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Abstract

Under conditions with wet mild winters due to high nitrate leaching risk growing systems with high nitrogen (N) uptake efficiency in autumn are necessary, especially after pre crops with a high N release. In 2003 and 2004 a field trial was conducted in Northern Germany to investigate autumn N uptake and nitrate leaching in autumn sown winter wheat (Triticum aestivum L.) and winter oilseed rape (Brassica napus) grown intercropped with catch crops. Catch crops in pure stands were sown as control. In each system three catch crops common vetch (Vicia sativa), forage rape (Brassica napus) and oats (Avena sativa) were tested simultaneously. The experiment was run parallel after grass clover (high N status) and oats (low N status). N uptake, soil mineral nitrogen (Nmin) and nitrate leaching of all stands were determined. Especially with winter wheat intercropping with catch crops increased N-uptake in autumn. In all stands forage rape and oats led to a higher N uptake than common vetch. In comparison to pure sown winter wheat, intercropping reduced Nmin by more than 30 %. Nitrate leaching was highest after grass clover. Averaged over both pre crops intercropping of winter wheat and catch crops led to a reduction of nitrate leaching in a range of 38 to 60 %. Grown as intercrop to winter oilseed rape forage rape and oats decreased nitrate leaching compared to pure sown rape by 50 and 39 %, respectively. If cultivation of winter wheat after N intensive pre cop in winter mild climates is wanted, an intercropped production system with catch crops is a mean to reduce N leaching risks. Further investigations are necessary to clarify on yield performance of the main crops when growing together with catch crops.

Introduction
In organic farming winter wheat and winter oilseed rape is typically grown after good pre-crops such as grass clover as it pays well in terms of yield and quality. Especially under climatic conditions with wet mild winters much nitrate may be lost by leaching before spring, because winter cereals develop slowly and their N-uptake is smaller than the N amount mineralized from incorporated pre-crop residues. The benefit of catch crops in pure stand to reduce the soil content of mineral N and nitrate leaching over winter is documented by many studies (Meisinger et al. 1991, McLenaghen 1996, Francis et al. 1998, Justes et al. 1999, Aronsson 2000). Autumn sown catch crops grown as understorey to winter wheat could improve N-uptake of winter cereals and therefore lower the risk of unproductive N-leaching. After freezing off or incorporation between the main crop rows N release from catch crops residues could improve N availability for the cereal crop. Therefore catch crops were cultivated together with winter wheat and winter oilseed rape, respectively, in an intercropped growing system and compared to pure sown wheat and rape as well as to classic overwintering pure stand catch crops grown before a spring crop. The hypotheses of the investigation are that because of the temporal N retention by the accompanying catch crops over winter less nitrate losses occur and both environmental and nutritional effects of the overwintering main crops will be improved.
Materials and methods
Field experiments were carried out in Northern Germany (53° 40´ N; 10° 35´ E) at the organic managed experimental farm Lindhof (Kiel university) in 2003/04 and 2004/05 in a split plot design with three replicates. The site is characterised by Luvisols and Cambisols as soil types, a mean annual air temperature of 8,7°C and a mean annual precipitation of 774 mm. Winter wheat (Triticum aestivum) and winter oilseed rape (Brassica napus) were grown intercropped with catch crops with the aim to improve autumn N uptake and to avoid unproductive nitrate leaching. Pure sown wheat and oilseed rape as well as pure stands of catch crops were sown as control (Table 1). In each system three catch crops common vetch (Vicia sativa), forage rape (Brassica napus) and oats (Avena sativa) were established at the end of August, 2003 and 2004, respectively. The pure stands catch crops were sown at a row distance of 12 cm, while in the intercropped treatments a wide row spacing of 36 cm was chosen. Between the wider rows in half of the plots winter rape was sown at the same time, while in the remaining plots winter wheat was established five weeks later at the beginning of October. To analyse the influence of the soil N status the experiment was run simultaneously after two different preceding crops grass clover (high N status) and oats (low N status). 
Total plant N uptake (shoot and roots), soil mineral nitrogen (Nmin) in spring and autumn as well as nitrate leaching of all stands was measured. Leaching of nitrate was determined with ceramic suction cups. Leachate was sampled weekly between mid of November and mid of March during both winters and analyzed for NO3 concentrations. The volume of leaching water was calculated by a general water balance model. Statistical analyses were carried out with the procedure Mixed of the SAS® Software (Vers. 9 SAS Institute 2001). Multiple comparisons of means were performed using the T-test with correction according to Bonferroni-Holm.
Tab. 1: Factors and factor levels of the field experiment 
	Factor
	Factor level

