Application for the project:
I.10

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

Acronym: VegCatch



Title: Development of organic vegetable cultivation methods, and the use of catch
crops to improve the production and protect the environment

Acronym: VEGCATCH
Date: 28 February 2000

1. Summary

The development of organic vegetable production in Denmark is slowed down by the fact that the range of
species grown in substantial amounts is not very large. The major problems can be identified to be insuffi-
cient 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 isola-
tion.

In this research project the major objective is therefore to create better opportunities for an increased organic
production of a wider range of vegetables and other crops. The partial objectives address 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 select-
ing 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 in-
volve a number of topics ranging from improving their effects on N leaching 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 sub-
jects are also addressed in the project. It is obvious that if other advantages can be gained from the catch
crops, this would encourage farmers to grow them more often. Therefore, improving the N effects, and im-
proving 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.

In the “Introduction” below, we have described in more detail how the project is organised, the main reasons
for the chosen research strategy, and a short introduction to the different subjects addressed in the project. In
“State of the art” we have described the background for each of the 10 Work Packages we propose, and the
goals and methods of each Work Package are presented in “Description of Work Packages”.
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2. Introduction

Danish organic farming has increased strongly during the last few years, and there has been a strong con-
sumer interest in organic products. The consumer interest covers many different products, but most of the
increase has been concentrated on dairy products, whereas organic vegetable and grain production has in-
creased much more slowly. The increased demand for organic vegetables has led to increased imports, also
of vegetables which are well suited to Danish growing conditions.

The concentration on a few main products in organic farming is also found among the vegetable crops.
Presently, the Danish organic vegetable production is much less diverse than the conventional production.
Carrots alone cover approx. 50% of the area cropped with organic vegetables in Denmark and due to the high
yield level of this crop, approx. 70% of the amounts produced (Danmarks statistik, 1998). The organic pro-
duction of carrots seems to be economically feasible and allows Danish organic farmers to fulfil the con-
sumer demand. If the production and consumption of organic vegetables is to increase further, we need to
develop the production of other vegetable crops as well, crops which are not grown extensively in organic
farming today.

There are many reasons for the uneven development among vegetable crops in organic farming. Many
specific problems exist related to different crops, e.g. severe insect pests in some brassica crops or downy
mildew on onions. One of the main methods, which can be used to reduce the problems with pests and dis-
eases, is choosing the right genotypes, as important differences in resistance (Hoek, 2000; Jupe, 1999) or
tolerance can be found among vegetables.

Some problems can be reduced by avoidance techniques such as postponing sowing of carrots until late
May, to avoid the first generation of the carrot root fly (Coaker and Hartley, 1988) or establishing brassicas
or peas very early to avoid the higher levels of insects pests later in the season.

General differences in organic and conventional systems can also affect the severity of pests and diseases,
and sometimes help to reduce problems in organic production (van Bruggen, 1995). As an example, four
years experience with an organic crop rotation (Thorup-Kristensen, 1999) has shown several examples where
specific pest and disease problems were smaller than in similar conventional crops in adjacent fields. There
can be many reasons for such differences. Lower N supply for the crops may make them less susceptible to
some leaf diseases (Jensen and Munk, 1997) or aphids (Sandstrom and Pettersson, 1994). The level of natu-
ral enemies to pests can be higher either due to the absence of pesticides which also kills beneficial insects,
or to other factors which promote the presence of beneficial organisms. Several examples exist where it has
been shown that the use of catch crops or increased inputs of organic matter can reduce the severity of root
diseases on subsequent crops (e.g. Badker and Thorup-Kristensen, 1999). Also several of the important in-
sect pests in vegetable production spend part of the life cycle in the soil, and can be attacked by enemies
there, e.g. by entomopathogenic nematodes in the soil which could be more abundant in organic farming than
in conventional farming (Kleespies et al., 1989).



In this project we want to work with two of these mechanism for natural control of pests and diseases,
control of club root and the significance of entomopathogenic nematodes in the soil, as these are both highly
relevant to organic vegetable production, and do both interact with catch crops.

Crucifer catch crops are very interesting in organic vegetable production, as the are very well suited to be
established after harvest, and have very good effects on N leaching and N supply for succeeding crops. How-
ever, the growers have an understandable reluctance to cruciferous crops owing to the risk of an increased
disease pressure of club root (Plasmodiophora brassicae). Some crops or catch crops have been found to
reduce the infestation level of club root (Rod and Robak 1994; Yamagishi et al., 1986). Among crucifer
crops, resistant types have been tested, and found not to increase club root infestation potential (Wallen-
hammer 1999) or even to reduce it more efficiently than non-crucifer catch crops (Yamagishi et al., 1986).
These findings indicate, that it should be possible to use crucifer catch crops without increasing problems
with club root, and maybe to use some catch crops to reduce the disease severity of club root in subsequent
vegetable crops.

Entomopathogenic nematodes which can reduce the survival of insect larvae in the soil is one of the natu-
ral regulating mechanism against insects which live part of their life cycle in the soil. Several insects, such as
the cabbage root fly, the carrot root fly and cutworms, which are important pests in vegetable production
have larval stages in the soil, and their survival and damage are affected by the presence of entomopatho-
genic nematodes. Indications exist that these nematodes are generally promoted by the methods of organic
agriculture (Kleespies et al., 1989). Further, it seems, that it can be possible to increase the nematode num-
bers specifically before the vegetable crops where they are most needed, by growing crops or catch crops in
the previous years, which host abundant numbers of susceptible insects which can be substrate for the nema-
todes (Jaworska, 1994; Nielsen and Philipsen in prep/a,b).

