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Abstract 
Data from the second year of experiments at three sites (Wakelyns in SE and Sheepdrove in SW England; and Chapel Farm in SE Scotland) to investigate the effects of interactions among a range of agronomic practices (row spacing, seed density, weeding and undersowing with clover) on winter wheat performance are presented, and compared with first year results. Trends seen at all years and sites indicate that narrow row drill arrangements with high seed rates result in the highest yields. This combination also performed well for emergence and establishment. The effect of drill arrangement was significant (P<0.05) at two of the three experimental sites with establishment of 282 and 232 plants m-2 at Sheepdrove and Chapel farm respectively. There were significant interactions between row spacing and seed density at all three sites. A new composite cross population integrated into the experiment has performed well for a number of traits including canopy cover and grain yield. 

Introduction 

Organic farming has been, and should be, regarded as a form of ecological farming (Weiner, 2003), making optimal use of interactions among plants, soil and other factors. However, previous work in this area has often taken a reductionist approach to farming systems, focusing on the importance of single factors (Gooding et al., 2002). It is essential, however, that as many relevant factors of the system as practicable are analysed together, in order to understand a range of potentially complex interactions (Gooding and Davies, 1997). The main objective of this study was to undertake a multifactorial analysis of different wheat genotypes, with or without clover bi-cropping, planted at different seed rates in a range of different spatial patterns under contrasting site conditions. 

Materials and methods 

The second year of trials took place at three sites (Wakelyns Agroforestry, Suffolk, Sheepdrove Organic Farm, Berkshire and Chapel Farm in East Lothian in 2006/07). Each site contained a randomised, replicated split-plot design integrating three winter wheat genotypes: Hereward (a benchmark Nabim Group 1 variety), Aristos (bred for low input systems) and a ‘Yield-Quality Composite Cross Population’ (‘YQ CCP’, output from The Organic Research Centre’s Wheat Breeding trial (Wolfe et al., this conference); two seed rates (low, and high, 150 kg ha-1 and 250 kg ha-1); three spatial arrangements (wide row (20 cm), narrow row (10 cm) and strips (a seeded band 20 cm wide with 30 cm centres, at Wakelyns and Sheepdrove only); with or without white clover mixture (undersown at 7 kg ha-1) and with or without weeding (tine harrow on half of the wide row plots, at Wakelyns and Chapel only). Standard agronomic assessments on crop, weed and clover growth were taken throughout the growing season and post harvest. Analysis of variance was used to evaluate the main component effects and interactions. Variables in the second year of the experiment were amended from the first year in consultation with farmers, advisers and the project consortium. Additional factors in the second year: Chapel as an extra site; YQ CCP as an extra genotype and weeding.
Results 
This paper discusses a selection of results from the second year (2006/07) of experiments. They are compared with results of the first year of experiments, details of which can be found in Haigh et al. (2006). 

Drill arrangement and seed rates

The combination of narrow rows and high seed rates tended to produce the highest yields in both years. Narrow rows produced the highest yields at all sites in both years, at SAC in 2006/07 this was significant (P= 0.022; Figure 1); in the previous year this was significant at both sites (Wakelyns and Sheepdrove, P<0.001). Highest yields were attained using high seed rates in 2006/07 at Wakelyns and Sheepdrove, at Sheepdrove this trend was significant (P= 0.015; Figure 1). In the previous year this trend had occurred at both sites, and was significant at Sheepdrove (P<0.001).
[image: image1.emf]0

1

2

3

4

5

NR WR NR WR NR WR S NR WR S NR WR S NR WR S

high low high low high low

Chapel Sheepdrove Wakelyns

Grain yield (t ha

-1

 @ 15% mc)


Figure 1: Mean grain yield (t ha-1 @ 15 % moisture content) at each site (Chapel, Sheepdrove and Wakelyns) for high and low seed rates (150 kg ha-1 and 250 kg ha-1) under narrow (NR), wide (WR) or strip drill arrangements (S) in 2006/07. At Chapel NR yielded significantly more than WR (P= 0.022, l.s.d.= 0.1911); at Sheepdrove high seed rates produced significantly higher yields than low seed rates (P= 0.015, l.s.d.= 0.2253).
The highest emergence was under high seed rates: Wakelyns= 298 versus 226 plants m-1; Sheepdrove= 310 versus 200 plants m-1 (P<0.001 at both sites), and tended to be in the rank narrow rows > wide rows > strips. Establishment was highest with narrow rows and high seed rates at all sites. The effect of drill arrangement was significant at both Sheepdrove (NR= 282 plants m-1, S= 192 plants m-1, WR= 249 plants m-1, P= 0.025, l.s.d.= 55) and Chapel (NR= 232 plants m-1, WR= 177 plants m-1, P= 0.041, l.s.d.= 50). The interaction between drill arrangement and seed rate was also significant at Chapel where narrow rows and high seed rates produced higher establishment (261 plants m-1) than wide rows and low seed rates (168 plants m-1, l.s.d. = 37, P= 0.038). These results were similar to the previous season where narrow rows also performed well for emergence and establishment. 
Narrow rows also performed well for canopy cover; they tended to have the highest leaf area index. At Sheepdrove this was significant throughout the season (early: NR= 1.66, WR= 1.55, S= 1.02, l.s.d.= 0.2303, P= 0.003; mid: NR= 2.58, WR= 2.45, S= 2.11, l.s.d.= 0.3332, P= 0.04; and late: NR= 2.80, WR= 2.42, S= 2.25, l.s.d.= 0.3611, P= 0.031). 

