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Abstract 

Organic cereal production on coarse sandy soil is a challenge because of low soil fertility and a general limitation on the use of animal manure. The possible exclusion of conventional animal manure in organic crop production increases the challenge further. Two factorial experiments were carried out aiming at investigating the potential of legume catch crops with respect to residual effects and effects on N leaching. Legume catch crops were compared with non-legume catch crops in systems with spring barley as the main crop each year. Grain yields were determined and N leaching losses measured by means of installed ceramic suction cups. The legume catch crops, especially white clover and red clover, showed large residual effects in  succeeding spring barley, and clover was efficient in reducing N leaching losses. A clover catch crop had the potential to replace animal manure but attention should be paid to the risk for poor growth in soil recently cropped to clover.    

Introduction 

Animal manure (AM) is an important nutrient source in organic agriculture. However, in Denmark a significant part of applied AM, especially on organic arable farms, is imported from conventional farms. It is widely debated whether this import of conventional AM should be prohibited, and if that happens it will become urgent to compensate for the missing nutrients through import from alternative sources. In grain production there is a special focus on the nitrogen (N) supply. For the compensation of conventional manure there is a need to focus on increased utilization of N2 fixation in legume plants and on catch crops, which reduce the N-leaching losses and thus improve the N nutrition of subsequent crops. The most commonly used catch crops in Denmark are non-legumes such as ryegrass. A field experiment “organic crop rotations for grain production” on coarse sand has shown large effects of ryegrass catch crops in reducing nitrate leaching (Askegaard et al., 2005). However, there is a need to study the effects of catch crops other than ryegrass, and legume catch crops may become valuable because they both fix atmospheric N2 and take up nitrate-N from the soil solution (Thorup-Kristensen et al., 2003). The potential of legumes as catch crops was investigated on a coarse sandy soil (<5% clay), which represents about 25% of the agricultural soil in Denmark. One objective was to test the possibility of replacing a cropping system based on ryegrass catch crops plus AM with a system relying on clover catch crops only. Another objective was to test the residual effects of legume catch crop species.   

Materials and methods 

The experiments were carried out at Jyndevad Research Station, Denmark, on irrigated coarse sand. Spring barley (Hordeum vulgare L.), harvested at maturity, was sown in all plots after spring ploughing each year, and the catch crops were undersown at the beginning of stem elongation. All straw was chopped and left on the soil. During autumn the plots with no catch crops were kept bare by means of two shallow harrowings; the plots with catch crops were left undisturbed. 

Legume catch crops as a substitute for animal manure (Experiment I): The treatments established in barley in 2001 in 144-m2 plots with four replicates were: 1) no catch crop with AM (CCno/AM); 2) perennial ryegrass (Lolium perenne L) catch crop with AM (CCgrass/AM); and c3 clover catch crop (mixture of red clover (Trifolium pratense L.) and white clover (Trifolium repens L.) without AM (CCclover). The combination of treatment and plot was maintained during the experimental period. Each spring, 70 kg total-N ha-1 in conventional pig slurry was injected into the spring barley seedbed in the two AM treatments. Potassium (K) was applied to the treatment with clover catch crop in an amount corresponding to the K content of the AM treatments. The experiment was discontinued after harvest in 2003 because of poor clover development. Leaching of nitrate-N was measured using porous ceramic cups installed at 1-m depth. Samples taken every one to four weeks were analysed for nitrate-N. The estimated accumulated annual leaching was calculated from 1 April to 31 March. 

Residual effects of legume and non-legume catch crops (Experiment II): The experiment was established in spring 2001 and replicated on an adjacent area in the 2002/03 season, where slurry (70 kg total-N ha-1) was injected into the seedbed of spring barley. Nine plots with catch crop species/mixtures and four plots without catch crops were randomly established in three blocks in 48-m2 plots. The catch crop species were: white clover; red clover; Persian clover (Trifolium resupinatum L.); black medic (Medicago lupulina L.); kidney vetch (Anthyllis vulneraria L.); rye/hairy vetch mixture (Secale cereale L./Vicia villosa L.); ryegrass; chicory (Cichorium intybus L.); and fodder radish (Raphanus sativus L.). Rye/hairy vetch and fodder radish were first sown after harvest of spring barley. Spring barley was sown the following spring for measurement of the residual effects. Four reference N-fertilizer treatments (0, 40, 80 and 120 kg N ha-1) were applied in spring to the plots without a previous catch crop. In the catch crop treatments the succeeding spring barley was unfertilized.