In experimental plots with spring barly with undersown clover-grass grown after incorporation of differ-
ent species of catch crops Axelsen and Thorup-Kristensen (in press) found extremely high densities of Col-
lembola and mites in the soil. Especially the figures from the plots with fodder radish (a crucifer) as catch
crop were high, but also the other plots with catch crops showed much higher densities than the control plots.
Thus the use of catch crops seems to favour the soil fauna, which can have some positive effects for the
grower, including suppression of pathogens (Lootsma, 1998; Scholte, 1998) and increased nitrogen turnover
rate (Bardgett and Chan, 1999). Both effects are due to the fungivorous lifestyle of most Collembola species.

Apart from the specific problems affecting different crops, there are also more general problems limiting
the development of organic vegetable production and crop production in general. One main problem is nitro-
gen (N) supply. One of the reasons for the success of organic dairy production is that nitrogen supply is gen-
erally no problem on dairy farms, as they grow many legumes and have a relatively small export of N with
their products. Among the vegetable crops, the success of organic carrot production is related to the fact that
carrots can be produced with a very low N supply (Serensen, 1993; Thorup-Kristensen and Van den Boo-
gaard, 1999). To achieve a significant increase in the organic production of vegetables and grain the
production on farms with few or no animals must increase. This means that crop production must be success-
ful in crop rotations with little access to animal manure. On these crop-oriented farms, much less legumes
will be grown as main crops, and the export of N and other nutrients with the farm produce will be much
higher than from the dairy farms. Therefore, lack of available N is a main problem limiting organic crop
production, even though the regulations allow a limited import of organic manure from conventional farms.

This lack of N leads to a reduced crop production in organic farming by reduced yields per hectare of the
crops or by divertion of some of the land to full year green manure crops. Typically 25% or even more (Bul-
son et al., 1996; Tersbel and Kristensen, 1997) is grown as full year green manure. However, using 25% of
the land without producing anything to sell is expensive and, it is not an efficient use of resources. Use of
full year green manure may also cause substantial environmental problems. Adding large amounts of N
every fourth year can lead to excess N supply for the first succeeding crop, large N leaching losses and too
little N supply for the following crops (Djurhus and Olsen, 1997; Macdonald et al., 1989), even though the
total N supply in the rotation is adequate.



We need to develop methods which 1) are cheaper to use, ii) can deliver available N more frequently, but
in more moderate amounts, and iii) leads to less N loss to the environment. Catch crops and autumn green
manures offer these possibilities. Growing more catch crops and autumn green manures, but less full year
green manures could improve both crop production and environmental effects of organic farming. The poten-
tial of these methods is demonstrated by the results from the organic vegetable crop rotation at Arslev (Tho-
rup-Kristensen, 1999).

Optimizing catch crops for their effect on N losses and N supply requires the use of many sorts of infor-
mation at once (e.g. Thorup-Kristensen and Nielsen, 1998). Based on information on soil type, climate, root-
ing depths etc., the farmer must decide whether to grow a catch crop in a specific position in the crop rota-
tion, which species to grow, how to establish them, and when to incorporate the catch crop into soil (Thorup-
Kristensen, 1996). Developing decision support systems could help the farmers make these choices and im-
prove the practical value of catch crops and autumn green manure crops.

Developing the methods for growing catch crops and autumn green manures offer clear advantages in N
husbandry on organic farms, but will also affect soil biology as discussed above, and the losses and availabil-
ity of other plant nutrients.

Potassium (K) is of special interest, as it is likely to become limiting to organic production especially on
the coarse sandy soils as found in western parts of Denmark (Askegaard and Eriksen, 2000), or in vegetable
crop rotations, where the amount of K sold with the farm produce is very high (Mengel and Kirkby, 1987).
Growing catch crops will affect K losses by several mechanisms. Catch crops will reduce the concentration
of K in the soil water, and thereby leaching. This can occur either as a direct effect of catch crop K uptake
(mainly important on coarse sandy soils with low K buffer capacity) or by their removal of anions as nitrate
and sulphate from the soil solution, which will also remove cations from the soil solution (Yani et al., 1996).
Finally, catch crops will create an upward K movement within their root system, offsetting some of the
downward movement with percolating soil water. If catch crops can significantly reduce K leaching losses,
this would increase their value for organic farming considerably.

Sulphur (S) is becoming a problem in Danish agriculture due to reduced deposition from the atmosphere.
In organic farming, lack of S is likely to become a problem in vegetable rotations, which will have very large
S deficits (Eriksen et al., 1999). Lack of S in vegetable production can limit yield, but even before a reduc-
tion in yield is observed, it could also reduce product quality. S is used by the plants to produce compounds,
which are important, both for their resistance to pests and diseases, for their taste and for some of the health
promoting effects of vegetables in the human diet (Schnug, 1990). Lack of S will also raise the nitrate con-
tent in vegetable products. S is lost from the soil by sulphate leaching, in much the same way as N is lost by
nitrate leaching. The S uptake by catch crops in the autumn will therefore reduce leaching losses. Compared
to monocots, crucifer catch crops have been found to take up much more S, reduce the leaching potential,
and to supply much more S to a succeeding crop (Eriksen et al., 1999). Still, only very few plant species
have been compared.

