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How to operationalize the sustainability issue in plant production research? 

Erik S Jensen, DK

Wheat yield and quality in low-input farming systems as related to soil properties

Paul Mäder, CH

Consumers have become more aware of healthy and safe food produced with low environmental impact. We studied the quality of wheat (Triticum aestivum L., winter form) grown in a 21-year agro-system comparison between organic (low-input) and conventional farming in Central Europe, known as the DOK experiment.

The 71% lower addition by plant available nitrogen to the organic field plots led to 14% lower wheat yields. However, the nutritional value, i.e. mineral and trace element content, protein content and baking quality, were hardly affected by the farming systems. Despite exclusion of fungicides from the organic production systems, the quantities of mycotoxins detected in wheat grains did not differ. Food preference tests, as an integrative method, indicated a tendency for rats to prefer organically produced wheat over conventionally produced wheat.

A better soil structure in organic plots, and a biologically more active soil accompanied with a higher occurrence of mycorrhizas may have compensated for a lower nutrient input and lower soil nutrients under organic conditions.

It is suggested that breeding and selection of wheat varieties should be performed under organic farming conditions, since soil properties are distinctly different in low-input systems.

High Density Cropping Systems to Suppress Weeds and Increase Sustainability 

Jacob Weiner, DK

Application of current theories of plant competition to crop-weed competition suggest that major increases in weed suppression by cereals can be achieved though a combination of increased crop density and increased spatial uniformity. This hypothesis has received strong experimental support.  The implications of cereal variety and variety mixtures for weed suppression at high density have not yet been investigated.  The approach can be extended to what I call "High Density Cropping Systems", which offer many advantages for increased sustainability, including decreased erosion, and increased soil organic matter input and biodiversity.

Ecological principles in plant protection

Maria Finckh, D

Within agricultural systems, the ecological benefits of diversification include (1) reductions in diseases, insects, and weeds, (2) greater yield stability, and (3) improved soil fertility and structure and erosion control. In addition, within diversified systems, coevolutionary processes are encouraged, which allow for the development of new combinations of characteristics and specific adaptations to the diversified systems themselves. This results in the conservation and development of genetic resources almost as a side-effect of diversification.

Disease reductions and yield stability are the most important reasons that growers grow cultivar and species mixtures. But also effects on soilborne diseases, weeds, and insects, soil fertility, lodging, and better overwintering survival of plants are commonly reported. 

While biodiversity is considered ecologically beneficial in itself, growers have limits to the tolerable diversity that is practical and there is a need to identify and select for functional diversity. The best strategy for obtaining good functional diversity may be to produce genetically heterogeneous cultivars. However, this has to be done with great care. For example, diversity to buffer against stresses will be useful, whereas diversity for quality traits within a field or variety is not desirable in agriculture. Concerns also exist, often unfounded, that product quality such as brewing and baking quality may be affected adversely by mixing. However, when breeders, growers, and processors work together, such obstacles can be overcome.

Rye – a model crop for alternative types of varieties in low-input production

T. Miedaner, State Plant Breeding Institute, University of Hohenheim, Fruwirthstr. 21, 
D-70593 Stuttgart, E-mail: miedaner@uni-hohenheim.de
Winter rye (Secale cereale L.) is a major crop in Germany, Poland, Belorussia, and Russia. Rye has a higher competitiveness than wheat under low-input agriculture, because of its high nitrogen efficiency, high weed suppressiveness, superior tolerance to drought and freezing, lower susceptibility to most diseases, and excellent baking quality at low protein contents. As a cross-pollinated crop, its performance is mainly attributable to its amount of heterozygosity. Three types of varieties are used, populations, synthetics, and hybrids, that comprise in Germany 49%, 8%, and 43% of the multiplication area, respectively. Population varieties have a maximum level of diversity, but can be improved only slowly by recurrent selection of half- or full-sib families. Male-fertile hybrids are composed of four inbred lines after two recombinations (resembling a double cross) and have, therefore, also a high diversity within the variety. They are superior over populations and synthetics due to their maximum amount of heterosis, the larger genetic variance between entries enhancing selection progress, the use of compensation effects, and the targeted combination of lines with specific, e.g. low-input, traits. Diversity in out-breeding crops is caused not only by complexity of genotypes, like in variety mixtures, but additionally by high heterozygosity and regular recombination. Compared to line varieties, diversity within varieties costs yield and depresses selection progress under optimal conditions. The chances are, however, to stabilise yield in low-input production, facilitate disease management, and allow a targeted site-specific selection of farm varieties by participatory breeding or on-farm conservation of genetic resources. These advantages of diversity within varieties could be used in self-pollinating crops like wheat and barley by the development of variety mixtures, composite cross populations, or dynamic gene pools. Such alternative types of varieties might on the short run allow higher progress in organic farming like the development of specifically adapted varieties, because they make use from selection progress of conventional breeders.
The legal side of variety mixtures 

