrient depletion trial at KVL.
We selected 5 catch crop species in collaboration with DJF Aarslev, namely Chicory, Rumex,
Lupine, Ryerass, Kidney vetch and a Control without any crop. In the Long-term nutrient de-
pletion trial we placed the catch crop treatments in all plots, but chose to sample and meas-
ure in only 3 of the nutrient treatments: (A: 60N OP 0K) (B: 60N OP 60K) (C: 60N 10P 60K)
(numbers are in kg/haly inorganic fertilizer). All catch crops were undersown in spring barley
in 2001, and barley was harvested in August. All five catch crops were poorly establish (par-
ticularly Lupine and Rumex), because late sowing and adverse soil conditions during spring.

Aboveground catch crop biomass was sampled in late October together with soil sam-
ples in four depths to 1m. Plant samples were analysed for DW, N, P and soil for inorganic N.
In February the field plots were ploughed and spring barley sown. In the subsequent growing
season, plant samples were taken 4 times including at harvest.
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Figure 4.1. Dry Matter Production (aboveground) and Phosphorous content in plant matter. Bars: Standard
error. Letters: Same letter belongs to same group (Tukey’s Studentized Range Test).

Results for plant production and phosphorous content for the catch crops are shown in
Figure 1. Weed and straw biomass are included in the data. There is no statistically signifi-
cant difference between nutrient levels A, B and C. Ryegrass and Kidney vetch had a higher
dry matter production than Control, Lupine and Rumex. Phosphorous content in catch crop
dry matter (Figure 4.1, right), shows that Ryegrass accumulated significantly more P than the
Control and Lupine treatments. Again, no significant difference was found between nutrient
treatments A, B and C. Kidney vetch contained significantly more nitrogen than all others
(data not shown). Measurement of soil inorganic nitrogen shows significantly less inorganic N
under Chicory, compared to the Control (data not shown).

In Figure 4.2 subsequent spring barley dry matter production in 2002 in the Control and
Chicory treatment for all 3 nutrient levels is shown. There is a significant difference between
nutrient level C (60N 10P 60K) and the two others at the three first sampling dates. At the
last sampling date (harvest) all three nutrient levels were significantly different from each
other. Dry matter production within each nutrient level was not significantly affected by catch
crop, except at the last sampling date, where Chicory was significantly higher than the Con-
trol for all 3 nutrient levels. Analysis of nitrogen, phosphorous and potassium in straw at each
sampling date and grain at harvest are on-going at the time of writing.
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Dry Matter Production for Barley in 2002
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Figur 4.2. Dry matter production for spring barley in all three
nutrient levels where catch crop grown last year were Chicory
or Control. Barley was sown on 15th. May.

The experiment has been repeated this year in the other half of the Long-term nutrient
depletion trial. We used the same catch crops and nutrient treatments. All catch crops were
well established this year, and currently (September) the catch crops visually indicate a high
plant production. Thus the conditions for next years experiment looks promising.

WP5 Influence of autumn green manure crops on club root

The activities in WP5 started november 2001 where sources of inoculum of club root were
collected. The main objective of activities in 2002 was to develop a patosystem for P. bras-
sica with Brassica pekinensis as a known susceptible host plant. Part of the work with the
patosytem was to develop a fatty acid based method to quantify P. brassica in roots. Fur-
thermore, 10 cruceferous catch crops were planned to be examined for P. brassica resis-
tance using the mentioned patosystem under green house conditions. Finally, cruceferous
catch crops were planned to be established in a naturally club root infested field, in order to
measure, how these catch crops are affecting the soil inoculum potential of the pathogen,
which is going to be examined in 2003.

5.1. Patosystem

Inoculum of the causal agent of club root Plasmodiophora brassica was collected as infested
soil (cabbage grower, Knud Vincent, Bisserup) and from winter rape with clubbed roots
(Skanderborg). From these two sources of inoculum a patosystem with B. pekinensis was
developed. Two different approaches were tried. Firstly, club root infested "Bisserup" soll
was mixed with Flakkebjerg soil:sand mix at conc. of 10, 25, 50 and 100 % (without Flak-
kebjerg soil:sand) and B. pekinensis were used as test plant. This method showed to be
useful as even the lowest inoculum concentration resulted in club root development in all 6
replicate units. In another experiment clubbed roots of winter rape collected from Skander-
borg was used to extract resting spores of P. brassica. Resting spores were applied to sand
and left to dry overnight and mixed in to Flakkebjerg soil:sand mix giving concentrations of
10*, 10° and 10° spores g soil. With this method none of the six plants showed any club root
symptoms. Consequently, the method based on club root infested soil was chosen for the
resistance experiment under controlled conditions.
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5.2. Quantification of P. brassica in roots

Preliminary results show that roots of B. pekinensis infected with P. brassica contains high
amount of the fatty acid arachadonic acid (20:4) which is not present in uninfected plants.
This fatty acid has also been used to quantify other root inhabiting fungi and seems to be an
ideal method to quantify P. brassica directly in roots as a complement to the coventionel
methods such as scoring disease symptoms or measuring plant growth parameters.

5.3. Screening for club root resistent cruciferous catch crops

A green house pot experiment using "Bisserup” club root infested soil as pathogen inoculum
is currently running (august-september). The pathogen inoculum was mixed with Flakkebjerg
irradiated (10 kGy) soil:sand with 0, 10, 50 and 75 % infested soil (vol/vol). The following
plants were sown (25 seeds per pot) in 1.25 | pots: Brassica pekinensis, Sinapsis alba,
Brassica napus, Brassica campestris var campestris, Brassica oleracea var acephala, Isatis
tinctoria, Camelina sativa, Raphanus sativus and "Typhoon". The soil temperature is kept
constant at 20°C. Plants are harvested 4-6 weeks after sowing and examined for club root
symptoms and plant growth parameters are measured (shoot and root dry weight and root
length). The pathogen is quantified in roots by the use of the signature fatty acid 20:4.

