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Breeding composite cross populations of wheat

I Goldringer, M Wolfe, et al
Modern winter wheat varieties have been bred so successfully for high input systems that they have lost a number of features (such as efficient nutrient scavenging, weed competition; height) that are important for low input or organic production. The fastest way to regain these characteristics may be to adopt the evolutionary plant breeding approach proposed by Suneson (1956). This involves the generation of composite cross populations based on inter-crosses of known varieties that have been successful across many environments or of breeding lines with specific favourable features. The populations are then exposed to largely natural selection in the environments required. The selected populations may then form a genetic resource for conventional wheat breeding, or alternatively, they may be used directly for crop production. In this way the populations retain the ability to respond to local conditions and to some degree of global climate change. Here, we present the results of two ongoing programmes of wheat populations experiments. In the first, three different composite cross populations have been maintained at INRA under Dynamic Management (DM) for up to 20 years in some cases. A nuclear recessive male sterile gene was used to force outcrossing in one of the populations. The three initial populations were subdivided and cultivated in a large range of environments (around 10 locations) and agricultural conditions (including low-input) in France. In the second, Elm Farm Research Centre together with the John Innes Centre, developed 6 populations based on all possible inter-cross combinations of 10 high yield parents, 12 high quality parents, or inter-crosses involving all 22 parents. Each of these bulk populations was subdivided further into populations that did, or did not, contain a similar range of male sterile crosses developed from naturally occurring male sterile parents. The first field exposure of the populations was in 2003-4 in the F3 generation. This took place at four sites in different parts of England, two organic, one conventional and one based on integrated farm management.

In the DM programme, populations were shown to rapidly differentiate according to their environmental conditions. In particular, strong genetic differentiation between populations from the North and South was found for earliness and its components (vernalization requirements and earliness per se). Different kinds of response to pathogen pressures were observed depending on the pathogen evolutionary features: accumulation of different powdery mildew resistance genes within the same genotypes (Paillard et al, 2000), and an increase in frequency of one leaf rust/yellow rust resistance gene (Lr37/Yr17) in many populations. This may be related to the diversity and speed of evolution of the pathogens. Finally, plant height increase was detected as a major uniform change in all the populations. This might be a trait of interest in organic farming, especially when associated with animal production. Low levels of outcrossing (2-10%) were always detected in the self-fertilizing populations (Enjalbert & David, 2000), which allowed for regular recombination and the forming of new favourable allelic combinations possibly providing a better adaptation to the environments, and a more efficient removal of unfavourable linked alleles.

From the first season, assessments from the UK composite cross populations were almost always within the relevant ranges observed from the parents. However, there was a slight tendency for the composite cross populations to yield more than the parents and their mixtures, which was encouraging for the first cycle of field selection. Like their parents, the ‘yield’ populations had relatively high harvest index (HI) and “harvest ratio” (HR= grain yield/cumulative straw length) ratios, developed from high grain yields and shorter straw relative to the ‘quality’ populations. Conversely, the ‘quality’ populations had lower HI and HR ratios, as expected, developed from their relatively long straw. They also had higher protein levels than the ‘yield’ composite cross populations. A principal feature of the populations exposed to organic conditions was the poor establishment and overall lower numbers of plants/m2, relative to the ‘conventional’ populations. This suggests strong selection for plants suited to the organic system and that a significant amount of genetic variation may have been lost even in this first cycle. As expected, establishment was considerably improved in the second season of exposure, 2005, although the data have not yet been analysed. In contrast, the populations exposed to conventional conditions had good establishment and high plant populations throughout, indicating that these may provide better reservoirs of genetic variation between seasons. 

The sharp difference in plant establishment in the populations between organic and conventional sites, particularly in 2004, and the assumed larger loss in genetic variation under organic conditions, has confirmed a two-way direction for the subsequent development of the populations. This means that, on the one hand, some population samples selected under these very different conditions will be maintained under these conditions, organic only or conventional only from year to year. Other samples, however, will be exchanged each year between organic and conventional sites. This may have the advantage of retaining more genetic variation, particularly for organic conditions, although adaptation to organic or conventional conditions may be slower. On a larger selection scale, samples from some of the UK populations selected under conventional conditions in 2004 are now (2005) growing in France, Germany and Hungary.
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Composition of variety mixtures in barley and wheat 

Hanne Østergård et al
Risø National Laboratory, Biosystems Department, P.O. Box 49, 4000-Roskilde, Denmark

Breeding within the last 50 years has focused on developing genetic uniform crops/varieties for farmers to be able to produce homogeneous products to be sold. Therefore, especially for selfing crops like wheat and barley where nearly all plants in a field are genetical identical, specific tools have to be applied to ensure genetic diversity. Among these tools is the use of variety mixtures. Principles for composing variety mixtures are to a large extent based on disease resistance characteristics and this is insufficient to predict the performance of the mixtures. Biological principles for interactions between varieties will be of relevance not only to organic farming but also to conventional agriculture where variety mixtures have been used for many years to a varying degree. To improve the performance of mixtures especially under organic conditions we need more information on the ability of different varieties to complement and compensate for each other under a range of different conditions (specific and general mixing ability).