Uta Schnock, D

Summary

The regulations of the German Seed Act and all other EU member states follow the rules of Council Directive 2002/53/EC of 13 June 2002 on the common catalogue of varieties of agricultural plant species and of Council Directive 2002/55/EC of 13 June 2002 on the marketing of vegetable seed.

Both directives are for the benefit of seed consumers and are to ensure that agriculture and horticulture are supplied with high quality seed of well performing varieties. The basic principle of the seed act is that seed may be only commercialized as certified seed. In order to be certified seed must belong to a registered variety.

Basis for the application the examination and later registration is the variety. Varietal mixtures cannot be registered under the Seed Act.

The rules for certification are also made for pure varieties. According to EU legislation and national legislation a seed multiplication has to be based on one variety. Certification of varietal mixtures is not possible.

The same is valid for variety protection. Protection for a varietal mixture is not possible.

Mixtures for the utilization in agriculture

According to the present legislation the marketing of mixtures of various genera, species or varieties is possible under certain conditions. Mixtures may be produced in all agricultural species (with the exception of beet and vegetables) under the condition that the seed within the mixture belongs to registered varieties and has been individually certified before mixing.

Mixtures for the utilization outside agriculture

In case a mixture is intended for the utilization outside agriculture (that is not for grain production, fodder purpose or green manure) it may contain seed of species which are not part of the Seed Act. 

Outlook

The European seed legislation has been altered in 1998 (Council Directive 98/95/EC) and the legal basis for a possible alteration of the seed act has been installed to take account of developments in the following areas:

4.2.1 Specific conditions may be established under which seed may be marketed in relation to the conservation in situ and the sustainable use of plant genetic resources, including seed mixtures of species which also include species listed in the seed act, and are associated with specific natural and semi-natural habitats and are threatened by genetic erosion .

4.2.2 Specific conditions may be established under which seed suitable for organic production may be marketed.

The possibility for the installation of regulations concerning the above-mentioned developments has been installed in the seed acts of the European Member States. 

Only after the conditions have been defined on European level the regulations will be put into force in the different Member States.

Advantages and problems of using variety mixtures of barley for malting purposes

J. Stuart Swanston, UK

Although barley variety mixtures were used successfully for malting and brewing in the former German Democratic Republic, during the 1980s, they have not been accepted, subsequently, in western Europe. Problems with verification of mixture composition and heterogeneous malting performance have been cited as the main reasons for this. Developments in molecular techniques for varietal identification have overcome the first problem, although it is not yet possible to design tests for intake samples at a maltings. Work at field plot and laboratory scale also suggests that the second objection may be unfounded. Any grain sample will contain some variability and stipulating a narrow range of grain nitrogen contents will not eliminate effects of environment, or genotype x environment interaction. What the maltster describes as homogeneity is, in reality, a level of heterogeneity that is not problematic and this is achievable with carefully-chosen mixtures. The real problem, however, is that maltsters will not see a need for change, unless there is a good reason and the readily demonstrable advantages of mixtures, such as yield stability and disease reduction, benefit growers rather than end-users. Uptake of mixtures depends on improvements in quality being demonstrated, so future research should consider topics such as stability across environments and interactions between mixture components during both growing and processing.  