A field experiment has been established in a club root infested field (Knud Vincent, Bis-
serup) with the following catch crops: Brassica pekinensis, Sinapsis alba, Brassica napus,
Brassica campestris var campestris, Brassica oleracea var acephala, Isatis tinctoria, Rapha-
nus sativus, Lollium perenne, Lollium multifforum and Avena sativa. The three latter plant
species are included as non-cruceferous catch crops which does not host the club root
pathogen. In fact growth chamber experiments with L. perenne have according to older litera-
ture indicated, that this species may reduce the resting spore density in P. brassica infested
soil. Each plant species has been established in four 1.5x4 m parcels. In the spring 2003 B.
pekinensis is going to be grown in this area to examine how the various catch crops have
been affecting the soil inoculum potential of the pathogen.

WP6 The effect of catch crops on soil mesofauna and earthworms

The sampling of mesofauna and earthworms in the undersown catch crops in cereals at Re-
search Centre Arslev was started in late June 2000, and followed up with sampling in mid
September, mid November, early April 2001 and late April 2001. At all five sampling occa-
sions the mites and Collembola were sampled and extracted. By the two last autumn sam-
pling occasions soil samples were also taken to investigate the effect of undersown catch
crops on the earthworm fauna.
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Figure 6.1. The densities of Collembolas and mites in plots with undersown nitrogen catch
crops at Research Centre Arslev. Soil tillage took place between the two last sampling dates.

Some of the results are shown on the fig. 6.1 and 6.2. The densities of mites and Col-
lembolas are remarkably high (up to 140,000 m™), probably the highest densities observed in
agricultural soils in the world. Undersown catch crops caused a large increase in Collembola
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densities compared to the control. Some of the species occurring in high humbers are sur-
face living and are important preys for polyphagous predators (spiders and carabid beetles),
that play an important role in natural control of aphids. The results also clearly demonstrate
the impact of tillage on the fauna, as the Collembola density is reduced to about one fifth,
and looking at the surface living species the impact is even worse.

Concering the mites the picture is different. The densities are very high, up to about
125,000m™, but there is no clear difference between the plots with undersown catch crops
and the control. Furthermore, the mites are much less affected by the tillage events than the
Collembolas.
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Figure 6.2. The densities of earthworms and earthworm cocoons in plots with undersown nitro-
gen catch crops at Research Centre Arslev during the autumn 2000.

The occurrence of earthworms is not especially high for organic fields but are clearly af-
fected by the undersown catch crops. The densities are higher in the catch crop plots than in
the control plots. In mid November the difference is close to a factor 10. The most interesting
results concerning the earthworms are probably the cocoon density on 13 November. These
results indicate a considerable potential for high earthworm numbers the following year.

Deliverable no 2 concerning data and a scientific paper on “the effect of deep-rooted
catch crops on the soil fauna” has been merged with deliverable no. 1 concerning data and
paper on “the effect of undersown catch crops on the soil fauna”. A misunderstanding in the
application causes this, as the experiments in WP8 deal with different catch crops among
which some are deep rooted. There are not different experiments for deep rooted and shal-
low rooted species. The experiments on the good soil at Research Centre Aarslev have been
described above and the ones on sandy soils are being carried out in 2002/03. Therefore the
two deliverables have been merged and postponed until 2003.

The misunderstanding in the application, mentioned above, left some free time in the
autumn 2001, which was used to investigate the soil fauna in the deeper layers (down to 2
m) under the undersown catch crops. The rationale behind this investigation was the ex-
tremely high densities in the upper soil layers, and the knowledge about the rooting devel-
opment of the catch crops. The results showed no mesofauna below 1 m. In the layer be-
tween 50 cm and 1 m the densities were low ranging between 0 and 700 springtails m? and
between 0 and 3000 mites m™. The high value of 3000 m? was found under Rumex but due
to large variation the difference to other catch crops was not significant. The conclusion is
that the mesofauna density under undersown catch crops is not exceptionally high and we
could not demonstrate any differences between the different species of catch crops.
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WP7 The effect of catch crops on N and K leaching and crop production on coarse
sandy soils

The second growing season in the WP7 project at Jyndevad Experimental station has now
passed without major problems and with interesting results. Yields results from this year will first
be available in November.

7.1. Comparison between legume catch crops and non-legume catch crops under dif-
ferent N and K conditions

The hypothesis of this experiment is that legume catch crops are better than non-legume catch
crops to reduce K leaching losses under conditions with a low N level in the soil. A low and a
high N-level were established using a grain and a legume crop, respectively and the two K levels
were obtained by K exhaustion prior to the experiment and by application of KCI fertilizer. Suc-
tion cups were installed after harvest of the cover crop in 2001 and again in 2002. Every one or
two weeks, from harvest to spring, soil water is sampled and analysed for nitrate-N and K con-
tent. Measurements of total N and K leaching losses for the 2001/02-season will first be carried
out in 2003. The activity is carried out in collaboration with Project 1.5 "Grain legumes and cere-
als — new production methods for increased protein supply in organic farming systems”, WP 2.

7.2. Legume catch crops as the only N-source.

The hypothesis of this experiment is that the N,-fixation in the clover-mixture catch crop will be
able to replace the N supply in slurry as the N source to non-fixing crops. Table 7.1 shows grain
yields in the first year and yields in the dry matter (DM) production of the catch crop in the au-
tumn. The effect of the catch crop was absent in the first year 2001 and as expected this re-
sulted in a low yield level in treatment 3. A visual evaluation of the barley growth suggests a
considerable increase in the yield level in treatment 3 in 2002. N-balances will be estimated for
the three systems, and the leaching results in Figure 7.1 shows higher nitrate concentrations in
the treatment without catch crop and interesting differences between the two catch crop types.

Table 7.1. Grain yields of spring barley, yield and N in the top of the catch crops (1 November) and N,
(nitrate + ammonium) in the soil at 0-100 cm depth (1 November), 2001.

Treatment Catch crop Slurry Spring barley Catch crop Nnin
ton DM ha tonDMha'  kgNha' Kgha'
1 No + 3.8 - - 25
Ryegrass + 3.6" 0.8 16 16
3 Clover mixture - 2.2° 1.9° 56 16

—@— No catch crop + gylle
—O— Ryegrass catch crop + gylle
30 1 —w— Clover catch crop + KCI

Figure 7.1. Nitrate-N concentrations
measured at 1 m depth from 1 April
2001 to 1 April 2002.

