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Abstract 

The study presents results of a series of trials investigating the effects of undersowing nitrogen fixing crops (legumes) into winter wheat on the performance of the subsequent crop winter triticale. Trials were carried out between 2003 and 2006 at two sites in southern Bavaria, Germany. All species tested - black medic, birdsfoot trefoil, red clover, white clover and a legume-grass mixture - proved to be suitable. Compared to the “not-undersown” control treatment the undersown N-fixing crops had no statistically significant effect on the yield, protein content and other grain quality characteristics of the winter wheat crop, except for one site where protein yield was significantly higher in one year. There was also no difference in disease incidence between “undersown” and “not-undersown” winter wheat. Depending on the seasonal rainfall pattern the establishment of N-fixing crops in wheat had either a negative or a positive effect on the yield of the subsequent crop of winter triticale. Reductions in yield only occurred in the 03/04 season, which had an extremely dry summer in 2003. In the seasons 04/05 and 05/06, which had a more favourable distribution of annual precipitation, the establish​ment of certain legume crops increased the yield and protein content of winter triticale; however the effect was not statistically significant for all years and sites. 

Introduction

For stockless organic arable farms the cultivation of legumes is the most important source of nitrogen. The study presented here investigated the effects of establishing an undersown N-fixing crop (small-grained forage legumes) in wheat on the yield and quality of grain of both the wheat and subsequent triticale crops. Legumes were undersown into an established winter wheat crop in spring, a procedure which is easy, cost-effective, and requires only a low labour input. 

The study aimed to answer the following questions:

a) Which of the selected species of legumes are particularly suited for undersowing in winter wheat in the different sites included in the study?

b) Do the undersown legume crops affect the development of diseases, yield, protein content and other grain quality parameters in winter wheat?

c) Does the use of undersown N-fixing crops in wheat affect disease incidence, yield and grain quality in winter triticale crops grown after wheat?

Materials and methods

Field trials were conducted in two sites in Southern Bavaria: Site S (Schönbrunn, region of Lower Bavaria) and site V (Viehhausen, region of Upper Bavaria). Site S is 385 m a.s.l., has an annual precipitation 730 mm, an average annual temperature of  7.8° C and a humus rich, sandy loam soil (brown earth). Site V is 480 m a.s.l. has an annual preci​pi​tation of 780 mm, an average annual temperature of 7.5° C, and a sandy loam soil (brown earth) with a lower humus content than site V. Both trial sites were on farms managed to organic farming standards since the mid 1990’s. The trial was established on small plots (1.5m x 8m) as a ‘Latin Square‘ design. The positions of winter wheat treatment plots in the subsequent triticale crop were identified by calibrating the corners of treatment plots from a fixed point in the field. The following species of legumes and seed-rates were tested: black medic (Medicago lupulina; 16 kg ha-1); birdsfoot trefoil (Lotus corniculatus; 18 kg ha-1), red clover (Trifolium pratense; 25 kg ha-1), white clover (Trifolium repens; 10 kg ha-1), legume-grass mixture (red clover, white clover, alfalfa (Medicago sativa), meadow fescue (Festuca pratensis), timothy (Phleum pratense), common oat-grass (Arrhenaterum elatius) – together 27 kg ha-1). Legume crops were undersown after the last harrowing of the wheat in spring using a plot-drill. Crop assessments, analyses and reports were carried out according to the guidelines of the German ‘Federal Office of Plant Variety testing and national listing’ (Bundessortenamt 2006). The content of raw proteins was analysed according to the Kjehdahl method.

The study presented here includes results from a series of trials (winter wheat 7 trials, winter triticale 5 trials; 3 seasons in site “S” and 4 in site “V”). Owing to a lack of balance for sites and years the results have been summarised into ‘environments‘. For the sta​tis​ti​​cal analysis of the individual experiments a mixed model with legume species as a fixed effect was used. Individual means were compared by the Least Significant Difference (LSD; Student-Newman-Keuls (SNK)) test. All analyses were carried out using the SAS statistical software.

