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Abstract 
Twenty winter wheat varieties used as parents in a half diallel crossing programme for the production of wheat populations were grown in field trials at two organic and two non-organic sites over three years in England. Yields of the varieties between the two non-organic sites were highly correlated, but less so between the two organic sites and between the non-organic and organic sites. At the non-organic sites, most of the variation in yield (60%) was due to varietal differences, whereas, at the organic sites, it was due largely to the effects of environment (79%), and genotypic variation only accounted for 9%. More detailed analysis, using AMMI (Additive Main effects and Multiplicative Interaction), allowed stricter comparisons among individual varieties. With the exception of the variety Deben, different varieties performed well in terms of yield and stability in the two systems. In particular, Tanker performed well in the non-organic trials, but was below average under organic conditions, whereas Renan gave the reverse response. The results indicate the importance of specific trials for non-organic and organic variety performance evaluation.

Introduction 

The rapidly increasing impact of global climate change will amplify variability in crop performance unpredictably in all types of farming. Options for dealing with such changes will be limited by the increasing costs of oil-based inputs; both fuel and chemicals. 

For these reasons, we started a programme of population breeding in wheat based on Suneson's (1956) 'evolutionary breeding' in barley (Phillips & Wolfe, 2005). The principle is to inter-cross, in all combinations, a number of varieties with different useful characteristics so as to generate a complex segregating population. The population is then exposed to natural selection at field sites to allow adaptation. The objective is to generate a reservoir of genetic variation that can buffer the  population against a wide range of environmental variation, more than would be possible in pedigree line varieties, or, indeed, physical mixtures based on single genotypes. 

The programme is based on twenty parent varieties that have expressed high yield and/or quality potential over many years and large areas, or that have contributed significantly to the pedigrees of such varieties. Field trials from 2004 to 2007 generated data on the performance of the varieties, their mixtures and their populations. Here, we summarise some key points concerning the performance of the parents; this will be considered in relation to the mixtures and populations in a second paper (Wolfe et al., this conference). 

Materials and methods 

The twenty winter wheat varieties were considered in three groups, Yield, Quality and Yield/Quality, corresponding to the three populations, Y, Q and YQ. The Yield group comprised nine varieties, Bezostaya, Buchan, Claire, Deben, HTL (High Tiller Line), Norman, Option, Tanker and Wembley. Unfortunately, Norman had to be eliminated from the field trials because of poor seed stocks. The Quality group comprised twelve varieties, Bezostaya, Cadenza, Hereward, Maris Widgeon, Mercia, Monopol, Pastiche, Renan, Renesansa, Soissons, Spark and Thatcher. The Yield/Quality group comprised all twenty varieties with the exception, again, of Norman. 

The nineteen winter wheat varieties were planted in randomised block field trials in the autumn of 2004, 2005 and 2006, together with the populations and mixtures, at four sites in England. The sites comprised two organic (Sheepdrove Organic Farm, Berkshire and Wakelyns Agroforestry, Suffolk) and two non-organic (Metfield Hall, close to Wakelyns Agroforestry, and Morley Agricultural Research Station, Norfolk) sites, both using high levels of synthetic inputs. Assessments were made on a range of characters from crop emergence through to yield and characteristics of harvested grain. Here, we report only on yield behaviour. Initial data analysis used univariate statistics to observe some of the patterns. Later analysis made use of the AMMI approach (Ebdon and Gauch, 2002) with biplots.

Results 
In all trials, all varieties had higher grain yields under non-organic (9.41 t/ha) than organic conditions (5.31 t/ha, P < 0.001). However, a major difference between these overall values lay in the distribution of the sums of squares in ANOVA among genotype (G), environment (E: years and locations within farming systems) and G x E interaction (Table 1).
Table 1. Distribution of ANOVA sums of squares (percentage) among items G, E and G x E for the same 20 winter wheat varieties in organic and non-organic field trials.
	System
	G
	E
	G x E 

	Non-organic
	60.4
	26.2
	13.4

	Organic
	9.4
	79.3
	11.3


This means that the non-organic approach of using synthetic materials to control the environment was relatively successful so that much of the variation observed was due to differences among the varieties, with relatively little due to environment or the interaction G x E. Conversely, under organic conditions, a large proportion of the variation observed was due to the impact of the environment with relatively little due to differences among varieties. Further, the G x E interaction, though small in absolute terms, was large relative to the G term, much more so than under non-organic conditions. These differences were responsible for the contrast in correlations among varieties in yield (or yield rank) at the two non-organic sites (r = 0.94) compared with the two organic sites (r = 0.61). Correlations values between non-organic and organic sites were highly variable ranging from r = 0.36 (significantly different at P<0.05) to r = 0.75.
AMMI allowed further exploration of these interactions in terms of relative values and stability of yield for individual varieties. In summary, the analyses showed that the same five varieties were consistently high yielding in all non-organic environments (Table 2), although the higher IPCA-1 scores for Option, Tanker and Claire, i.e. larger departures from the mean of 0.0, indicates less stability for these varieties than for Deben and Mercia. Under organic conditions, there was much greater variation in variety ranking across environments, with a different range of highest yielding varieties. Furthermore, the highest yielding varieties, Deben, Claire and Soissons, were less stable than Wembley and Renan.