Nitrat-N koncentration (ppm)
>

T T T T T T T
1. apr. 1.jun. 1.aug. 1.0kt 1. dec. 1.feb 1. apr.
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7.3. Screening of catch crops

We measured significant differences between the catch crops in their autumn production in 2001
(Table 7.2) and in the growth of the following barley crop in 2002 (Figure 7.2). It appears that 1)
the N-release from of the clover varieties are close to 80 kg N ha™, 2) a high production of dry
matter in the autumn does not necessarily cause a high production in the following barley and 3)
that the non-Ny-fixing catch crops are not able to release enough N for the barley.

Measurements of root weights at 4 different depth 0-25, 25-50, 50-75 and 75-100 cm was
carried out in the autumn 2001 in all replicates of five selected treatments: without catch crop,
ryegrass, white clover, chicory and kidney vetch. The main part of the root mass was found in
the 0-50 cm layer and beyond 75 cm there was nothing.

Tabel 7.2. Aboveground dry matter production and N-content of different catch crops measured
1 November 2001.
N,-fixing catch crops KgDM ha' KgNha' Non-fixing catch crops KgDM ha” KgN ha®
1 1

Kidney vetch 2550 60 Chicory 957 16
Red clover 2279 64 Rye/hairy vetch' 805 31
Persian clover 2250 55 Ryegrass 642 11
Black medic 2061 62 Sorrel 452 10
White clover 1166 39 Fodder radish 373 10
Lupine 967 27

"is included in the group with N,-fixation

ryegrass
white clover

red clover
persian clover
lupine

chicory

kidney vetch
—v— black medic
—O— sorrel

—w— fodder radish
—O— rye/hairy vetch
=== ( N reference
e'wm 40 N reference
ez 80 N reference
«=== 120 N reference

RERA

A
A

RVI-index
[6)]

07-maj 14-maj 21-maj 27-maj 03-jun

Figure 7.2. Measurements of RVI (ratio vegetation index) in 2002 in spring bar-
ley following different catch crops. The reference treatments are without catch
crop and with 0, 40, 80 and 120 kg fertilizer N ha™' respectively.
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WP8 Very deep-rooted crops and catch crops in the crop rotation, N dynamics and
modelling

8.1. Experiments with cropping sequences including very different rooting depths
This experiment is repeated twice, in the period 2000-2003 and in 2001-2004, thus no final
results have been obtained yet. However, the results obtained until now are clearly promis-
ing. We have obtained the very large differences in rooting depth of catch crops grown in the
first year (ryegrass <100 cm and fodder radish > 200 cm), and vegetable crops grown in the
second year (figure 8.1). In the figure cabbage is shown to reach a rooting depth of almost
2.5 m, but the real rooting depth was deeper, but our minirthizotrones reach a depth of 2.4 m,
and root growth beneath this depth cannot be observed. The N, data show that without a
catch crop in the first autumn much more nitrate N found in the 100 to 250 cm soil layer in
the next spring. Measurements made after vegetable harvest show that where no catch crop
had been grown, only the very deep rooted cabbage crop could deplete the soil as much of
the available N was found deep in the soil (figure 8.1). Where a catch crop had been grown,
also red beet with less rooting depth could deplete the soil, as little N was available below its
rooting depth.

Spring N,;, Rooting depth of vegetables N after vegtable harvest
0 0 0

— 14 14
£ .
£ S
Q -
o .
(@]
0
2 4 2 4
o
T T T AL L L L B B T T T
0 20 40 60 80 Jul Aug Sep Oct Nov 0 20 40 60 80
-1 e
N .. (kgNha") N .. (kgNha")
--# - No catch crop —=— Leek -~ O+ Red beet, no catch crop
—&— Ryegrass catch crop —o0— Red beet ---A-- Cabbage, no catch crop
—a— Cabbage —O— Red beet after catch crop
—A— Cabbage after catch crop

Figure 8.1. Spring Nmin (kg inorganic N ha! per 0.5 m soil layer) before establishment of three
vegetable crops, rooting depth development of the vegetables and Nmia after vegetable harvest
(only cabbage and red beet after control (bate soil) or ryegrass catch crop shown)

8.2. Undersown catch crops with deep rooting

We have now tested more than 20 plant species for their ability to grow as undersown catch
crops, and measured their root growth, N uptake and depletion of the soil N pool to 2.5 m
depth. Several species have been identified which work well as catch crops. The data also
show large differences in rooting depth. Ryegrass and the legumes which have been tested
seem only to have significant root growth within the top 100 cm of the soil. Some of the other
dicot species have shown deeper rooting, and typically reaching about 150 cm during the au-
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tumn, only chicory and echium have reached 200 cm or more during the autumn. The meas-
ured N uptake has been correlated to rooting depth, and the N uptake of chicory have been
86 kg N ha™ as compared to an uptake of 57 kg N ha™' by ryegrass. The results of the N,
measurements also shown an effect of rooting depth, though this has not been as clearcut as
we have previously seen in experiments with catch crops sown after harvest. Currently, the
third experiment is growing in the field. Next we will select some of the most promising spe-
cies for the last year of the experiment, and we will consider including different types of chic-
ory which have until now been the most promising species.

A bachelor thesis (Do the root development of chicory, pastinaca and ryegrass affect their
suitability as catch crops) has been made and defended in 2002 as part of this study.

8.3. Model simulation of the effect of deep-rooted crops and catch crops

This work has been initiated with a simulation study of a number of crop rotations including
deep or shallow rooted crops and catch crops. These simulations have been used to illus-
trate the effects of catch crops on N dynamics in a crop rotation, the effect of different catch
crop types, and why it is important to consider soil layers also below 1.0 m when studying
catch crop effects. The results have been used in a review paper to be published in Ad-
vances in Agronomy, and for production of a general text on catch crop and green manure
crops to be used in the teaching of plant nutrition at RVAU.

WP9 The effect of catch crops on sulphate leaching and availability of S for the suc-
ceeding crop

Soil and plant sampling has been carried out in the workshop area in Arslev in November
2000 and 2001 to determine the effect of catch crops on the content of leachable sulphate in
the soil and the potential for S stabilization in crops. Furthermore catch crops have been
sampled at Jyndevad Experimental station in 2001. The catch crops from both autumn 2000
and 2001 showed a very wide range in chemical composition regarding S content and C/S
ratio (Table 1).

