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Abstract

In organic farming, harvest of spring peas is a problem because of the often high density of weeds, but also the low yield stability. In the present experiments, seven different genotypes of winter peas (six regular types and one semi-leafless type) and one spring pea (semi-leafless) were examined between 2004  and 2007 in pure and mixed stands (with cereals) in terms of their suitability as a harvest crop at two different sites per season in Germany (experimental fields of the University of Kassel Frankenhausen (2004-2007), Hebenshausen (2004) and  the experimental farm of the University of Applied Sciences Osnabrueck, Waldhof (2005-2007).

Grain yields of the regular leaf type in mixed stands during the first three years varied because of varying N supply (preceding crops and weather conditions). When availability of N was relatively low, pea grain yield ranged between 2.5 and 4.0 t ha-1 in Frankenhausen and 1.5 and 2.5 t ha-1 in Waldhof, and were at levels comparable to spring pea yield, which varied from 2.0-3.4 to 1.5 t ha-1, respectively. In addition, mixtures contribute rye yield. At a relatively high N supply, pea yields were relatively low, but rye yields relatively high. Crude protein concentration and concentration of some amino acids (lysine, tryptophan and arginine) partially were significantly (p<0.05) higher in the regular leaf types than in the semi-leafless types. 
Introduction

Winter pea is an old crop that has hardly been cultivated in recent decades because of the increasing imports of soybean and higher inputs of mineral fertilizers. The cultivation of regular leaf types, however, is advantageous compared to spring peas because of their efficient suppression of weeds (Graß 2003), higher yield stability (Stelling 1996), and higher yield potential (Charles 2001).The objective of the study was to investigate different genotypes of winter peas for winter hardiness and the value of cultivating them in organic farming.
Materials and methods

Field experiments were conducted in 2003/2004 on both experimental sites of thee University of Kassel, Domäne Frankenhausen (DFH; loam on loess) and Hebenshausen (HEB; loam), and during 2004/2005 and 2006/2007 on DFH and the experimental farm of the University of Applied Sciences Osnabrueck, Waldhof (WH; loamy sand), respectively. Four colourful flower, regular leaf type winter pea genotypes from the gene bank Gatersleben (convariety speciosum; cv. Griechische, Nischkes Riesengebirgs, Unrra and Wuerttembergische) were compared with a white flower, semi-leafless and two colourful flower, regular leaf type EU cultivars (convariety sativum and speciosum; cv. Spirit in 2004, Cheyenne in 2005-2007, and Assas and EFB 33), as well as a white flower, semi-leafless spring pea (cv. Santana). Peas were cultivated in pure stands and two substitutive mixtures with cereals (rye, cv. Danko; spring oats, cv. Aragon (2004)) and spring barley cv. Ria (2005-2007), respectively. The substitutive mixtures consisted of 25 % (M1) and 50 % (M2) of pea pure stands (80 germinable seeds m-2).  The experimental design was a Latin square (DFH 2004), a randomized complete block design (HEB 2004), and a split plot design in 2005-2007 (n=4). The size of plots for sampling at harvest was 20 m2 (DFH, HEB) and 9 m2 (WH).         

Determination of nutritive quality was done by NIRS analysis (total N by Kjeldahl). Also, amino acids in pea grains of treatment M2 were determined via NIRS and by wet chemistry according to the EU and AOAC 994.12-method (Anonymous 1998, Llames and Fontaine 1994; tryptophan: Anonymous 2000, Fontaine 1998).

Results and Discussion

While the four genotypes and the EU cultivar EFB 33 consistently did not suffer from considerable losses from frost, both French cultivars Cheyenne and Assas faced severe losses as a result of weather conditions during winters 2005-2006 and 2006-2007 (data not shown) at some experimental sites, e.g. at DFH, even with complete losses in winter 2002-2003 (Urbatzka et al. 2005). As a consequence these two cultivars do not show sufficient winter hardiness for cultivation at sites with comparable climatic conditions.     
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Figure 1: Pea and cereal grain yields at DFH (2006) (RY=Rye; Ba=barley; error bars = standard deviation; different letters denote significant differences between cultivars in terms of pea grain yield (T - test): small underlined letters for pure stands at p<0.05; small letters for M1 at p<0.05; large letters for M2 at p<0.001; significant interactions for cultivar by mixture)

Grain yield of regular leaf type winter peas in mixtures varied considerably depending on the preceding crop and weather conditions in autumn and the consequent N availability (DFH and HEB): at a relatively high N supply winter rye gave 4 to 7 t ha-1 and therefore had the highest impact on total crop yield of mixtures, whereas pea yield ranged from 0.5 to 2.0 t ha-1 (HEB 2004, DFH 2006, Figure 1)).
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Figure 2: Pea and cereal grain yield at DFH (2005) (ry=rye; ba=barley; error bars = standard deviation; different letters denote significant differences between cultivars in pea grain yield (t-test without Cheyenne because of loss from mice): small underlined letters for pure stands at p<0.05; small letters for M1 at p<0.05; capital letters for M2 at p<0.001; significant interactions for cultivar by mixture)

At a lower N supply the same winter pea genotypes yielded between 2.5 and 4.0 t ha-1 (DFH 2004 and 2005) (Figure 2). As a result of a prolonged period with high precipitation and losses from birds, yield at WH from all treatments could be assessed only in 2006. The regular leaf type winter peas yielded between 1.0 and 2.0 t ha-1, while grain yield of rye varied between 1.5 and 2.5 t ha-1. The examined winter pea genotypes in pure stands are not suitable because of their tendency to laying down (data not shown), although only in some cases did yields differ significantly from spring peas in pure stands (Figures 1 and 2). Spring peas in pure stands yielded between 2.0 and 3.4 t ha-1 (DFH and HEB), depending on the degree of weed infestation, whilst at WH around 1.5 t ha-1 was harvested in both years. In mixtures, yields of this genotype corresponded with the expected values. 
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Figure 3: Crude protein concentration of pea grain, mean of three years, two sites and three stand densities (pure, M1 and M2) (error bar = standard deviation) 

The yield of regular leaf type winter pea in mixture was comparable with that of spring pea in pure stands in the majority of experiments, with a supplement of the additional rye yield. Moreover, weed infestation in winter pea mixed stands was consistently at a very low level, while in pure spring peas, weed control was obligatory (data not shown). Cultivation of winter pea/rye mixtures should follow cereals in order to avoid excessive growth of rye that could otherwise suppress the growth of peas. 

Crude protein content of regular leaf-type winter peas tended to be slightly higher than for spring pea Santana, and was consistently higher than with the semi-leafless winter peas Cheyenne and Spirit (Figure 3). Amino acids concentration of regular leaf type is comparable with semi-leafless winter peas, but the concentrations of lysine, tryptophan and arginine were partly significantly (p<0.05) higher than with the semi-leafless types (data not shown). This may be of particular importance in pig and poultry nutrition, since the two amino acids lysine and tryptophan are limiting. 

Data from the year 2007 will be presented at the conference. 

Conclusions

In terms of grain harvest, the four provenances and the EU cultivar EFB 33 in mixture can be regarded as an alternative to spring peas, as they may be expected to reach comparable yields of the same quality. Besides, problems such as severe weed infestation observed in cultivation of spring peas do not appear to be a problem in winter pea cropping. 
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