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Abstract 
Yield and protein content of wheat produced under organic standards was repeatedly shown to be between 20 and 40% lower than levels achieved in conventional farming systems. This is thought to be at least partially due to insufficient N-supply to the crop later in the growing season and poor adaptation of the currently used wheat varieties to organic production conditions. To address these problems, a factorial field trial was established to study the effect of Rhizobium inoculation of clover seeds and application of compost amendments to clover swards grown prior to different varieties of wheat. Three winter wheat and four spring wheat varieties were chosen from a range of European breeding programmes. Results showed that variety choice had the greatest effect on yields, but that fertility management practices also significantly affected wheat yields and protein quality for some of the varieties. This clearly indicates that yields in organic wheat production can be significantly increased by improved variety choice and fertility management regimes.      
Introduction

Previous studies have shown that yields and protein content of wheat produced under organic standards are often between 20 and 40% lower than those achieved in conventional farming systems (Taylor & Cormack 2002). This is thought to be at least partially due to insufficient nitrogen supply during later growth stages (Dubois & Fossati, 1981; Miceli et al., 1992; Ayoub et al., 1994; Sowers et al., 1994; Pechanek et al., 1997; Mittler 2000; Taylor & Cormack, 2002). The inability to control certain diseases (especially Septoria spp.) and higher levels of competition from weeds may also contribute to lower yields and processing quality in organic systems (Mittler, 2000). Although a positive correlation between straw length and protein content has long been recognised in continental Europe (e.g. most high baking quality/protein A and E wheat varieties in the German variety list are longer straw varieties), the higher lodging risk of longer straw varieties under UK conditions has resulted in the disappearance of these varieties from the UK listing (Lochow Petkus and CPB Twyfords, personal communication; Mittler 2000).  
Initial results from the Nafferton Factorial Systems Comparison (NFSC) Experiments indicated that lodging risk is significantly lower in organic production systems. It was therefore decided to re-evaluate a range of longer-straw varieties from European breeding programmes (which had not been included previously in UK variety trials; e.g. Carver & Taylor 2002; Taylor & Cormack 2002) under commercial organic farming conditions in Northern Britain.

Materials and methods 
Experimental design and agronomic methods: The experiment was established on 4 fields (= blocks) at Gilchester Organic Farm, Northumberland, UK. Each field was subdivided into 2 main plots in which pure red-clover (Trifolium pratense) swards were established using either seed inoculated with a commercial Rhizobium (Becker-Underwood, Saskatoon, Canada) preparation, or untreated seed, in March 2003. Each main plot was then subdivided into 2 sub-plots, one of which received no inputs and the other which received 5t per ha of a green-waste compost (COMVERT, Morpeth, UK). In September 2004 three winter wheat varieties and in March 2005 four spring wheat varieties were planted on the fertility management subplots, creating a wheat variety sub-subplot level. Treatments were randomised at the main plot, subplot and sub-subplot level. 

Varieties: The varieties used were: (a) 3 long-straw winter wheat varieties (Greina, Wenga and Pollux) from an organic faming focused breeding programme developed by Peter Kunz for Sativa (Reinau, CH), (b) 2 short straw spring wheat varieties bred for UK (Paragon; CPB-Twyford, Cambridge, UK) and German (Monsun; Lochow Petkus, Bergen, D) intensive farming systems and (c) 2 long straw varieties bred specifically for high baking quality wheat production in Germany (Fasan, Lochow Petkus, D) and Norway (Zebra, Swallof-Weibull, Sweden).

Assessments: Crop yields were assessed by combining a 320 m2 section from each variety sub-subplot using a plot-combine harvester (CLAAS, Germany). Grain fresh weights were determined by weighing grain harvested in each plot immediately after harvesting. Dry weights were determined by drying a sub-sample of harvested grain at 80°C for two days using a drying oven (Genlab Ltd, Widnes,UK). Protein analyses were carried out by the wheat breeding/seed production company Lochow Petkus GmbH (Bergen, Germany) using standard protocols (ICC Standard No. 159; ICC 2006).  