Phosphorus (P) can also become limiting to organic farming, though the soil reserves from previous con-
ventional farming are expected to last longer than the reserves of K. In the long run, lack of available P will
become important for most crops, but many vegetables need quite high P supply (Costigan, 1988), and could
react with reduced yield well before the soil is depleted as such. P from manure or plant residues has been
found to be more readily available than P from the soil. Thus, the uptake of P by catch crops, could make it
more available to succeeding crops. Some plant species are able to mobilize chemical forms of P from the
soil, which are not available for most other crop plants. If such plant species can be grown as catch crops,
they will be very valuable when the soil P level starts to become limiting.

Some of the beneficial effects we obtain from catch crops, could also be reached by growing optimal
combinations of main crops. Farmers, however, choose their main crops mainly for economic reasons,
whereas beneficial or negative effects of the crop on the soil or crop rotation is of secundary importance for
these choices. On the other hand, when using catch crops, the farmer is free to chose species on the basis of
their effects on the soil. Therefore, in practical terms, it is by growing catch crops, that the farmer is able to
utilize the characteristics of a larger number of plant species for optimizing the crop rotations.



4. State of the art

The common base of this project is the focus on improving possibilities for producing organic vegetables
and other crops, and the use of mainly catch crops to handle a number of the problems encountered. Many
different subjects and scientific disciplines are involved, and though there are many interrelations between
the different parts, it is not possible to describe the “State of the art” as one subject. We have therefore cho-
sen to describe “State of the art” as related to each of the proposed Work Packages. In this way we are able
to describe what we see as the background for the different parts of the project.

WP1 Nitrogen relationships of vegetable crops

As N supply is a main limiting factor for organic vegetable production, better utilization of the available
N resources in the cropping system is needed. The crops must effectively use what is available from the soil,
and the utilization of N left in soil and crop residues by subsequent crops should be optimized. Better use of
the available N resources will not only improve the possibilities for organic vegetable production, but also
protect the environment.

Generally vegetable crops need a quite high N supply to secure acceptable yield and quality, but they also
leave much N in soil and crop residues which can subsequently be lost (e.g. Wehrmann et al., 1988). The
availability of manures on vegetable farms are often very low, and the high N demand of some vegetable
crops is therefore often supplied through the use of full year green manure crops (Thorup-Kristensen, 1999).
But growing full year green manure crops is an expensive (Tersbel and Kristensen, 1997) and often ineffi-
cient method for N supply which can lead to large losses of N to the environment (Djurhuus and Olsen,
1997). Before many vegetable crops, green manures that are only allowed to grow in the early spring e.g.
until mid May could supply much available N (Stute and Posner, 1995) and replace the full year green ma-
nure crops.

The ability of vegetable crops to utilize available N in the soil is very different due to several factors such
as N demand, timing of N uptake and the very large differences in root growth found among vegetable crops.
Effective rooting depths range from only 0.2 m for crops as onion, leek or lettuce to at least 1.0 m and
probably significantly more (Burns, 1980; Greenwood et al., 1982; Thorup-Kristensen and Serensen, 1999;
Thorup-Kristensen and Van den Boogaard, 1998, 1999; Thorup-Kristensen, submitted/a).

When designing crop rotations with a high N use efficiency (NUE), vegetable crops should be placed in
the crop rotation according to their rooting depth and N demand. At positions in the crop rotation where N
leaching losses cannot be prevented in the previous autumn, significant amounts of N can be present at
greater soil depth in the spring (Addiscot and Darbey, 1991; Burns, 1980, 1984). Only deep-rooted crops can
reach this N. Shallow rooted crops should only be grown where little N is available in deeper soil layers.
This is the case e.g. where there has been an efficient soil cover (crops or catch crops, see WP8) until shortly
before establishment of the vegetable crop (Thorup-Kristensen, 1994).

To optimize the placement of vegetable crops in the crop rotation in relation to other main crops and
catch crops we must know how much N they need, when they need it and how much they leave in the soil.
This information is also needed for deciding to use the limited amount of available manure. Many studies
concerning N-demand for various vegetable crops have been carried out, but their root growth, ability to
deplete the soil, and the amount of N left in soil and crop residues are not well known for many vegetable
crops.

We have studied the root growth, soil N depletion and amount and N content of crop residues left for sev-
eral vegetable crops as cauliflower, carrot, lettuce, onions and early cabbage crops (Van den Boogaard and
Thorup-Kristensen, 1997; Thorup-Kristensen and Van den Boogaard, 1998, 1999; Thorup-Kristensen and
Serensen, 1999; Thorup-Kristensen, submitted/a). If we want organic vegetable producers to grow more
different vegetable species, we need information on a larger number of crops. It is likely that some vegetable
crops have rooting depths well below 1.0 m, but at present we have no information about this. White cabbage
was very efficient at depleting the soil to 1.0 m (Thorup-Kristensen and Serensen, 1999), and extrapolation
of the root measurements on cauliflower or early cabbage crops (Thorup-Kristensen and Van den Boogaard,
1998; Thorup-Kristensen, submitted/a) would indicate that a brassica crop with a long growing season could



reach rooting depths of between 2.0 and 3.0 m. This may seem unlikely, but similar rooting depths have been
indicated for winter rape already in May (Barraclough, 1989), and effective rooting depths of more than 2.1
m has been shown for sugar beet (Peterson et al., 1979). This deep rooting is of special interest as such deep
rooting strongly improves the possibility to regain N otherwise “lost” in the previous autumn (See WPS8) by
optimal design of crop rotations including such deep rooted crops or catch crops.