Table 1: Composition of catch crops

Autumn 2000 Autumn 2001

Catch crop Location | S-content | C/S Location S-content | C/S
Fodder radish Arslev 0.81 48 Jyndevad 0.45 84
Winter rape Arslev 0.54 77 Jyndevad

Chicory Arslev 0.43 99 Jyndevad 0.28 146
Evening primrose Arslev 0.37 118 Jyndevad

Parsnip Arslev 0.34 120 Jyndevad

Ryegrass Arslev 0.36 122 Jyndevad 0.19 226
Sorrel Arslev 0.34 128 Jyndevad 0.23 188
Salad Burnet Arslev 0.28 161 Jyndevad

Medic Arslev 0.27 172 Jyndevad 0.16 278
White clover Arslev 0.26 173 Jyndevad 0.17 250
Kidney vetch Arslev 0.20 221 Jyndevad 0.13 329
Lupin Arslev 0.17 265 Jyndevad 0.17 246
Red clover Jyndevad 0.16 276
Persian clover Jyndevad 0.13 324
Rye/vetch Jyndevad 0.17 222
Echium Jyndevad 0.26 146
Lepidium campestre Arslev 1.03 40
Barbarea verna Arslev 0.81 50
Barbarea vulgaris Arslev 0.93 43
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There is variation in the S-content of the same catch crop depending on location. On the the
sandy Jyndevad location S-contents were generally lower than on the Arslev sandy loam soil.

In spring 2001 and 2002 a pot experiment were established to determine the mineralisation of
S from the different catch crops. The results from 2001 and some initial results from 2002 indi-
cate the availability of S in the catch crops is related to the C/S ratio of the material (Figure 9.1).
The C/S ratio explained 49% of the variation in the S-value of the added catch crops. It is inter-
esting that the catch crops with the highest C/S ratios and consequently the lowest S-value are
all legumes. This may have consequences for the choice of catch crops on S-deficient soils.

Fodder radiish 1 48 |
Parsnip - 120 F——ro
SaladBumet{ [161 M
Blackmedic*{ [172  }—
Ryegass | [122 K
Chichory | |8}
Whiteclover*{  [173
Kidney vetch * 4 21 hH
Lupine * 1 —1| 265
0 20 40 60 80 100
Mineralisation (% of added)

Figure 9.2. Mineralisation of catch crop S during the growing season of
spring batley. Legumes are marked . Inserted in bars are catch crop
C/S ratios. Error bars: SE.

C.2 Fulfilment of deliverables and milestones

(To be completed for each work package)

WP1 Nitrogen relationships of vegetable crops, Time schedule ac- | Deviations,
and project co-ordination cording to application if any*
Task

1 To co-ordinate the VEGCATCH project

2 To study rooting depth during growth and N dy-
namics for 6 vegetable crops

3 To supply data on N, root growth and N dynamics
for modeling (WP8 and the Project BIOMOD)

4 To test N effects of green manure crops incorpo-
rated in the late spring

Deliverables and milestones

1 Papers on growth, root growth, and N dynamics of 2002
the three vegetable crops grown in 2000 and
2001.

2 Papers on growth, root growth, and N dynamics of 2004
the three vegetable crops grown in 2002 and
2003.

3 A paper on root growth of cabbage, leek and red 2004
beet from the cropping sequence exp. (see WP8)

4 A paper on legumes that are allowed to grow and 2003
fix N in the spring before vegetable crops
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WP2 Entomopathogenic nematodes (EPN) in or-
ganic cropping systems

Time schedule ac-
cording to application

Deviations,
if any*

Task

1 Interactions of EPN, pest insects and plants in the
organic growing system at Arslev

2000-2003

2 Comparing levels of EPN on neighbouring farms
with different growing systems

2000-2003

3 Screening of plant species for their value of
supporting populations of EPN

2000-2003

4 Susceptibility of beneficial arthropods to EPN

2001-2002

Deliverables and milestones

1 Presentation of the entomopathogenic part of
VEGCATCH at IOBC meetings

2001

v’ 2 papers

2 Paper directed to Danish farmers and advisors on
entomopathogenic nematodes in organic growing
systems.

2003

3 Scientific paper on the ability of different catch
crops to enhance and support populations of en-
tomopathogenic nematodes.

2003

Will focus
more on
main crops

4 Scientific paper on results from project with sus-
ceptibility of non target arthropods
Presentation of results at The Danish Plant Pro-
tection Conference

2003

5 Spring 2002, Selection of the most promising
catch crops regarding their ability to enhance
nematode populations.

2002

Delayed

WP3 Varieties, growing stability, disease resis-
tance and quality

Time schedule ac-
cording to application

Deviations,
if any*

Task

1 To test varieties and make guidelines for choos-
ing varieties for organic growing

2 To study the significance of various pests, dis-
eases and quality defects in vegetables grown in
organic or conventional production systems

Deliverables and milestones

1 An international scientific paper on the organic
grown carrot, cauliflower and onion varieties

2004

2 An international scientific paper on differences
between organic and conventional growing of on-
ion, carrot and cauliflower

2004

3 A guideline for growers and advisors, describing
the most important characteristics,

2003

4 Preliminary publications, from the evaluation of
carrot, cauliflower and onion varieties, every year.

2001-2004

Not started

WP4 Catch crops as a tool for increasing P
bioavailability on soils of low P status

Time schedule ac-
cording to application

Deviations,
if any*

Task

1 To test selected catch crop species for their P up-
take capacity on a low P status soil.

2 To quantify the influence of these catch crops on
subsequent main crop yield and P uptake
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3

To quantify possible interactions between catch
crop species, the crop rotation (with or without
grass-clover ley) and additional P supply for the
main crop.

Deliverables and milestones

1

Papers on the effects of undersown catch crops
on P bioavailability for subsequent crops.

2003

2

Papers for Danish organic farmers and advisors
on the value of undersown catch crops as a P
source in the crop rotation.