Results and discussion

Overall, the use of Rhizobium inoculation of red clover seed (but not compost amendments) significantly (P<0.05) increased clover establishment, nodule numbers and the mean size of nodules, and the yields of wheat crops planted after grass clover crops. Protein content, on the other hand, was significantly (P<0.05) increased by compost amendment of red clover swards, but only when used in conjunction with Rhizobium inoculation of red clover seed (individual data not shown).   
There were significant interactions (P<0.05) between fertility management practices and varieties for both winter and spring wheats (Tables 1 and 2). In the winter wheat trial Rhizobium inoculation and compost amendment had an additive effect on yield for Greina, while for Wenga only the combined use of both treatments resulted in a significant increase in yield, and for Pollux neither of the treatments had a significant effect (Table 1). Also for Greina, the protein content was lowest when Rhizobium inoculum was used without compost amendment, and increased by compost amendments to the clover ley grown before wheat crops (Table 1). In contrast, for Pollux, only the reduction in protein content associated with Rhizobium inoculation was significant and there was no significant effect of clover management practices on protein content for the variety Wenga.
Table 1. Yields and % protein of winter wheat varieties under standard and improved fertility management practices
	
	without Rhizobium inoculum
	with Rhizobium inoculum

	Variety
	- compost
	+ compost
	- compost
	+ compost

	Yield (t ha-1)
	
	
	
	

	Greina
	4.94 d
	5.34 c
	6.35 b
	6.61 a

	Pollux
	6.26 a
	6.37 a
	6.19 a
	6.52 a

	Wenga
	5.41 b
	5.29 b
	5.65 b
	6.20 a

	
	
	
	
	

	Protein (%)
	
	
	
	

	Greina
	11.78 b
	12.07 a
	11.47 c
	12.00 a

	Pollux
	12.00 a
	12.25 a
	11.70 b
	11.78 b

	Wenga
	11.85 a
	12.00 a
	11.95 a
	12.25 a


Means with the same letter within rows are not significantly different according to Tukey’s Honest Significant Difference test (P<0.05).
Table 2. Yields and % protein of spring wheat varieties under standard and improved fertility management practices
	
	without Rhizobium inoculum
	with Rhizobium inoculum

	Variety
	- compost
	+ compost
	- compost
	+ compost

	Yield (t ha-1)
	
	
	
	

	Paragon
SS
	5.86 a
	5.75 a
	5.64 a
	5.71 a

	Monsun
SS
	7.02 a
	6.79 a
	6.86 a
	6.75 a

	Fasan
LS
	6.97 a
	6.42 b
	7.34 a
	7.32 a

	Zebra
LS
	7.69 b
	7.63 b
	7.95 b
	8.72 a

	
	
	
	
	

	Protein (%)
	
	
	
	

	Paragon
SS
	12.10 a
	11.72 b
	11.68 b
	12.32 a

	Monsun
SS
	12.15 b
	11.85 c
	11.82 c
	12.62 a

	Fasan
LS
	11.97 a
	12.00 a
	11.07 b
	  11.60 ab

	Zebra
LS
	11.05 b
	  11.40 ab
	11.53 a
	11.73 a


SS: Short straw variety; LS: short straw variety

Means with the same letter within rows are not significantly different according to Tukey’s Honest Significant Difference test (P<0.05).
The effect of clover management practices on the yield of spring wheat was less pronounced than that observed with winter wheat, but again the effect differed among varieties. The yield of short straw varieties was not significantly affected by clover management. For long straw varieties Rhizobium inoculation increased the yield compared to uninoculated treatments.  For Zebra only, the combination of Rhizobium inoculation and compost amendment resulted in significantly higher yields. For Fasan, using only compost amendments reduced yields compared to the other 3 treatments. Also, for the short straw varieties, the use of either Rhizobium inocula or compost amendments alone, reduced protein contents. In contrast, for the long straw varieties the use of Rhizobium inoculation alone reduced protein content for Fasan, while for Zebra the combined use of Rhizobium inocula and compost amendment increased protein contents (Table 2).

Conclusions

The results presented indicate that two of the main problems relating to the sustainability of the current organic wheat production methods (lower yields and protein contents) can be addressed by changes in fertility management practices and variety choice. Yields of 6 to 8 t/ha as recorded for the long-straw spring wheat varieties under improved fertility management were similar or only slightly below the average (7.5 t/ha) obtained with short straw winter wheat varieties (e.g. Malacca) under high input conventional conditions used in Northumbria (Lueck et al. 2006). However, future trials should confirm results from the 2005 season under a wider range of climatic conditions.     
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