16th IFOAM Organic World Congress, Modena, Italy, June 16-20, 2008
Archived at http://orgprints.org/view/projects/conference.html

Effects of husked oat varieties, variety mixtures and populations on disease levels, crop cover and their resulting yields
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Abstract

Two seasons (2005/06 and 2006/07) of field experiments which aimed to study the suitability of new and established husked oat varieties, variety mixtures and a husked oat population for organic systems were established at two sites in the west and east of the UK. The ground cover and leaf area indices of the varieties had significant effects on final yields in the 2005/06. Mixtures generally yielded similarly to the means of component varieties but the mixtures in 2005/06 and 2006/07 had 25 % and 18 % less disease, respectively, than the average of the component varieties at one site.
Introduction
Oats have many qualities that make them suitable for organic production including high nitrogen use efficiency (Sylvester-Bradley, 1993) and competitiveness against weeds (Seavers & Wright, 1999). The aim of this project was to identify, in existing and novel husked oat varieties, traits that are key for organic farmers. These traits include competitiveness (measured by crop cover and maximum leaf area index (LAI)), pest and disease resistance and good combining ability in variety mixtures that may help to overcome variability caused by biotic and abiotic stresses. 
This paper discusses crop cover, LAI and disease results of two years of the husked oats experiments and their influence on final yields. Further details of the trials can be found in Clarke et al. (2007) and Jones et al. (2006).
Materials and methods
Organic trials examining husked varieties of winter oats were established at both Sheepdrove Organic Farm, Berkshire, UK and Wakelyns Agroforestry, Suffolk, UK in October 2005 and 2006. The experiments tested three varieties (Gerald, Tardis, Brochan) in 2005/06 and four (original three plus Mascani) in 2006/07, plus their three (or four) -way mixture and a selection of lines bulked at F2 (‘population’) and then grown at only Sheepdrove or Wakelyns. The experiments were carried out as the first cereal in the rotation (after a grass-clover ley) in 2005/06 and the second cereal in the rotation in 2006/07. The experiments were of a replicated split-plot design with 1.45m x 10m split-plots. Variety assessments included numbers of plants emerged and established, early crop cover (percentage of ground covered by crop) at growth stage (GS) 29 (Zadoks et al., 1974), crop height, diseases on the flag leaf (GS 70-75), lodging, maximum canopy cover, and grain yield.
Results

Trial season 2005/06
The first differences among husked varieties were detected when crop cover was determined early in the season. The significant (P < 0.001) differences in early crop cover among varieties were evident at Wakelyns only (Table 1), where Tardis had the highest crop cover, Brochan was slightly, but not significantly lower, and Gerald had a significantly lower level of crop cover than Tardis and Brochan. This trend was seen again, but this time at both sites, later in the season when maximum Leaf Area Index (LAI) was determined (Table 1). For both assessments, and at both sites, the mixture performed better than the mean of the components, although the differences were small at Wakelyns. At Wakelyns the mixture had a 2 % higher leaf area index than the component varieties and at Sheepdrove, this was higher at 10%.

There were generally low levels of the foliar diseases crown rust (Puccinia coronata) and powdery mildew (Erysiphe graminis) this season. However, at Sheepdrove, there were significant (P < 0.001) differences among varieties in terms of disease; Tardis had the lowest levels and Gerald the highest (Table 1). The variety mixture had 25% less foliar disease than would have been expected from the average of the component varieties.

Yields were generally high, with yields at Wakelyns averaging 9.8 t ha-1. At both sites, the significant (P < 0.05) differences among varieties showed the same effects (Table 1); Tardis had the highest yield and Gerald the lowest. The mixtures yielded 2 % higher than the mean of the component varieties and the ‘population’ yields were similar to those of the mixture.
Table 1. Mean early crop cover, Leaf Area Index (LAI), percentage disease on the flag leaf and yield of husked varieties grown at Sheepdrove, Berkshire and Wakelyns, Suffolk in 2005/06.