2002-2003

Not Started

WPS5 Influence of autumn green manure crops on
club root (Plasmodiophora brassicae)

Time schedule ac-
cording to application

Deviations,
if any*

Task

1

To identify crucifer species or genotypes with full
or partial resistance to Plasmodiophora brassicae

2

To identify crucifer catch crops that can be grown
without increasing subsequent disease pressure
of P. brassicae or can actually reduce subsequent
disease pressure

Deliverables and milestones

1

Paper on pathogenicity of P. brassicae on a wide
range of Brassica species. Species with high level
of resistance are selected for the field trials 2003
and 2004

2002

Results from the first year field experiment has
been obtained.

2003

Results from the second year field experiment
has been obtained.

Paper on effect of autumn green manure crops on
P. brassicae

2004

A guide line for using autumn green manure crops
in relation to infestation level of P. brassicae has
been publicised in a national paper

Information 1V has been included in the decision
support system.

2004

WP6 The effect of catch crops on soil mesofauna
and earthworms

Time schedule ac-
cording to application

Deviations,
if any*

Task

1

To describe the effect of growing catch crops on
the populations of a number of soil living animals,
and to test whether important differences exist
among catch crops in their effect on the soil
fauna.

To obtain data on the effect of catch crops on the
soil fauna which can be used for modelling pur-
poses in the BIOMOD project.

Deliverables and milestones

1

Scientific paper on the effect of undersown catch
crops in cereals on the soil fauna

2001

Merged with
deliverable
3

Scientific paper on the effect of deep-rooted catch
crops on the soil fauna

2003

Mistake,
same as 1
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Scientific paper on the effect of catch crops at dif-
ferent levels of nitrogen and potassium on the soil
fauna.

2004

Now
planned for
2003

4

Popular scientific paper on the results.

2003

WP7 The effect of catch crops on N and K leach-
ing and crop production, with focus on coarse
sandy soils.

Time schedule ac-
cording to application

Deviations,
if any*

Task

1

To test whether catch crops can significantly re-
duce K leaching losses on a coarse sandy soil

2

To test N supply from undersown legume catch
crops for continious grain production

3

To identify legume- and non-legume catch crop
species suitable for undersowing on coarse sandy
soil.

To estimate the influence of catch crop rooting
depth on cation leaching from the root zone on a
sandy loam soil.

Cancelled

Deliverables and milestones

1

Paper on the effect of non-N,-fixing and N,-fixing
catch crops on nitrate and potassium leaching on
a coarse sandy soil

2004

Paper on the effect of non-N,-fixing and N,-fixing
catch crops on the yields of succeeding crops on
a coarse sandy soil

2004

Paper on the cation and anion balances as af-
fected by different catch crop types on a clay soil

2004

Cancelled

Papers in national agronomic magazines for in-
formation about the results

2003-4

WP8 Very deep-rooted crops and catch crops in
the crop rotation, N dynamics and modelling

Time schedule ac-
cording to application

Deviations,
if any*

Task

1

To test the significance of including very deep-
rooted crops and catch crops into cropping se-
guences

To obtain data on root growth and soil N dynam-
ics for validation of model simulations of deep soil
N dynamics

To identify plant species with very deep rooting
which can be established as undersown catch
crops in cereals.

To utilise current knowledge and results obtained
through objectives 1)-3), and simulation modelling
to build a decision support system for optimal
catch crop strategies.

Deliverables and milestones

1

Data from the cropping sequence experiment will
be delivered for the BIOMOD project

2001, 2002 and 2003

Delayed

2 A paper on the effects of crops with different root- 2004
ing in cropping sequences on N dynamics.
3 A paper on the rooting depth, soil depletion, N up- 2004

take and release of the undersown catch crops.
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4 A paper on the value of very deep-rooted crops 2004
and catch crops in the crop rotation.

5 A paper on the developed decision support sys- 2003
tem.

6 A decision support system on optimal use of 2003
catch crops

7 Early spring, 2002: Selection of deep-rooted catch 2002

crop species to be included in the last year of the
cropping sequence experiment.

8 Writing a review on catch crops and green ma- 2002 Added de-
nures for an international scientific journal, and for liverable
use in teaching agricultural students at RVAU
about catch crops and green manures

WP9 The effect of catch crops on sulphate leach- | Time schedule ac- | Deviations,
ing and availability of S for the succeeding crop |cording to application if any*

Task

1 To determine the ability of catch crops to reduce
soil sulphate concentrations

2 To determine the ability of catch crops to make S
available for the succeeding crop through miner-
alization.

Deliverables and milestones

1 Paper on the effect of catch crops on sulphate 2002
leaching submitted to international refereed jour-
nal

2 Paper on the sulphur supplying capacity of catch 2002
crops to the succeeding crop submitted to interna-
tional refereed journal

3 Paper to Danish farmers and advisors on the ef- 2002
fect of catch crops on S utilisation

* Deviations are to be further discussed in D

D. Description of deviations and subsequent adjustments of plans

In WP2, the paper on effect of different catch crop species on EPN (deliverable 3) will be
changed to focus more on effects of main crop effects than on catch crop effects. Less work ha-
ve been made on catch crop effects, as the experiments in Arslev was not well suited for these
studies. The experiments made at "Snubbekorsgard” (RVAU) indicate that catch crops may only
have a small effect on EPN. At the same time, other parts of the study have shown clear effects
of different main crops, and thus the paper is planned to focus more on this part of the results.

In WP3 no preliminary publications have been made yet. The original plan was too optimistic,
so we have chosen not to make yearly publications, but wait until we have more results to pre-
sent. The plan now is to make a publication aimed at farmers and advisors when the results from
the 2002 experiments are ready.

In WP4 the first publication should have been made here in the autumn of 2002. However,
the quality of the first year experiment was not very good, as the catch crops were not well
established. Therefore publication is postponed until next year when the results of the present
experiments will be ready.

In WP6 the publication on effects of undersown catch crops in cereals on soil fauna (deliver-
able 1) has not been written in 2001 as planned. The plan was to publish the data from the stud-
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ies in the catch crop experiments in Arslev. However, it is now the plan to make a publication
including such data both from Arslev and from Jyndevad (deliverable 3), to include the results
from the two very different soil types in the paper, and therefore the paper is awaiting the data
from Jyndevad, which will not be ready until the end of 2003.