Table 2. Mean yields (t/ha @ 15 % moisture content) and IPCA-1 score for the highest yielding of 20 varieties under non-organic and organic conditions.
	Non-Organic
	Organic

	Variety
	Mean yield
	IPCA-1 score
	Variety
	Mean yield
	IPCA-1 score

	Deben
	11.25
	0.0937
	Deben
	6.41
	0.823

	Mercia
	11.18
	-0.115
	Claire
	5.95
	0.5067

	Option
	10.87
	0.2119
	Soissons
	5.86
	-0.4552

	Tanker
	10.78
	0.3142
	Wembley
	5.78
	-0.0232

	Claire
	10.42
	-0.2832
	Renan
	5.72
	-0.0951


The most extreme differentiation in performance between non-organic and organic conditions was expressed by the two varieties, Renan and Tanker (Table 3).
Table 3. Reversed performance of Renan and Tanker under Non-organic and Organic conditions.
	 
	Non-Organic
	Organic

	Variety
	Mean yield
	IPCA-1 
	Average yield rank
	Mean yield
	IPCA-1 
	Average yield rank

	Renan
	8.92
	-0.2159
	11
	5.72
	-0.0951
	5

	Tanker
	10.78
	0.3142
	3
	5.09
	0.2215
	16


Discussion 
The objective of the reported trials was to provide a control background for the development of populations and physical mixtures derived from the variety set. However, the data generated provided a useful, comprehensive example of the performance of a disparate range of winter wheat varieties under non-organic and organic conditions. There were positive correlations between the performances of wheat varieties in both systems, but there were also important differences. The variation in performance is likely to predominantly be management system, but the environment, including soil conditions may also be contributing factors. The group of higher yielding varieties showed little overlap between systems although Deben was the highest across all environments. Even this exceptional variety was less stable under organic than non-organic conditions. Interestingly, the second best variety under non-organic conditions was an older variety, Mercia, which combines high yield with high quality (it declined in popularity during the mid-1990s and breeders rights were removed in 2002). A number of the varieties that gave stable yields under both farming systems were also low yielding. Several varieties showed some change of ranking in comparisons between different non-organic and organic trials. However, the most extreme and consistent was between Tanker, which performed well under non-organic but not under organic conditions, and Renan, which gave the opposite response. Further analysis of the data in terms of the measured growth characteristics may help to indicate the nature of these reversals. DNA marker analyses will also help to determine whether these varieties contribute differentially to the populations that include them as parents. Simple correlations of varietal performance across environments are clearly inadequate; analyses are needed that recognise stability and performance of the individuals involved. Using the AMMI analysis, the next stage will be to use the data collected on other aspects of variety performance. There are clear differences among varieties and systems in, for example, plant height and ground cover as well as in quality characteristics. Integrating these with the yield data will help to determine a more comprehensive view of how different varieties respond to different environments, and how these characteristics may contribute to the mixtures and populations based upon them. It should also be possible to analyse the impact of some features of the environment such as rainfall, temperature and sunshine hours. We expect to find that there are many different gene complexes and interactions involved and that single genes rarely have an identifiable, large and stable effect. 

Conclusions 
Positive correlations for yield performance between varieties grown under organic and non-organic conditions are often used to suggest that non-organic trials can indicate performance under organic conditions, eliminating the need for specialised trials. Such positive correlations were evident in the trials described above, but more detailed analysis at the level of the individual variety indicates that there may be numerous differences among varieties exposed to the two types of farming system, as well as the effect of the soil type and climate, in terms of both absolute yield and the ability to achieve that yield (stability). For this reason, we recommend separate trials for non-organic and organic production. However, we also recognise that generalisation can be dangerous in the sense that the observations summarised above were the result of the interaction of a particular set of winter wheat varieties grown in a particular set of circumstances, which is not repeatable. Indeed, it is also important to recognise that, with rising oil prices and increasing environmental variation, growing circumstances are likely to change rapidly, increasing the need to monitor performance of relevant germplasm in a changing world.
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