WP2 Entomopathogenic nematodes in organic cropping systems

Entomopathogenic nematodes belonging to Steinernema and Heterorhabditis occur widely in soil as in-
fective dauer juveniles. Their occurence have been documented in agricultural fields in all countries where
surveys have been made like for instance Germany (Sturhan, 1990; Ehlers et al., 1991), England and Holland
(Hominick et al., 1995), Finland (Husberg et al., 1988) and Belgium (Miduturi ef al., 1996). In Denmark the
occurence have been studied by Bovien (1937) and Nielsen (in prep/a,b). To fulfill their life cycle the nema-
todes enter and kill soil living insects. The dead insects serve as a feeding medium for the nematodes. The
occurrence and population dynamics of entomopathogenic nematodes reflects their regulatory role on insects
since propagation of nematodes influences insect populations negatively.

Quantitative studies of entomopathogenic nematodes are possible through extraction methods revealing
all nematodes or through more specific methods where susceptible insect larvae are used as baits in the soil.
Validation and comparison of one or more of these methods have been made by for instance Bedding and
Akhurst (1975), Bednarek (1986), Saunders ef al. (1982), and Curran and Heng (1992).

Research within the area of entomopathogenic nematodes under Danish conditions within the latest years
is concentrated to a project (Role of entomopathogenic nematodes in Danish agricultural fields) supported
by The Danish Ministry of Food, Agriculture and Fisheries in the years 1997-2000. This project is described
in more detail in Philipsen and Nielsen (1998) and covers aspects of entomopathogenic nematode ecology in
cabbage fields especially in relation to the cabbage root fly (Delia radicum) and in relation to host potentiel
of insect species from crucifereous crops.

In organic farming favouring entomopathogenic nematodes can be an important part of a preventive strat-
egy against pest insects. Unfortunately detailed studies on the population dynamics of these nematodes in
agricultural fields are limited. Sturhan (1996) studied a traditional cropping system in Germany and found no
correlation between nematode numbers and crop or cultural practise. In another survey the occurrence of
entomopathogenic nematodes at sites with different cropping systems was compared. There was a tendency
towards higher levels of entomopathogenic nematodes at farms grown organically compared to conventional
farms (Kleespies et al., 1989). A Danish survey in organic grown cabbage fields showed that the occurrence
of entomopathogenic nematodes in some cases was more frequent in the plant rows and that in general insect
mortality (measured with bait insects) was higher closest to the plants (Nielsen and Philipsen, in press). A
Polish work (Bednarek, 1998) showed that the use of organic manure increased the numbers of entomopa-
thogenic nematodes and it is also relevant to expect that integration of plants as in the growing system with
higher numbers of insects would favour the nematode population. Abundant insects that have shown to be
highly susceptible and potential hosts for entomopathogenic nematodes (under laboratory conditions) are for
instance Meligethes aeneus from oil seed rape (Nielsen and Philipsen, in prep/a, b) or Sitona spp. from pea or
bean (Jaworska, 1994; Wiech and Jaworska, 1990). Catch crops can be expected to have a positive effect on
entomopathogenic nematodes by attracting insects and by improving the soil conditons for the nematodes.

The above investigations indicate an influence of the cropping system on the occurrence of entomopatho-
genic nematodes. For that reason it would be relevant to identify those cultural practises that have a positive
effect on entomopathogenic nematodes. This could allow the farmers to actively favour the nematodes before
growing vegetable crops susceptible to important soil living insect pests.

WP3 Varieties, growing stability, disease resistance and quality
Many methods exist which can be used to handle the pest and disease problems on organic crops, but
choosing the right varieties is one of the most important measures. Varieties can be found which are fully or



partially resistant to important pests or diseases (Hoek, 2000; Jupe, 1999), or which are able to tolerate attack
without severe yield or quality losses (Anon., 1998) or which can avoid attacks (Arenfalk et al., 1994). An
example of disease avoidance is choosing early maturing onions to avoid the problems of downy mildew,
which are most severe during the later parts of the season (Bjern, 1998). When choosing varieties for organic
production, these characteristics, as well as yield and quality should be considered.

In the UK, the National Institute of Agricultural Botany started testing vegetable varieties for organic
production already in 1991 (Anon., 1998), but in other countries regular official testing has not been made.
Some tests of vegetable varieties for organic production have also been made in Denmark during the 1990ies
(Hagelskjeer and Kjeldsen, 1992; Bjorn et al., 1994; Kjeldsen and Hagelskjer, 1993; Arenfalk ef al., 1994;
Bjorn and Thinggaard, 1999), and in other countries as Germany and Switzerland.

Variety trials in organic vegetables can give important information on the optimal varieties for organic
farming. But performing parallel variety trials in conventional and organic production, can clarify i) whether
choice of variety is more critical in organic farming, and ii) if other characters are important. Running the
variety trials in parallel will also give important information on yield stability and the main reasons for low
yield or reduced quality in the two cropping systems.