In WP7 we have decided to cancel task 4 and thereby also deliverable 3. This was a small
study using soil samples from the Arslev experiments. The main idea was to find out whether
reduced leaching of N could also reduce the leaching of K. With less N lost as the nitrate anion,
less cations must also be lost. However, data from suction cup samples of soil water from the
crop rotation experiment in the DARCOF project EXUNIT, show no relationship between N and
K leaching on the sandy loam soils, and the cations which are "following” nitrate in the leaching
water appears to be almost exclucively Ca++ and Mg++.

In WP8 the delivery of data for modelling work in the BioMod project is delayed, as the rele-
vant part of the modelling work in this project has been delayed. An extra deliverable which was
not part of the original plan has been added. A review on Catch crops and green manures as
biological tools in nitrogen management in temperate zones have been written and. The review
has been accepted by Advances of Agronomy, and is now in press. A modified form of the re-
view has been made for use in teaching students at RVAU about catch crops and green ma-
nures.

E. Project publications and other products

1. Articles in international, scientific journals with review procedures
*Thorup-Kristensen, K., Magid, J. and Jensen, L.S. 200X Catch crops and green ma-
nures as biological tools in nitrogen management in temperate zones. Advances in
Agronomy (In press)

2. Papers presented at congresses, symposiums, etc.

**Holger Philipsen & Otto Nielsen (2001). Host potential of insects from cruciferous
crops to entomopathogenic nematodes and augmentation of nematodes through oil
seed rape growing. X meeting of the IOBC, Athens, Greece

*Otto Nielsen (2001). Entomopathogenic nematodes in agricultural cropping systems.
Society of Invertebrate Pathology, Holland

*Eriksen J. (2001) Effects of timing of sulfur application and nitrogen fertilization on yield
and quality of barley. Book of abstracts from COST Action 829 meeting Sulfur-
Nitrogen Interactions in Plants. p. 29

3. Reports, articles in agricultural journals, etc.
**Thorup-Kristensen, K. 2001. Roddybder i gransager. Miljgprojekt nr.: 588. Miljgstyrel-
sen. pp. 16.

4. Oral presentations, public meetings, field days, etc.
The experiments of the VegCatch project and the preliminary results have been pre-
sented orally at many occasions. Many of the participating scientists have been active
within organic farming research for a number of years, and have good contacts and
many opportunities for presenting the project at public meetings or field days. The activi-
ties in Arslev on crop rotation, catch crops, green manures and root growth of vegeta-
bles has been presented as part of a TV series (Beretninger fra gkoloand) on organic
farming. The combination of RVAU and DIAS researchers in the project promote the use
of the results also for agricultural students at RVAU.
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F. Scientific education

Julie Schou Christensen, RVAU, made her masters thesis: Root systems of vegetables and
root development in relation to nitrogen distribution in the soil profile (Grensagers rodsys-
temer og roducvikling i forhold til kvaelstoffordelingen i jordprofilen) on the experiment on
root growth of red beet, celeriac and sweet corn in WP1. The thesis was defended in
2001. The supervisors were Lars Stoumann Jensen (RVAU) and Kristian Thorup-
Kristensen (DIAS).

Karsten Bach, RVAU, made his bachelor thesis: Do the root development of chicory, pasti-
naca and ryegrass affect their suitability as catch crops (Har rodudviklingen ved cikorie,
pastinak og rajgraes betydning for deres evne som fangafgrader) on the screening ex-
periment on undersown nitrogen catch crops in WP8. The thesis was defended in 2002.
The supervisors were Andreas de Neergaard and Jacob Magid (RVAU) and Kristian Tho-
rup-Kristensen (DIAS)

Oskar Sigmarsson og Morten Andersen, finished their study as engineers at Odense Tekni-
kum with the thesis: Measurements of nitrate in agricultural soil by measuring electrical
conductivity (Maling af nitrat i landbrugsjord ved hjeelp af ledningsevne) using soil sam-
ples from WP8 for their measurements. The thesis was defended in 2002. The supervi-
sors were Steffen Peter Skov (Odense Teknikum) and Kristian Thorup-Kristensen (DIAS)

Rikke Jensen and Hanne Gundersen (RVAU) are doing their bachelor thesis on two years
results on root growth and N dynamics in vegetable crops from WP1. Supervisors are
Lars Stoumann Jensen (RVAU) and Kristian Thorup-Kristensen (DIAS).

G. National and international cooperation

Cooperation with other DARCOF projects:
There are cooperation with several of the other DARCOF projects, but mainly with:

o DARCOF2-project Exunit (IV.23): Most of the experiments within the VegCatch pro-
ject are made within the crop rotation areas of the Exunit project. Especially the crop
rotations at Recearch Centre Arslev (Vegetable rotation on sandy loam soil) and at
Jyndevad (grain production rotation at sandy soil) are used. Data from the rotations
will also be used, especially data from the Arslev rotation will be used in the modelling
work in WP8.

e DARCOF2-project BioMod (1.15): Data on root growth from some of the activities
within VegCatch (WP1 and WP8) will be used for modelling purposes in the BioMod
project, and there will be co-operation also on the modelling activities (WP8).

e DARCOF2-project Genesis (1.5): The work on catch crops on N and K dynamics on
sandy soil (WP7) is made in close cooperation with experiments within the Genesis
project.

Cooperation with other Danish projects

o SJVF-project: Uptake of nitrogen by deep roots — the key to reducing nitrogen
leaching losses from agriculture (Optagelse af kveelstof i dybe rodder — nagglen
til reduktion af kveelstofudvaskningen fra jordbruget): In this project the ability of
a number of crop species to take up nitrogen from soil layers below 1.0 m will be
studied by uptake of °N placed at various depths relative to the rooting depths ob-
served by the minirhizotrons.
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Testing of vegetable varieties: At DJF, Department of Horticulture we are testing
varieties of vegetable crops in co-operation with the Danish vegetable growers or-
ganisations and the see companies. The comparison of vegetable varieties in organic
and conventional production (WP3) is done in close co-operation with this existing
project.

Net covering of cauliflower: The work on organic cauliflower production (WP3) is
done in co-operation with a project on Net covering of cauliflower to prevent pest at-
tack, financed by the Danish Environmental Protection Agency.

International cooperation

H.