	Site
	Variety
	Early crop cover

(%)
	Maximum LAI
	Total Disease
(%)
	Yield

(t/ha at 15% moisture concentration)

	Wakelyns
	Brochan
	46.4
	9.96
	-
	9.55

	
	Tardis
	50.1
	9.75
	-
	10.48

	
	Gerald
	36.3
	8.98
	-
	9.04

	
	Mixture
	45.3
	9.80
	-
	9.90

	
	Population
	46.7
	9.89
	-
	9.96

	
	l.s.d.
	4.34
	0.455
	-
	0.357

	
	
	
	
	
	

	Sheepdrove
	Brochan
	16.0
	6.60
	11.0
	6.98

	
	Tardis
	17.8
	6.31
	1.7
	7.70

	
	Gerald
	17.3
	5.97
	14.4
	6.93

	
	Mixture
	17.8
	6.95
	6.8
	7.35

	
	Population
	18.8
	6.48
	7.7
	7.23

	
	l.s.d.
	4.74
	0.632
	2.78
	0.465


Trial season 2006/07

Differences were detected in early crop cover among the entries only at Sheepdrove. Tardis had a significantly (P = 0.015) higher level of crop cover than the other varieties and mixture (Table 2). However, there were no significant differences in LAI among the varieties, the mixture and populations at either Sheepdrove or Wakelyns.

This season was notable in terms of the large amounts of disease present, especially crown rust (Puccinia coronata). There were significant (P < 0.001) differences in total disease levels on the flag leaf among the varieties, mixture and populations (Table 2) at both Sheepdrove and Wakelyns. At Sheepdrove, Gerald had significantly higher levels of disease than the other varieties, with Mascani having slightly, but not significantly, lower levels than Brochan and Tardis. At Wakelyns, Gerald had the lowest level of disease of the varieties, but was still greater than the population. The disease results of both sites are reflected in the yields of the varieties with Gerald having the lowest and Mascani the highest yields at Sheepdrove and Gerald the highest yields at Wakelyns (Table 2). The mixture had 18 % less disease than the average of its component varieties at Sheepdrove (Table 2), but only 3% higher yields. The populations yielded relatively well at both sites.
Table 2. Mean early crop cover, Leaf Area Index (LAI), percentage disease on the flag leaf and yield of husked varieties grown at Sheepdrove, Berkshire and Wakelyns, Suffolk in 2006/07.

	Site
	Variety
	Early crop cover

(%)
	Maximum LAI
	Total Disease
(%)
	Yield

(t/ha at 15% moisture concentration)

	Wakelyns
	Brochan
	28.9
	2.74
	81.6
	3.99

	
	Tardis
	25.9
	2.91
	85.6
	4.02

	
	Gerald
	26.7
	2.68
	65.8
	4.75

	
	Mascani
	22.8
	3.11
	83.8
	4.41

	
	Mixture
	27.2
	2.76
	80.0
	4.09

	
	Population
	34.2
	2.86
	58.2
	4.65

	
	l.s.d.
	6.82
	0.349
	7.20
	0.371

	
	
	
	
	
	

	Sheepdrove
	Brochan
	39.4
	4.74
	11.4
	6.23

	
	Tardis
	52.8
	4.58
	10.3
	6.66

	
	Gerald
	37.0
	4.26
	22.3
	6.15

	
	Mascani
	42.5
	4.55
	8.9
	7.05

	
	Mixture
	41.3
	4.69
	10.8
	6.71

	
	Population
	45.1
	4.49
	14.4
	7.20

	
	l.s.d.
	8.85
	0.63
	5.23
	0.590


Discussion
In 2005/06 differences in canopy cover and LAI throughout the season had major effects on final variety yields. This is likely to have been due to the greater level of photosynthesis in the denser crops, but may also have resulted from the better weed smothering ability of the larger plants, a trait especially important early in the season (Bond & Grundy, 2001). Effects were not found to the same extent in 2006/07, but this was related to very unusual weather patterns during the season which may have influenced tillering.
Disease levels were also important in determining final yield, especially in 2006/07 where severity was greater due to a wet summer. The results from both seasons show the effectiveness of mixtures at controlling the spread of disease, with 25% and 18% less disease present on the flag leaves of the mixtures than the average of the component varieties at Sheepdrove in 2005/06 and 2006/07, respectively.

The use of populations gives an extra level of diversity over and above that found in mixtures, leading to complementation of genotypes and the ability to buffer environmental variation (Phillips & Powell, 1984). In 2006/07 this ability may have lead to the populations having the highest and second highest yield at Sheepdrove and Wakelyns, respectively, when unusual weather patterns resulted in lower than average yields.
Conclusions
Tardis and Mascani were the best performing varieties in 2005/06 and 2006/07, respectively. However, mixtures were useful in reducing disease levels, and populations performed consistently well.
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