Apart from N fertilizer application to the reference plots in exp. II and application of K to the clover as a KCl salt in exp. I, the treatments were managed according to the Danish certification standards for organic farming. 

Results 

Experiment I: In 2001, when a grass-clover catch crop preceded barley in all treatments, the application of AM to the treatments with no catch crop and ryegrass catch crop increased grain yields (Table 1). The effects of the clover catch crop and the ryegrass catch crop plus AM on grain yields in 2002 and 2003 were at similar levels and significantly higher than in the treatment with AM application and no catch crop.

The annual flow-weighted mean NO3-N concentration (nitrate leaching per volume of drainage) in the CCno/AM treatment was between 13 and 16 mg L-1. This was significantly higher than the values for the catch crop treatments, which were between 5 and 8 mg NO3-N L-1. The WHO guideline for drinking water is a maximum of 11.3 mg NO3-N L-1. 

Table 1:  Effects of three catch crop treatments on annual N leaching and grain yields of a succeeding spring barley. Values with the same letter are not significantly different within the column (P<0.05). 

	1Treatment
	Leaching

kg nitrate-N ha-1
	Grain yield

t DM ha-1

	
	2001/02
	2002/03
	2001
	2002
	2003

	No catch crop, with animal manure (AM)
	100a
	96a
	3.8a
	2.4b
	2.2b

	Ryegrass catch crop, with AM
	55b
	23b
	3.6a
	3.2a
	3.2a

	Clover catch crop, without AM
	60b
	31b
	2.2b
	3.1a
	2.7ab


1The treatments were carried out each year.

Experiment II: Catch crop treatments significantly affected grain DM yields of the succeeding spring barley (Fig. 1). The yield levels following the non-legumes were similar to the treatment with no catch crop and no N fertilizer, whereas the residual effect of white clover on grain yields corresponded to 120 kg N fertilizer ha-1. 
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Figure 1: Effect of catch crop species and mineral N fertilizer application on spring barley grain yields.  Values with the same letter are not significantly different (P<0.05). 

Discussion 
The significant difference in residual effects between legumes and non-legumes was caused by the low fertility status of the coarse sandy soil. This low fertility is the result of a coarse soil texture and high autumn/winter precipitation that is typical for the site. In the comparison of grain yields from barley getting nutrients by feeding on clover residues or on spring applied AM only, the larger yield response following a clover catch crop indicates that more N was captured and made available to plants through N2-fixation than the allowance in AM.
In the present experiment the clover catch crop was as effective as the ryegrass in reducing N leaching. In another experiment on the same site a ryegrass catch crop reduced N leaching more than clover, but the clover was still efficient (Askegaard and Eriksen, 2008). The reason for the relatively good effect of clover on N leaching could be better timing between clover NO3-N uptake after harvest of the main crop and onset of the NO3-N leaching losses, which normally start early in the autumn on this soil type (Askegaard and Eriksen, 2008).

The spring barley system based on clover catch crops undersown each spring as the sole N source was not stable, as the clover exhibited poor growth after a few years. This could be due to the simple variation between years or more likely the build-up of clover cyst nematodes in the soil, which can be significant with repeated sowing of white clover in the same field (Søegaard and Møller, 2005).

Among the tested legume species, the largest residual effects originated from the two most common legumes in ley production, white clover and red clover. It needs to be emphasized that only one variety per species was included in this experiment.

Conclusions 

Clover catch crops significantly increased yields and reduced the loss of nitrate-N to the environment. It appears that clover catch crop has the potential to replace AM as a nutrient source for spring barley on the coarse sandy soil. Among the tested clover species, white clover and red clover had the largest residual effects, which corresponded to the effect of 100-120 kg N ha-1 in mineral fertilizer. A possible drawback with clover as a catch crop is the poor establishment in recently clover-cropped soil,  a subject that is currently under investigation.
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