	1. Preceding crop
	1.1 Three times mulched grass clover

1.2 Oats

	2. Main crop
	2.1 Winter wheat

2.2 Winter oilseed rape

2.3 Spring wheat

	3. Catch crop
	3.1 Without catch crop 

3.2 Common vetch

3.3 Forage rape

3.4 Oats

	4. Replications
	3


Results 
Catch crops in the intercropped system realised a comparable N-uptake to pure sown catch crops and were especially beneficial in combination with winter wheat, because of low biomass productivity of winter wheat (Tab. 1). The catch crops forage rape and oats showed a higher N uptake capacity than common vetch. Catch crops were able to reduce Nmin in autumn by 32-45 % compared to the pure sown winter wheat. Averaged over the two main crops all catch crops showed higher soil Nmin contents in autumn than in spring. Differences reached from 11.5 to 30.2 kg ha-1 and indicate nitrogen losses over winter. The differences were highest after the pure stands of winter wheat and oilseed rape, followed by the treatments common vetch. Pure sown winter wheat showed higher leaching losses than intercropped wheat. Averaged over both pre crops intercropping of catch crops and winter wheat led to a reduction of nitrate leaching in a range of 38 to 60 %. In each of the three systems forage rape and oats used as catch crops showed the highest reduction of nitrate leaching. 
Tab. 2: Impact of main crop and catch crop on plant-N-uptake, soil mineral N in autumn and spring and on leached nitrate-N over winter 
(averaged over 2 experimental years and 2 pre-crops)
	Main crop
	Catch crop
	Plant-N-Uptake in Autumn- 
(kg N ha-1)
	Autumn-Nmin
(kg N ha-1)
	Spring-Nmin
(kg N ha-1)
	Nitrate-N leached 
over winter

(kg N ha-1)

	Winter wheat
	Without
	28.1 c*
	76.0 a
	45.8 a
	87.7 a

	Winter wheat
	Common vetch
	66.5 b
	51.8 b
	34.7 ab
	54.3 b

	Winter wheat
	Forage rape
	92.4 ab
	42.1 b
	32.2 ab
	45.8 bc

	Winter wheat
	Oats
	88.9 ab
	51.1 b
	39.1 ab
	35.0 c

	Winter rape
	Without
	64.0 b
	55.4 b
	30.4 b
	57.6 b

	Winter rape
	Common vetch
	72.1 b
	48.5 b
	28.7 b
	57.0 b

	Winter rape
	Forage rape
	93.1 ab
	38.8 b
	25.8 b
	28.6 c 

	Winter rape
	Oats
	112.0 a
	37.2 b
	23.2 b
	35.0 c

	Spring wheat
	Without
	79.2 b
	46.1 b
	31.4 ab
	38.1 bc

	Spring wheat
	Common vetch
	57.8 b
	45.8 b
	29.5 b
	41.8 bc

	Spring wheat
	Forage rape
	78.2 b
	37.6 b
	27.1 b
	27.6 c

	Spring wheat
	Oats
	75.1 b
	35.2 b
	23.7 b
	28.7 c


*) same letters in one column are not significantly different P≤0.05

Tab. 3: Impact of pre crop on plant-N-uptake, soil mineral N in autumn and spring and on leached nitrate-N over winter 
(averaged over 2 experimental years, 4 catch crops and 3 main crops)
	pre crop
	Plant-N-Uptake in Autumn- 
(kg N ha-1)
	Autumn-Nmin
(kg N ha-1)
	Spring-Nmin
(kg N ha-1)
	Nitrate-N leached 
over winter

(kg N ha-1)

	Grass clover
	89.1 a*
	60.1 a
	39.8 a
	64.4 a

	Oats
	61.0 b
	34.2 b
	38.2 a
	25.1 b


*) same letters in one column are not significantly different P≤0.05

Comparing the effects of the pre crop (Tab. 3.) plant-N-uptake and soil Nmin in autumn was higher after grass clover confirming the hypothesed higher autumn N-release from incorporated crop residues. While after grass clover losses of soil Nmin over winter occurred, net mineralization after oats led to higher spring compared to autumn Nmin-values. On average over all treatments after grass clover much higher nitrate-N-leaching losses were determined compared to oats as pre crop. 
Discussion
The in literature well described ability of catch crops to reduce nitrate leaching losses over winter is confirmed even when catch crops are sown late in northern latitudes with a time limited vegetation period. The before this study in literature less often discussed hypotheses that accompanying catch crops increase N-uptake and therefore decrease nitrate leaching losses in winter cereals could be verified. The investigation highlights again the high risk of nitrogen leaching losses growing winter wheat after good pre crops in winter mild climates. As due to economic reasons this is quite typical for organic wheat production, all measures have to be taken into account to guarantee an in all aspects environmental friendly production system. Intercropping winter cereals with autumn sown catch crops is a mean to reduce N leaching risks. Due to concurrence between catch crop and main crop with respect to other growing factors, further investigations are necessary to clarify on yield performance of the proposed growing system (Mauscherning 2008).
Conclusions
Growing catch crops is a mean to avoid unnecessary environmental risky leaching losses of the important growing factor nitrogen also under winter mild conditions in northern latitudes with a time limited vegetation period. If due to economic reasons in these climates cultivation of winter wheat after N intensive pre crops is wanted, an intercropped production system with catch crops as understorey is a mean to reduce N leaching risks. Further investigations are necessary to optimise yield performance and quality of the main crops when growing together with catch crops.
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