In spite of the lack of pesticides, not all plant protection problems become worse in organic vegetable
crops as compared to conventional crops (Holm et al., 1999; van Bruggen, 1995). There can be many differ-
ent reasons for this, e.g. higher levels of some natural enemies of the pest organisms (see WP2) or lower N
supply to the crops which make them less susceptible to some leaf diseases (Jensen and Munk, 1997). As an
example, we have observed much lower levels of downy mildew (Peronospora destructor) on organic on-
ions and much less damage in organic carrots by the carrot fly (Psila rosae) than on similar conventional
crops during 1999.

In comparative studies it has been found that especially soil borne diseases were generally less severe on
organic farms than on conventional farms (van Bruggen, 1995). Soil borne diseases are often the reason for
product deterioration during storage, and it is therefore very likely that the occurrence of diseases during
storage will be lower in organic vegetables than in conventional vegetables.

With a few exceptions (Kjeldsen and Hagelskjeer, 1993; Keipert et al., 1990) organic variety testing is not
done parallel to conventional testing. At the Department of Fruit, Vegetable and Food Sciences we perform
variety trials each year in a conventional growing system. By combining these with parallel organic variety
testing during a number of years, we could gain much information on yield stability, prevalence of important
pests and diseases and main reasons for reduced yield and quality of the products in the two cropping sys-
tems.

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

Compared to N, much less is known about the effects of catch crops and green manures on soil P cycling
and P bioavailability. From an agronomic point of view, catch crops will not be of importance by reducing
phosphate leaching, as this is already relatively low. However, some catch crop species may be able to ac-
cumulate significant amounts of P, which may become easily available for the following crop once the catch
crop residues are incorporated (Atallah and Lopez-Real, 1991). In tropical low-input cropping systems, it is
now widely accepted that green manures may in this way be a very valuable P source (e.g. Kwabiah, 1997;
Medhi and De-Datta, 1997), but results on this aspect are very scarce under temperate conditions. Soil or-
ganic P mineralization will become of greater importance for plant P supply on long-term organic farms (Ot-
tabong et al., 1997; Stevenson and Cole, 1999), but so far the knowledge of soil organic P dynamics and
controlling factors is not as detailed as for N (Magid et al., 1996).

With long-term organic crop production without external P inputs, soil P bioavailability is bound to de-
crease, and we need to investigate whether certain catch crops is an appropriate technology to counteract a
decrease in bioavailability of P. We know that many plant species are capable of depleting both soil inor-
ganic and organic P fractions in the rhizosphere (Gahoonia and Nielsen, 1992, 1996; Jian et al., 1998; Ga-
hoonia et al., 1999), including also fractions not normally considered plant available or included by standard



soil P test methods. If we can identify catch crop species with particular abilities in this field, they may con-
tribute to P bioavailability both directly once the P taken up is mineralised and indirectly through increasing
the levels of dissolved organic matter (DOM). This has been shown to decrease sorption of released inor-
ganic P (Ohno and Crannell, 1996). It is well-known that P supply is of particular influence in the early
growth stages of most plant species (the starter-effect) and the timing of P mineralization is therefore also of
importance, i.e. whether the P release from the catch crop occurs rapidly even at low temperatures as has
been shown for N (Magid et al., 1999). This effect is of special importance for a number of vegetable crops
(e.g. Costigan, 1988).

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

Growers of organic vegetable have shown an increasing interest in using crucifer catch crops, primarily
due to their efficient prevention of N and S leaching losses and ability to supply these nutrients for succeed-
ing crops (Thorup-Kristensen, 1994, Eriksen et al., 1999) but also as a control measurement of soil-borne
diseases in a following crop (Bedker and Thorup Kristensen, 1999). However, the growers have an under-
standable reluctance to these crucifer crops owing to the risk of an increased disease pressure of club roots
(Plasmodiophora brassicae).

P. brassicae is a wide spread and serious disease in Scandinavia as 65% of the sampled vegetable bras-
sica plants in Finland showed symptoms (Linnasalma and Toiviainen, 1991) and symptoms were observed in
72% fields with spring oilseed rape in the central Sweden (Wallenhammer, 1996,1998).

Colhoun (1958) suggested a combination of a wide range of control measurements including adjustment
of pH, cultural practices and the growing of resistant varieties of cultivated brassica hosts. Non-brassicae
crops has shown to reduce spore survival (Wallenhammar, 1999). Rod and Robak (1994) found that Lolium
perenne was able to inactivate resting spores of P. brassicae as disease index was reduced by 70%. Yama-
gishi et al. (1987) found the same effect among resistant varieties of kale and turnips, which have a greater
effect in reducing the number of resting spores, compared with sorghum and spinach as a consequence of
inducing spore germination. Wallenhammer, (1999) did not find any significant effect on P. brassicae by
growing partly resistant lines in moderately infested soils. Though, partly resistant lines did not seem to act
as a sanitation crop, they certainly did not increase the infestation potential. This implies that it should be
possible to use resistant varieties or crucifer species, which are more distantly related to the brassica crop
species we grow, and thereby obtain a reduction in P. brassicae.

It is evident that perennial crops are able to reduce soil infestation level with P. brassicae (Rod and Ro-
bak, 1994; Wallenhammar, 1999) and red clover and red clover ley (Wallenhammar, 1999) increase infesta-
tion. Before crucifer autumn green manure crops can be adopted as a cultural practice by Danish farmers
producing organic vegetables, there is an urgent need to proof that it will not affect the disease potential of P.
brassicae in at least a negative direction.

