Intercropping of cereals and grain legumes for increased production, weed control, improved product quality and prevention of N –losses in European organic farming systems
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Abstract – Intercropping of cereals and grain legumes is a technology to enhance biodiversity in organic agro-ecosystems, enhance and stabilize yields and make better use of plant growth resources. Here we report the preliminary results of the EU FP 5 research project “Intercrop” carried out in five European regions. The project demonstrates several significant benefits which could be exploited to a greater degree in European organic farming .

Introduction

“Fossilization” (mechanization, synthetic fertilizers, pesticides) of agriculture in the years following the 2nd World War resulted in large yield increases, but at the expense of ecosystem services. Approaching a new era with less fossil energy available, requires the re-vitalization of important agro-ecosystem services to develop sustainable agro-ecosystems.
   Biodiversity, one such service, is known to enhance the stability of ecosystems. Planned diversity in time through crop rotation is a key element in any organic cropping system. However, crop rotations consist mainly of sole crops (monocrops, pure stands), and diverse pastures being an exception. Prior to “fossilization”, cultivation of crop mixtures (intercrops) was common, however most crops are today grown as sole crops, even in organic farming, although crop diversity is known to be a strong management tool in sustainable systems (Altieri 1999). 
    Intercropping, the simultaneous growth of more than one species in the same field (Willey, 1979) is the practical application of basic ecological principles such as diversity, competition and facilitation. Intercropping has been reported to enhance yield and yield stability (Willey 1979), increase resource use efficiency, especially of nitrogen (Jensen 1996), reduce weed infestation (Hauggaard-Nielsen et al. 2001) and the occurrence of plant diseases and pests (Jensen et al., 2005). Intercropping may also influence subsequent nutrient losses e.g. by reducing the nitrate leaching potential after grain legumes (Hauggaard-Nielsen et al., 2003). The aim of this three-year project was to determine in five European organic farming systems the potential of intercropping barley [Hordeum vulgare] with pea [Pisum sativum] and wheat [Triticum aestivum] with faba bean [Vicia faba] on yield performance and stability, nitrogen (N) use and losses, weed control, and grain quality. A survey was made among organic farmers regarding knowledge about intercropping and a mathematical simulation model (STICS, Brisson et al., 1998) was developed further to simulate intercropping. Here we reports some of the preliminary results of the joint experiments
Materials and methods
The experiments were conducted in five European sites: Denmark (DK-Taastrup); United Kingdom (UK-Reading); France (FR-Thorigné d’Anjou); Germany (GE-Kassel) and Italy (IT-San Marco Argentano). A joint field experiment with field pea (cv. Baccara) and spring barley (cv. Scarlett) had the sole crops (SC) of pea and barley and an additive (100%pea + 50%barley; P100B50) and a replacement design (50%pea + 50%barley; P50B50) according to the recommended SC plant densities for the respective crops. Similarly, intercrops and Sc of wheat and faba bean were established at the sites. The same experimental layouts, field and laboratory methodologies, as well as the same cultivars were used by all partners according to a protocol. Dry matter production and nitrogen acquisition, protein concentrations in grain, effects on weeds and diseases and on N leaching was determined in the experiments. Crops were established in organic rotations as “the second cereal” after grass-clover. 
Results
In the interviews with organic farmers (n=63) within five countries, farmers quoted yield stability, weed suppression and fodder qualities as the three most important reasons for intercropping. Problems in mechanical weeding and unequal maturation of the IC components were quoted as the major problems.
    The combined grain yields of spring-sown pea- barley intercrops were greater than both SCs or yields were similarly to the higher yielding sole crop. The two ICs yielded similarly and only with a slightly higher barley proportion in the P50B50 intercrop (Monti et al., 2006). At two sites the yield stability (expressed as %CV on average grain yields over 3 yrs) was highest in the ICs and at two sites the IC yield stability was larger than of pea, but greater than barley SC.  
    The Land Equivalent Ratio (LER) based on grain DM yields showed that the yield advantage, due to intercropping varied between 4 and 43% with and average of 21% (LER=1.21) for the five sites in the 3 years. The relative advantage of intercropping varied between sites with the greatest LERs found in UK (Monti et al., 2006). 
    Intercrops used the nitrogen sources (soil N and N2 fixation) 20-30% more efficiently than sole crops. However, the largest amounts of N fixed occurred in the pea sole crop (Hauggaard-Nielsen et al., 2006). The proportion of fixed N in pea was greater in intercropped pea than sole cropped pea, due to the competition for soil N from barley. The total grain yield of protein was similar in the pea SC and the P100B50 IC. These crops yielded twice the amount of protein in the barley SC (Hauggaard-Nielsen et al., 2006). The STICS model was used to simulate N leaching from SC and intercrops at the five sites. 
    Analysis of weed growth showed that intercropping pea with barley significantly reduced the weed growth and nitrogen accumulation with factors 2 to 4 compared to SC pea in all European sites. The lowest weed development was observed in the barley SCs (Dibet et al., 2006).
   Monitoring of plant diseases showed that diseases e.g. powdery mildew, rust and net blotch in barley was significantly reduced if diseases occurred at the sites.
   Analysis of grain quality showed that the intercropped cereals (barley and wheat) N and S concentrations were significantly increased compared to sole cropped cereals. The increase in wheat quality improved the baking quality of the grain (Kasyanova et al., 2006).      

    Model simulations with the new STICS intercrop simulation module demonstrated that intercropping increased the yield stability of the intercrop compared to sole crop. The module can be used to simulate climatic and management effect of intercropping (Launay et al., 2006). 
 Discussion
The project has demonstrated the potential of intercropping in European organic farming. The competition, facilitation and complementarity between species resulted in enhanced productivity and yield stability, increased resource use, better grain quality and improved plant health. Organic farmers can develop further the intercropping technologies, which are essentially based on ecological principles and know-how. This could be a new paradigm, not only to rely only on sole crops, which are essentially based on the “fossilization” of agriculture. 

The stability of IC yields relatively to especially the grain legume sole crop yields shows that intercropping  is  an promising technology for the enhanced local organic feed protein production on organic farms within the EU.  Hereby the European imports of protein can be reduced and the integrity of organic farming enhanced.   

The associated biodiversity generated by the planned biodiversity (intercropping) was not analyzed in this project. Neither were the effects of intercropping on rotational diseases investigated. Further research should investigate these effects.
Conclusions

Intercropping of cereals and grain legumes in organic farming across Europe increases the resource use, grain yield and stability and plant health. Intercropping proved especially valuable for production of protein on land with weed problems and for enhancing the grain protein concentration in cereals to levels, which was only likely to be obtained with high levels of animal manure.  
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