Although weed pressure differed at each site, again narrow rows and high seed rate plots tended to have the lowest weed cover. This trend was seen across sites; it was significant at Wakelyns where narrow rows had fewer weeds than other drill arrangements, early in the season (NR= -10.79 %, WR= 0.16 %, S= 0.61 % weed cover relative to un-cropped ground), l.s.d.= 5.162, P= 0.006). 

Varieties

In the 2006/07 season the YQ CCP yield was significantly greater than either Hereward or Aristos at Wakelyns (YQ CCP= 2.60 t ha-1; Aristos= 2.25 t ha-1; Hereward= 2.16 t ha-1, l.s.d.= 0.3027, P= 0.013). Although the YQ CCP was not present in this experiment in the previous season, this result is consistent with another variety trial at Wakelyns, where the YQ CCP yielded 104 % of Hereward. In the previous season Aristos was the highest yielding variety at Wakelyns (Aristos= 7.27 t ha-1, Hereward= 6.83 t ha-1, l.s.d.= 0.2513, P<0.001). At Chapel, varieties yielded significantly differently in the rank Hereward (5.34 t ha-1) > Aristos (4.92 t ha-1) > YQ CCP (4.23 t ha-1, l.s.d.= 0.2684, P<0.001). 
The YQ CCP performed well for other aspects; it tended to have the highest canopy cover (leaf area index) throughout the season at all sites. This trend was often significant. At Sheepdrove, the YQ CCP had significantly higher early (P<0.001), mid (P= 0.021 and late (P= 0.024) canopy cover than other genotypes (Table 1). 
Table 1: Mean canopy cover (leaf area index) for the three genotypes at three sites on three assessment occasions, 2006/07. 
	 
	 
	Mean leaf area index
	 

	 
	Site
	YQ
	Ar
	He
	l.s.d.

	Early canopy cover
	Sheepdrove
	1.59
	1.27
	1.37
	0.145

	
	Chapel
	2.23
	2.08
	1.87
	0.251

	
	Wakelyns
	1.41
	1.18
	1.28
	0.168

	Mid canopy cover
	Sheepdrove
	2.57
	2.34
	2.23
	0.244

	
	Chapel
	2.73
	2.56
	2.25
	0.311

	
	Wakelyns
	2.45
	2.18
	2.35
	0.240

	Late canopy cover
	Sheepdrove
	2.65
	2.42
	2.39
	0.206

	
	Chapel
	3.12
	2.86
	2.67
	0.286

	
	Wakelyns
	3.30
	3.31
	3.42
	0.247


At Chapel the YQ CCP had higher early canopy cover than Aristos (P= 0.02), for mid canopy cover both YQ CCP and Aristos were higher than Hereward (P= 0.01) and late in the season, YQ CCP had significantly higher late canopy cover than Hereward at Chapel (P= 0.01). YQ CCP canopy cover was higher at Wakelyns only at the early assessment (P= 0.029; Table 1). The YQ CCP also performed well for weed suppression; varieties with least weed cover tended to be in the rank YQ CCP > Aristos > Hereward. Although this was not always significant, YQ CCP did have significantly fewer weeds early in the season at Chapel than other varieties (YQ CCP= -1.49 %, Aristos= -1.21 %, Hereward= -1.06 % weed cover relative to un-cropped ground, l.s.d.= 0.339, P= 0.041); and Hereward had significantly more weeds than other varieties later in the season (YQ CCP= -14.64 %, Aristos= -14.06 %, Hereward= -13.37 %, weed cover relative to un-cropped ground, l.s.d.= 0.882, P= 0.038).
Discussion 
The beneficial effects of narrow rows and high seed rates were seen from the beginning of the year, in both crop emergence and establishment. This combination of factors also tended to produce high canopy cover and fewer weeds, and ultimately led to the highest yields. In order to maximise yields, a high number of plants is required, hence high seed rates produce highest yields. However, in order for each plant to perform to its best it also needs to experience as little competition (for light, water, and nutrients) from other crop plants as possible, therefore even plant spacing (best achieved in narrow rows) is essential to realising high yields. The drill arrangement with the optimum plant spacing (fewest numbers of neighbouring plants) was narrow rows, followed by strips and then wide rows.

Although the YQ CCP yielded relatively poorly at Chapel this year, it can potentially adapt to local conditions so that re-sown seed from this site should perform better in next year’s experiment.
Conclusions 
Narrow rows and high seed rates tended to produce the highest yields. The YQ CCP is performing well and may adapt further to the sites where it is grown. 
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