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

In a preliminary study of mesofauna (Colelmbola and mites) in green manured fields Axelsen and Tho-
rup-Kristensen (In pres) found very high densities (up to 200,000 m-2) in spring barley plots with undersown
grass-clover. The catch crop/green manure species were hairy vetch, winter rye and fodder radish.

The high figures found by Axelsen and Thorup-Kristensen (In pres) may have at least two reasons.
Firstly, a large part of the soil fauna belongs to the detritivore food web, and is consequently dependent on
the supply of organic matter (Arden-Clarke and Hodges, 1988). It is well known that the supply of slurry and
farmyard manure can enhance the abundance of soil fauna considerably (Scholte and Lootsma, 1998), but it
has not been established whether green manure has the same effect, although the preliminary results suggest
this. Secondly, continuos plant cover in stead of bare soil is also known to favour the soil fauna (Wardle,
1995). Therefore, catch crops seem to have the potential of enhancing the abundance of soil fauna considera-
bly as suggested by the results of Axelsen and Thorup-Kristensen (In pres). However, the results are from
one soil type in one year, and it is not known if it applies to other situations, and to other soil fauna elements,
e.g. earthworms.



It is important for the public promotion of organic farming if the use of green manure/catch crops gener-
ally enhances soil fauna/biodiversity. Furthermore, the soil mesofauna is important for the farmers because
they can under some circumstances enhance the mineralisation of nitrogen from organic matter (Bardgett and
Chan, 1999) and suppress plant pathogens (Scholte and Lootsma, 1998) by grazing bacteria and fungi. In
order to maximise the positive effects of the soil fauna, it is important to optimise the conditions for the soil
fauna.

The positive impacts of earthworms on soil structure, drainage capacity and mineralisation of organic
matter is also well known (Baker, 1998). Therefore, it is also important to know how the earthworm popula-
tions respond to the use of different catch crops/green manure under different conditions.

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

Catch crops are essential in the reduction of nitrate leaching losses on clay soils as well as on sandy soils
(Hansen & Djurhuus, 1997). The effect of catch crops on the leaching of cations is less investigated. The
cation and anion concentration in the soil solution are, however, related and under influences of plant
growth. In a pot experiment it was found that this relation was influenced by the change of nitrate concentra-
tions (Yanai et a/.,1996). Yanai et al. (1996) found that a reduction in the nitrate concentration in the soil
solution corresponded with a reduction in the concentrations of cations. Based on the fact that i) only nutri-
ents in the soil solution are exposed to leaching and that ii) electrical neutrality is maintained in the soil solu-
tion, it is postulated that use of catch crops, which reduces nitrate leaching losses, will also reduce the loss
cations from the root zone.

The focus among the cations is on potassium (K) because severe K deficiency is expected in organic crop
production. The reason to this is that large quantities of K may be exported from the fields depending on 1)
the removal of K in harvested plant material and ii) the leaching of K to below the root zone (Askegaard &
Eriksen, 2000). Removal of K in harvested plant material varies from few kilos in barley grains to more than
hundred kilos in cabbage (Mengel & Kirkby, 1987). On conventionally grown fields Simmelsgaard (1996)
found K leaching losses between 1 and 8 kg K ha on clay soils and on sandy soils the K leaching losses was
several times higher. In an organic crop rotation experiment on a coarse sandy soil at Jyndevad (Olesen et al.
2000) the preliminary results have showed K leaching losses up to 60 kg/ha. Besides the effects on nitrate
leaching the use of catch crops in organic plant production is expected to constitute an important factor in the
management of K and other cations on organic farms.

Thorup-Kristensen (1994) tested different catch crop species on a sandy loam and found that all species,
including N,-fixing species, reduced the leaching risk substantially. There were however large differences
between the catch crops species and best results were found among the non-N,-fixing catch crops. These
relations may, however, be different on coarse sandy soil (covering 24% of the farmed area in Denmark),
because the N-content of this soil type is naturally lower compared with clay soils. It is postulated that leg-
ume catch crops will be better in the reduction nutrient leaching because they are self sufficient in N supply
and therefore able to develop an efficient root system on low N-soils. A prerequisite to this is however, that
K must not be in shortage as K deficiency may restrict N-fixation (Stanley & Collins, 1985) as well as root
growth (Tennant, 1976). An increased use of legume catch crops in organic crop rotations is expected to
increase the N supply to the crops compared with the use of non-N,-fixing catch crops, which is normally

ryegrass.

WP8 Very deep-rooted crops and catch crops in the crop rotation, N dynamics and modelling
Establishment of catch crops have proved to be an efficient method for reducing N leaching losses (e.g.
McCracken et al., 1994). Many crops that leave much N in the soil are, however, harvested too late to allow
establishment of an efficient catch crop after harvest. In these situations, available N will move down the soil
profile and in the following year, some of this N will be in soil layers too deep to be reached by a shallow
rooted main crop (Lippold and Nebe, 1994; Jensen et al., 1999). If, however, catch crops with very deep
rooting are grown in the next year, they can reach N in deep soil layers not exploited by the main crop, and
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in this way recover some of the N which was “lost” in the previous winter season. Previous results have
shown the existence of catch crops with such very deep rooting (Thorup-Kristensen, submitted/b). Therefore,
if such catch crops with very deep rooting can be grown, it broadens the possibilities to use catch crops to
keep N within the agricultural system where it can be used for crop production instead of being lost to the
environment.