EUROTATE_N, Development of a model based decision support system to op-
timise nitrogen use in horticultural crop rotations across Europe: Kristian Tho-
rup-Kristensen is a partner in this project which will start January 2003. Data from a
number of the experiments made in the VegCatch project will be used for develop-
ment and validation of the model, and in this project further experiments will be made
to study the carry over of N from one crop to next years crop. This project will start in
the beginning of 2003.

Optimal crop rotation for yield and cropping stability in organic vegetable pro-
duction (Optimalt vekstskifte for sikker okologisk grennsakproduksjon): Kristian
Thorup-Kristensen is participating in this Norvegian project associated as advisor.

The ecology of the cropping system; green manure as a multifunctional tool in
vegetable production (Odlingssystemets Ekologi, grongoédsling som mangfunk-
tionellt "redskap” i gronsaksodlingen): In this project financed by the Sweedish
research council (FORMAS), studies of the effect of cover crops or green manures
between rows of vegetable crops will be made. The goal is to reduce the occurrence
of pests and diseases, and to improve plant nutrient husbandry in organic crop rota-
tions. Studies within this project of the competition between the vegetable crops and
the cover crops, with particular reference to root competition will be made in Arslev.
Birgitta Bath from the Sweedish Agricultural University, who is working as a Post Doc
on the project, will come to work in Arslev for several periods during the project.

Cost-850, Biocontrol Symbiosis: Otto Nielsen and Holger Philipsen are members of
the management comity of Cost-850, Otto Nielsen is co-convener of working Group 4
“Interactions with Soil Biota”. Holger Philipsen is convener of Working Group 5
“Socio-economic aspects”.

COST action 829 "Fundamental, Agronomical and Environmental Aspects of
Sulfur Nutrition and Assimilation in Plants”: Jgrgen Eriksen is a member of the
management comity of Cost-829.

Cost-631, Understanding and Modelling Plant-Soil Interactions In the
Rhizosphere Environment: Kristian Thorup-Kristensen and Niels Erik Nielsen are
members of the Management Comity of Cost-631.

Critical reflection on the project

Most of the research within the VegCatch project was planned at a relatively detailed level al-
ready during the project application phase. This is due to two main factors. For most of the par-
ticipants, the work within the project is part of a continued development of their main research
area, therefore good planning and formulation of rather precise hypotheses was possible. Fur-
ther, most of the field experiments run for at least two years, and to achieve replications also in
years, they will thus take a minimum of three years to perform. This is very different from other
sorts of experiments which can be performed within weeks or months, and where new experi-
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ments are planned on the basis of the results of the first. Experiments with a duration of years as
most of the VegCatch experiments do not allow such an iterative process even within a five-year
project period, i.e. the plans can and must be relatively firm from the beginning.

At present, the original plans have largely been followed. A few experiments have partly
failed, and a few changes in the plans have been made due to results and new experience from
the project itself or from other projects. We have not made any significant changes due to
changes in "the world around us”. The project is aimed at improving the possibilities for produc-
ing different species of sales crops, especially vegetable crops. Though some diversification of
the number of vegetable crops produced seem to have occurred since the project application
was made, we still believe that these possibilities need to be further developed, and that the ap-
proaches we take in the project are relevant. We have new ideas and problems we would like to
work on, but we think that the originally planned experiments still are the most important scien-
tific questions for us to pursue within the framework of the VegCatch project.

The project is related to a number of other projects that we participate in, some of which have
been initiated after the VegCatch project (se part G on national and international cooperation
above). In this way, new ideas are taken up, though not within the VegCatch project.

We believe that the interdisciplinary approach of the project is very valuable. Really interdis-
ciplinary studies are made in some parts of the project, e.g. in the modelling activities, in the
studies of the effect of catch crop treatments (WP7 and WP8) on factors such as soil fauna
(WP2 and WP6) and effects on soil S dynamics (WP9). Not all parts of the project are working
that closely together. Ideally, there should have been more really interdisciplinary work within the
project. It would probably be ideal if all partners were involved in interdisciplinary activities, while
at the same time they had room to work in depth with their own discipline. But even though Veg-
Catch is a big project, the resources for each of the 9 work packages are limited and strict priori-
ties had to be made.

Still, by being in the same project, important knowledge and understanding of other aspects
of the system are being communicated among the participants. It also adds to the sense of the
participants, that they are not just solving isolated problems, but are looking at solutions, which
must function together with other factors to improve the system as a whole, and this is a very
important element in organic farming research.

At this stage of the project we have produced relatively few publications. Regarding publica-
tions in scientific journals and in proceedings from workshops etc. this is natural, as very few fi-
nal results are ready yet. The experiments and their preliminary results have been presented
orally to many users (farmers, advisors, agricultural students, etc.) at meetings, lectures and field
days. However, a higher number of publications in e.g. farmer’s journals aimed at the users and
other activities presenting the project as a whole to farmers and advisors could have been pro-
duced. This is an important priority for the next year. As the project has progressed, and more
conclusions can be drawn from the experiments, it will also become easier to produce such pub-
lications.
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8. Budget

A. Account for any change in budgets

B. Budget for the whole project (1.000 DKK)

Total consumption of funds from DARCOF and expected consumption this year and coming

years
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Man-months
Scientific personnel 38.5 31.9 23.4 20 113.8
Technical personnel 27.8 29.5 23 9 89.3
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Salaries
Scientific personnel 1420 1310 1063 1007 4800
Technical personnel 761 793 659 255 2468
Other operational costs 510 455 318 152 1435
Equipment 0 0 0 0 0
Others (please specify) 199 201 214 75 689
Direct costs 2890 2759 2254 1489 9392
Indirect costs 578 552 451 208 1879
(20% of direct costs)
Total 3468 3311 2705 1787 11270
Comments:
DARCOF Il 1.10 Development of organic vegetable cultivation methods, and the use of catch crops to

improve the production and protect the environment
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9. Signatures and stamps

Name Institute Date Signature

Head of project
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Appendix I.  Detailed budget