Results

In the first year (2003) the development of N-fixing crops was affected by the extreme dry weather in summer (preci​pi​tation from July to September: 135 mm versus average annual preci​pi​tation of 267 mm). In 2003 white clover yield was only 0.1 t ha-1 dry matter (D.M.) while birdsfoot trefoil and black medic yielded 0.3 and 0.4 t ha-1 D.M. respectively. There was virtually no establishment of grass in plots undersown with the legume-grass mixture in 2003. In the two subsequent years (2004 and 2005) all catch crops established and developed satisfactorily in both sites. 

In all 3 years, undersowing had no statistically significant effect on the yield of winter wheat when compared to control plots which were not undersown with legumes (individual results not shown). In most trials there was also no significant effect on disease incidence in wheat, grain protein content and other grain quality parameters (test weight, thousand kernel weight). However, in 2005 undersown winter wheat showed an increase in raw protein. This increase was significant for crops undersown with white clover, black medic or the legume-grass mixture, with black medic showing the highest content (10.8 % of raw protein D.M.), which was 1.1% more than in the non-undersown control. 

In the 2003/2004 season all undersown legume crops caused highly signi​ficant (p< 0.01, SNK) lower yields of the sub​sequent winter triticale crop (fig 1). This is thought to have been due to additional water con​sump​tion of the legume crops having a nega​tive effect on the pre-winter develop​ment of winter triticale. The grain protein content was, however, not affected.

Figure 1 Crop yields of winter triticale in the 5 environments following winter wheat undersown with  different species of legumes.

Winter triticale, yield in t ha-1, results from 5 trials
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In all other environments undersown legume crops caused either the same or in individual cases significantly higher yields (fig 1). In three environments (V 2005, 2006; S 2006) white and red clover performed significantly (p< 0.05, SNK) better than all other treatments. Yields of winter triticale were higher after white clover, red clover or black medic than those of triticale grown after birdsfoot trefoil or the legume-grass mixture. The highest yields were obtained with white clover, as the N-fixing crop which increased yields by 0.77 t ha-1 (S 2006). Compared to plots without undersown legumes, the mean crop yield of triticale (mean of all environments, not shown) increased by 7% with white clover, 5% with red clover and 4% with black medic, but decreased by 1% with birdsfoot trefoil. The legume-grass mixture did not affect crop yield.

Discussion

Prior to the introduction of herbicides as the standard method of weed control undersowing of cereals with forage legumes was investigated as a method of weed control in Germany (Becker-Dillingen 1929, Klapp 1958). These studies were rediscovered and re-initiated in the late 1980’s, especially in R&D focused on organic cereal production (Vandermeer 1989, Haas & Köpke 2000). Most published studies report positive effects of undersowing legumes on the yield of the subsequent crops such as wheat (Loes et al. 2006, Böhm 2007). This could be confirmed by the study presented here for triticale, a crop for which there was no published information with regard to green manure effects. The study also demonstrated that undersowing of winter wheat may increase baking quality in winter wheat, which addresses one of the main technological challenges in organic wheat production. Restrictions could be found for years with dry summers. Under those conditions undersown forage legumes do not perform well, nevertheless yields of subsequent crops are reduced. Further trials regarding the effects of undersowing legumes into winter rye with a subsequent spring oat crop are currently being conducted. The effect of undersowing on the yield of the subsequent spring oat crop is expected to be greater than the effects observed for winter triticale, due to the longer (up to 4 weeks) growing period of the undersown legume crop. If the crop rotation does already include a large proportion of legumes, undersowing may increase the risk of legume specific diseases (Klapp 1958).

Conclusions

The use of undersowing with small-grain legumes in organic cereal production systems is a safe approach in sites/seasons with sufficient water availability (annual precipitation 700 – 800 mm, average annual temperature 7.5 – 8° C, brown earth). The study identified a range of well-suited legume species for undersowing that do not negatively influence the winter wheat crops they are undersown into. We recommend red clover, white clover and black medic. A legume-grass mixture and birdsfoot trefoil are not advisable. The fact that undersowing resulted occasionally in positive effects on the quality (especially protein yield) in wheat further underpins the recommendation to use undersowing in organic cereal production. The finding that in extremely dry years yield reductions can occur in subsequent triticale crops, means that undersowing should only be recommended for sites with a good water supply.
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