Deep-rooted dicot catch crops have been found to take up more N and deplete especially the deeper soil
layers more efficiently than monocot catch crops with less rooting depth (Thorup-Kristensen, 1993; submit-
ted/b). Further, substantially more N was taken up in the succeeding crop when it followed a deep-rooted
catch crop than when it followed a normal catch crop with less rooting depth. These results confirm the spe-
cial advantage of N uptake from deep soil layers both environmentally and agronomically.

Several results show that some crops (Barraclough, 1989; Peterson ef al., 1979) or catch crops (Thorup-
Kristensen, submitted/b) can have very deep rooting, i.e. efficient rooting depths of 1.5 m or more. Theoreti-
cal analysis and model simulations (Jensen et al., 1999) show that this is very important for retaining N in
the cropping system and protecting the environment, but very few experimental results exist which show N
dynamics in deep soil layers and the effect of crop rooting (Izaurralde et al., 1995; Dick and Christ, 1995).

The previous studies of deep-rooted catch crops have used catch crops established after harvest of an
early harvested main crop. Under Danish conditions catch crops are normally established by undersowing in
cereals, and for this purpose, only grasses are used at the moment. As grasses are normally not very deep
rooted, the advantages of very deep-rooted catch crops are not utilized. To implement the use of deep-rooted
catch crops, and gain the benefits from this, we need to introduce very deep-rooted catch crops, which can be
established by undersowing in cereals. According to previous results (Kutschera and Lichtenegger, 1982ab;
Thorup-Kristensen, submitted/b) very deep-rooted catch crops are most likely to be found among among
dicot species. Chicory has been identified by Karlson-Strese et al. (1996 and 1998) as a promising catch crop
for undersowing, and preliminary results indicate that this crop do have very deep rooting.

Undersowing legumes is also a very interesting possibility in organic crop production, as it allows a main
crop to be grown, and the autumn to be used for N,-fixation. Legumes are less well documented as catch
crops, and their effect less certain compared to grasses. Still, some legume crops are reported to be very
deep-rooted, and could therefore be efficient catch crops. If legumes can at the same time add new nitrogen
to the system by N fixation and effectively prevent N leaching losses in the autumn, they are very interesting
for organic crop production.

Growing catch crops successfully requires that choice of catch crop species, incorporation time, and the
position of a given catch crop type in the crop rotation is decided according to a number of factors. Some of
the main factors are the amount of N that could be lost, soil water holding capacity, normal winter surplus
precipitation, rooting depth and N demand of the succeeding crop. This is complicated, and to improve the
use of catch crops in practise, it would be obvious to build a decision support system, which could guide the
farmers in these choices.

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

Until 10 years ago S did not receive much attention in Danish agriculture because the atmospheric deposi-
tion, primarily originating from the burning of fossil fuels, exceeded the plant S demand. However, signifi-
cant reductions in SO, emissions have been achieved in large areas of Europe as a result of national policies
to reduce primary air pollutants. The S deposition has decreased from approx. 38 kg S ha™ year™ in the late
1960’ies (Jensen, 1967) to approx. 12 kg ha™ year™ in 1991-92 (Hovmand et al., 1994). As a result the over-
all S balance for Danish agricultural soils has been negative since the end of the 1980’ies (Eriksen, 1997). In
certain years S deficiency symptoms has been widespread and the Advisory Service has recommended S
application in most crops. In organic farming systems we have only recently paid attention to the S supply of
plants.

Insufficient S supply influences both the quantity and the quality of protein in plants. As a part of the
amino acids cysteine and methionine S influences the protein synthesis of plants. If the availability of S is
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insufficient the content of the amino acids in protein decreases or the protein synthesis stops (Mortensen and
Eriksen, 1994). In vegetables S plays an important role in the secondary plant metabolism which is related to
parameters determining nutritive quality, flavor, taste and resistance against pests and diseases (Schnug,
1990). Furthermore, a shortage in the S supply of vegetables affects the utilization of N for protein synthesis
leading to accumulation of nitrate in S deficient plants. In wheat the baking quality is affected because the S
amino acids in the gluten fraction of flour are responsible for the elasticity of the dough and the bread vol-
ume (Wrigley et al., 1984).

We have determined sulphate leaching in two organic systems. As an average of the years 1994-97 sul-
phate leaching from a dairy crop rotation was 20 kg S ha™', which was equivalent to 60% of the total input to
the rotation. Sulphate leaching was very variable, ranging from 4 to 45 kg S ha™ year™ for the same crop in
different years (Eriksen and Askegaard, 2000). In the DARCOF crop rotation experiment sulphate leaching
was determined in 1997-98 (Eriksen et al., 1999). Leaching losses were high (38-45 kg S ha™' year™) and
exceeded the S inputs in all cases.

In order to maintain a sufficient S supply in the future when further reductions in the atmospheric deposi-
tion are expected, it is important to reduce leaching losses of sulphate. It has been demonstrated that a catch
crop succeeding the main crop can absorb nitrate from the root zone during autumn and winter and thereby
reduce nitrate leaching (Thorup-Kristensen and Nielsen, 1998). Similar beneficial effects of catch crops on
sulphate leaching, has been found in some initial studies.
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5. 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 vegeta-
ble 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:

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

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

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

Work
Management options  packages Problems Objective

Soilfauna | wp Pest insects

* predators /

* food web Pests anddiseases

— WPS | Pathogens / \

?;‘;’t‘gc'f" /‘ Major objective:
. : WP3 - Increased production
. \c;;(?i%tc;home » Quality ™| of a wider range of
* root growth \QA 32%2’;;%?2: grown

A 4

Catch cropsand
green manures

* variety 1
* root growth

* persistence

» Nutrients

Sulphur

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.