A. Budget for each participating institute (1.000 DKr)

Danish Institute of Agricultural Science

Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Man-months
Scientific personnel 20.5 17.4 16.9 20 74.8
Technical personnel 27.5 255 20.5 9 825
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Salaries
Scientific personnel 806 723 747 925 3201
Technical personnel 669 655 552 255 2129
Other operational costs 380 341 249 149 1121
Equipment 624
Others (please specify) 174 181 194 75
Direct costs 2029 1900 1742 1404 7075
Indirect costs 405 381 348 280 1414
(20% of direct costs)
Total 2434 2281 2090 1684 8489
Comments:
DARCOF I 1.10 Development of organic vegetable cultivation methods, and the use of catch crops to

improve the production and protect the environment
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Royal Veterinary and Agricultural University

Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Man-months
Scientific personnel 18 14.5 6.5 22.5
Technical personnel 0.3 4 2.5 6.8
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Salaries
Scientific personnel 557 527 253 1337
Technical personnel 5 93 59 157
Other operational costs 114 106 61 281
Equipment
Others (please specify) 25 20 20 65
Direct costs 701 746 393 1841
Indirect costs
(20% of direct costs) 91 150 8 368
Total 842 896 471 2209
Comments:
DARCOF I 1.10 Development of organic vegetable cultivation methods, and the use of catch crops to
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National Environmental Research Institute

Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Man-months
Scientific personnel 1,6 1,6 1,6 2,0 6,8
Technical personnel 4,0 2,0 2,0 0,0 8
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Salaries
Scientific personnel 57 60 63 82 262
Technical personnel 87 45 47 0 179
Other operational costs 16 8 8 3 35
Equipment 0
Others (please specify) 0 0 0 0 0
Direct costs 160 113 118 85 476
Indirect costs
(20% of direct costs) 32 23 24 17 96
Total 192 136 142 102 572
Comments:
DARCOF I 1.10 Development of organic vegetable cultivation methods, and the use of catch crops to

improve the production and protect the environment
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B. Budget for each participating department (1.000 DKK)

Danish Institute of Agricultural Science, Department of Horticulture

Year: Consump- Expected
tion before | consumption 2003 2004 2005 Total
2002 2002
Man-months
C 13 6 10.5 14 43.5
Scientific personnel
. 15 10 9.5 4 38.5
Technical personnel
Year: Consump- Expected
tion before | consumption 2003 2004 2005 Total
2002 2002
Salaries
Scientific personnel 514 255 462 645 1876
Technical personnel 363 257 255 113 988
Other operational costs 252 124 107 54 537
Equipment 0 0 0 0 0
Others (please specify) 162 132 140 60 494
Direct costs 1291 768 964 872 3895
Indirect costs
(20% of direct costs) 258 154 193 174 79
Total 1549 922 1157 1046 4674
Comments:
DARCOF I 1.10 Development of organic vegetable cultivation methods, and the use of catch crops to

improve the production and protect the environment
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Danish Institute of Agricultural Science, Department of Plant Protection

Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Man-months
Scientific personnel 0.5 2 2 3 7.5
Technical personnel 0 4 5 3 12
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Salaries
Scientific personnel 19 85 89 140 333
Technical personnel 0 103 135 85 323
Other operational costs 0 111 113 90 314
Equipment 0
Others (please specify) 3 10 35 15 63
Direct costs 22 309 372 330 1033
Indirect costs
(20% of direct costs) 4 62 74 66 206
Total 26 371 446 396 1239
Comments:
DARCOF I 1.10 Development of organic vegetable cultivation methods, and the use of catch crops to

improve the production and protect the environment
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Danish Institute of Agricultural Science, Department of Crop Physiology and Soil Sci-

ence
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Man-months
Scientific personnel 7 9.4 4.4 3.0 23.8
Technical personnel 12.5 11.5 6 2 325
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Salaries
Scientific personnel 273 383 196 140 992
Technical personnel 306 295 162 57 820
Other operational costs 128 106 29 5 268
Equipment 0 0 0 0 0
Others (please specify) 9 39 19 0 67
Direct costs 716 823 406 202 2147
Indirect costs 143.2 164.6 81.2 40.4 429.4
(20% of direct costs) ' ' ’ ' )
Total 859 988 487 242 2576
Comments:
DARCOF I 1.10 Development of organic vegetable cultivation methods, and the use of catch crops to

improve the production and protect the environment
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Royal Veterinary and Agricultural University, Department of Ecology, Zoology sec-

tion:
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Man-months
Scientific personnel 10 9,0 3,5 27
Technical personnel 0,3 2,0 1,5 11
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Salaries
Scientific personnel 322 346 136 804
Technical personnel 5 42 32 79
Other operational costs 50 50 28 128
Equipment 0
Others (please specify) 10 10 10 30
Direct costs 387 448 206 1041
Indirect costs
(20% of direct costs) ’8 90 41 209
Total 465 538 247 1250
Comments:
DARCOF I 1.10 Development of organic vegetable cultivation methods, and the use of catch crops to

improve the production and protect the environment
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Royal Veterinary and Agricultural University, Department of Agricultural Science,
Plant Nutrition and Soil Fertility Laboratory section

Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Man-months
Scientific personnel 8,0 5,5 3,0 0,0 16,5
Technical personnel 0,0 2,0 1,0 0,0 3
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Salaries
Scientific personnel 235 181 117 0 533
Technical personnel 0 51 27 0 78
Other operational costs 64 56 33 0 153
Equipment 0
Others (please specify) 15 10 10 0 35
Direct costs 314 298 187 0 799
Indirect costs
(20% of direct costs) 13 60 37 0 160
Total 377 358 224 0 959
Comments:
DARCOF I 1.10 Development of organic vegetable cultivation methods, and the use of catch crops to

improve the production and protect the environment
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National Environmental Research Institute, Department of Terrestrial Ecology

Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Man-months
Scientific personnel 1,6 1,6 1,6 2,0 6,8
Technical personnel 4,0 2,0 2,0 0,0 8
Year: Consump- Expected

tion before | consumption 2003 2004 2005 Total

2002 2002

Salaries
Scientific personnel 57 60 63 82 262
Technical personnel 87 45 47 0 179
Other operational costs 16 8 8 3 35
Equipment 0
Others (please specify) 0 0 0 0 0
Direct costs 160 113 118 85 476
Indirect costs
(20% of direct costs) 32 23 24 17 96
Total 192 136 142 102 572
Comments:
DARCOF I 1.10 Development of organic vegetable cultivation methods, and the use of catch crops to

improve the production and protect the environment