In variety mixture experiments, characteristics of single varieties as well as of different mixtures of them are compared. The number of varieties included in each experiment will always be very limited (often up to five) due to experimental constrains. This means that it is very difficult to make generalisations about the effects observed. It has, nevertheless, been deduced from many field trials that for most mixtures of specific crops (e.g. wheat and barley) with varieties having different specific resistance genes against a specific disease (e.g. powdery mildew) yield is increased compared to average of varieties in pure stand mainly due to reduced severity of the respective disease. However, many other factors than diseases are influencing the outcome of the interaction between varieties in a mixture: different load of weeds, different availability of nutrients, different weather conditions and finally also the different abilities of the other varieties in the mixture to use nutrients, to compete with weeds and to tolerate other stress factors.  As a consequence, it is very difficult to draw conclusions from controlled experiments about what kind of varieties would be good candidates for combining into successful mixtures with certain characteristics. 

Based on data from several meeting participants, the following questions will be discussed:

· Does the effect on yield and yield stability of growing mixtures differ between environments e.g. between organic and conventional growing systems?

· Are variety mixtures evolving over years better crops than mixtures composed each year?

· Do we have some clues as to what kind of varieties have good specific or general mixing ability?

In the future, data from many published and unpublished trials will be collected among SUSVAR participants to form the basis for different meta-analyses considering these questions. 
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Assessment of disease in low-input cereal cropping systems and variety trials

Mogens S. Hovmøller1, Hans Pinnschmidt1, Jakob Willas2 and Hanne Østergård3
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Disease assessment is the basis for describing disease resistance characteristics of commercial varieties in national variety lists for all crops where disease is considered a problem. It is well known that ‘disease’ in a specific situation depends on a whole range of interacting hosts, pathogens and environmental conditions. However, the biological complexity conflicts with the wish to express disease resistance characteristics of a variety as a single score per disease. This problem will be illustrated by basic dynamics of growth and senescence of both host and pathogen over time. Disease expressed in terms of absolute diseased leaf area, disease relative to total leaf area or green leaf area will be discussed in general. Two particular problems in low-input systems will be discussed, i.e. increased variability in nutritional status in field plots, which may influence the balance between abiotic and biotic stresses (diseases) and interact with disease on individual varieties, as well as the influence of weeds and diverse crops (variety mixtures and composite cross populations). The presence of disease in organic and low-input cropping systems may be underestimated because abiotic stresses, which enhance a general senescence of leaves, may obscure disease assessment, in particular disease on leaves. Weeds may interact by harbouring disease showing similar symptoms as on the target crop, or by ‘diluting’ disease by additional healthy green leaf area of the ‘crop’ like in a variety mixture. Other general topics such as differences between host/pathogen systems, timing of assessment, assessment scale, and interpretation and analysis of data are also discussed. 

Assessment criteria for nutrient uptake in pure stands and mixture

Niels Erik Nielsen

The Royal Veterinary and Agricultural University,  Frederiksberg C, Denmark

· The soil-plant system has 9 rate limiting steps that differ during time, between genotype and between nutrient element.

· Manure application increased yields in the present study. The present study (part of the Danish DARCOF II BAR-OF project) was conducted under the conditions of moderate nutrient stress and in all probability nitrogen stress. 

· Under this condition of N stress nutrient uptakes, biomass production and grain yields did vary. Genotype and soil fertility treatments affected nutrient uptakes, biomass and grain significantly. 

· These findings open new possibilities for selection or plant breeding for genotypes with improved capability of nutrient acquisition from soils at different fertility e.g. in organic farming

· Mixtures of barley varieties increases nutrient uptakes (N, P, S, K, Mg, Ca, Mn, Zn, Cu and Mo), biomass and grain yields 

· Cropping in mixture (more biodiversity) stimulates nutrient uptakes and biomass production, particularly at low soil fertility

Assessing cereals for their competitiveness against weeds

Steve Hoad1, Ken Davies1, Kairsty Topp1 and Daniel Neuhoff2

1Scottish Agricultural College, Scotland, UK

2Institute for Organic Agriculture, University of Bonn, Germany 

This paper considers how cereal varieties can be assessed for the ability of their leaf canopy to suppress weeds. The emphasis is on evaluating varieties for organic and low input cereals, though findings are applicable to other systems. Guidelines for assessing varieties are presented from the EU funded project on ‘Strategies for Weed Control in Organic Farming (WECOF)’ which examined plant and crop characteristics for shading ability in winter wheat. 

Weed suppression cannot be attributed to a single plant characteristic either within or between varieties. Instead the interaction between a series of desirable characteristics has been shown to be important, with varieties compensating for weaknesses in certain characteristics with strengths in others. Key plant characteristics are growth habit, tillering ability and height. Speed of plant development, especially, early in the season, is also likely to be important. These plant characteristics contribute in varying degrees to a genotype’s competitive ability. The most important crop characteristic is its ground cover. This is a two-dimensional measure of crop ground coverage when viewed from directly above, and is expressed as percentage cover. Leaf canopy size and light interception are also indicators of shading ability, though they may be difficult to assess in variety trials.

A planophile growth habit provides most potential for developing high crop ground cover. However, other plant factors such as tillering ability and tiller retention can be equally important. Differences in crop establishment and plant population density across genotypes often mean that direct effects of plant habit on weed suppression are difficult to measure. When assessing plant habit for weed suppression the following should be taken in consideration. (1) A continuous planophile habit may have a clear advantage for weed suppression over an erectophile type at a given plant or shoot population density. (2) An early season erectophile to late season planophile habit is a good model when crop establishment is high and sown in narrow rows, but is risky when crop establishment is poor or early weed growth high. (3) An early planophile to late erectophile habit can compensate more for lower crop establishment than the early erectophiles. This is of most benefit where early weed growth dominates. (4) A continuous erectophile habit is only beneficial when compensated for by increased height or high tiller production. This habit may be a poor strategy when weed establishment is moderate to high. 