To pursue the objectives a number of work packages have been designed. With these work packages 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 farm-
ers, 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 communica-
tion of already existing knowledge, most directly through the development of a decision support system.

13



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 contexts
as well. If catch crops becomes 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 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 internal 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 environmental
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 aimed at reducing N losses from agriculture re-
quires 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 effective root-
ing depth is approximately 1.0 m. This assumption is used both when collecting soil water to study the leach-
ing 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 results 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.
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6. Description of workpackages including methods

Table 1: Workpackage list

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

package ticipant

No

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

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

3 Varieties, growing stability, disease resis- Gitte Kjeldsen Bjorn | 1.24 2000 | 2004
tance and quality

4 Catch crops as a tool for increasing P bio- Lars Stoumann Jen- |0.67 2001 {2003
availability on soils of low P status sen

5 Influence of autumn green manure crops on | Lars Bedker 1.24 2002 | 2004
club root (Plasmodiophora brassicae)

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

7 The effect of catch crops on N and K leach- | Margrethe Aske- 1.62 2001 | 2004
ing and crop production, with focus on gaard
coarse sandy soils.

8 Very deep-rooted crops and catch crops in | Kristian Thorup- 1.82 2000 |2004
the crop rotation, N dynamics and modelling | Kristensen

9 The effect of catch crops on sulphate leach- | Jorgen Eriksen 0.95 2001 {2002

ing and availability of S for the succeeding
crop

The experimental work in this project will use some of the DARCOF workshop areas. The workshop area
at Arslev with a vegetable crop rotation (Thorup-Kristensen, 1999) will be used for most of the experiments.
This workshop area is already based on intensive use of catch crops and autumn green manures, and will
allow experiments to be made with the relevant vegetable crops. The soil type at the workshop area at Arslev
is sandy loam. The workshop area at Jyndevad has a coarse sandy soil, and will be used for the experiments
with catch crops in grain production and for most of the studies on potassium effects of catch crops. Some
experiments will be placed at KVL, and especially a field which has been depleted for phosphorus and potas-
sium for 30 years will be used for the experiments with phosphorus effects of catch crops.

All work packages will be involved in active communication of results to farmers and advisors during the

project period (see Objectives and expected achievements). This is general for the whole project, and is

therefore not repeated at the description of the individual work packages.

Further, many of the deliverables and milestones, especially those related to publication of results are
shown in table 3: Deliverables list and to avoid repeating all of this information, this information is only
shown in table 3 and not in the description of the individual work packages.

From some of the work packages, data will be delivered to another of the proposed projects (Project: In-
teractions between nitrogen dynamics, crop production and biodiversity in organic crop rotations analysed
by dynamic simulation model, acronym BIOMOD). This project will be referred to as BIOMOD in the text

below.
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Table 2: Description of workpackages

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

Workpackage number: 1

Start date or starting event: April 2000

Responsable person: Kristian Thorup-Kristensen
Contributing persons:

Person-months (scientific): 20

Objectives

1) To co-ordinate the VEGCATCH project.

2) To acquire the information about rooting depth during growth, soil N depletion, N uptake dynamics, N
residues 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 de-
velopment of the decision support system on the use of catch crops (WPS).

4) To test the value of green manure crops incorporated in the late spring, as an N source an 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 a frequently updated home
page describing the project and its development, articles about the project in general, and arranging two
workshops 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. Biomass
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 measured,
and compared to plots without preceding legumes. N,,;, will be measured in the late summer in subplots
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.

16



WP2: Entomopathogenic nematodes in organinic cropping systems

Workpackage number: 2

Start date or starting event: April 2000
Responsable person: Holger Philipsen, KVL
Contributing persons: Otto Nielsen, KVL
Person-months (scientific): 22

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 system
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 entomopa-
thogenic 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 nematodes 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 different 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 grow-
ers including vegetables in their rotation system. Up to 10 pairs of farms will be studied by taking soil sam-
ples. 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 nematodes.

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

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

Workpackage number: 3

Start date or starting event: April 2000
Responsable person: Gitte Kjeldsen Bjorn
Contributing persons:

Person-months (scientific): 11

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 dif-
ferences or similarities in the two growing systems. We plan to include varieties of more vegetable species
(e.g. broccoli and 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
competition), growth duration, harvest spread, yield, product quality, damages by diseases (e.g. Downy mil-
dew, Cavity spot, scab and Alternaria) and pests (e.g. cabbage root fly, carrot fly, aphids, caterpillars and
cutworm). After harvest carrots and onions will be placed in cold-storage to register the susceptibility to stor-
age disorders (e.g. watery 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.

IWP4: Catch crops as a tool for increasing P bioavailability on soils of low P status

Workpackage number: 4

Start date or starting event: 2001

Responsable person: Lars Stoumann Jensen
Contributing persons: Jakob Magid, Niels E. Nielsen
Person-months (scientific): 12

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.
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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 approximately % of the field and two crop rotations were started, each with seven nutrient
treatments and two replicates (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
preceded the spring wheat: 1) treatment B (moderate NKS, but no P fertilisation, grass-clover ley preceding
year), ii