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Improvement of winter wheat baking quality in ecological cultivation by enlargement of row spacing and undersown intercrops
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Abstract 

Under ecological crop growing conditions, considerable problems consistently arise in fulfilling the baking quality of winter wheat demanded by consumers. The “wide row” procedure shows promising potential for effectively using the nutrient supply in ecological cultivation for the production of winter wheat with high baking performance. Increasing the distance between rows of winter wheat from 12.5 cm to 50 cm proved advantageous for the indirect quality parameters sedimentation value and gluten and crude protein concentration. Either no yield decreases or low decreases only up to 10% were noted. Because of an increased tendency to erode and in order to improve of the preceding crop’s value, creation of a green zone with legumes between the rows is necessary. To prevent competition between cover and catch crops, mulching of catch crops is required. 

Introduction 

In ecologically cultivated fields, winter wheat is typically planted with narrow row spacing. However, because of the limited nitrogen supply, the resulting baking qualities do not meet consumers’ and processors’ demands. This problem comes to a head in stockless ecofarming because of the additional deficiency of forage legumes as a good previous crop, as well as the non-availability of nitrogenous fertilizer from livestock. Both practical experience and initial scientific insights have shown that this problem can be counteracted by increasing the row spacing (Germeier 2000).

Materials and methods 

During the crop growing periods 1999/2000 and 2000/2001, exact field tests were conducted at four ecologically farmed locations in three different German federal states (fully randomized block design with four replicates). In two control variants, the wheat was planted in rows respectively spaced 12.5 cm (normal procedure) and 50 cm apart. Both variants were kept free of weeds mechanically. 
Each of the effects of the wide row system without undersown crops was compared with the normal planting procedure. Of significant interest, however, were analyses regarding the impact of clover catch crops cultivated within the 50-cm rows, sown on three different dates (autumn, early spring, late spring). In addition, the effect of catch crop regulation in spring with the help of a specially developed row-mulching machine was investigated. Besides the effects on the yield and quality of winter wheat, environmental effects and the cost-effectiveness of the method also were examined. 

Results 

Yields of winter wheat were not significantly influenced by the variants of the wide row cultivation system analyzed during the 2000 crop year (Table 1). More advantageous conditions for winter wheat cultivation predominated in 2001. Under conditions of wide row cultivation, the harvest in 2001 was insignificantly diminished (by up to 11%) compared with the normal cultivation method. Autumn catch crops in the wide-row system (mulched and non-mulched) caused significantly lower winter wheat yields compared with the normal cultivation method (a strong competition between cover and catch crops could be the reason). Compared with the variant with 12.5-cm between the rows, the mulched spring catch crops of 2001 had the smallest yield losses, which were statistically significant.

Table 1: Grain harvest of winter wheat (Bussard type) in conjunction with row width, catch crop and mulching during the analyzed years 2000 and 2001 (results averaged from the four examined locations, n=128)

	Variants**
	2000

dt/ha
	2001

dt/ha 

	Control groups
	12,5 cm
	33.7
	a*
	46,7
	A

	
	50 cm
	35.7
	a
	41.5
	Ab

	Row width 
50 cm without mulching
	US I
	34.7
	a
	37.5
	B

	
	US II
	35.2
	a
	42.3
	Ab

	
	US III
	35.8
	a
	41.3
	Ab

	Row width
50 cm with mulching
	US I
	33.3
	a
	37.5
	B

	
	US II
	33.1
	a
	43.1
	Ab

	
	US III
	34.8
	a
	44.6
	Ab
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	34.5
	
	41.8
	


* Different letters label significant differences, Tukey test ( 0,05

** Variants:

12.5 cm 
common row spacing



50.0 cm 
wide row spacing



US I
sowing of catch crops in autumn



US II 
sowing of catch crops in early spring



US III 
sowing of catch crops in late spring

Row spacing, catch crops, and mulching technique had clear effects on the baking quality of Bussard winter wheat (Table 2). Merely increasing the row spacing from 12.5 cm to 50 cm resulted in a significant increase of sedimentation value, as well as a tendency towards an increase in gluten and crude protein concentrations.

To guarantee the sustainability of production, recommendations for the implementation of the wide row system must also include consideration of environmental effects. For example, soil in the examined variants showed a variably strong disposition to erosion (Table 3). Simply increasing the row spacing from 12.5 cm to 50 cm significantly increased erosion by ca. 30%. By sowing catch crops in early spring, this negative effect was offset for the most part. Autumn catch crops had the strongest erosion-reducing effect. However, because of the observed decrease in yields in 2001 and the insignificant quality effects in comparison to the control variant with 12.5-cm row spacing, this variant probably cannot be considered for dependable production of baking wheat in ecological cultivation.

Table 2: Baking quality parameters of winter wheat (Bussard type) in relation to row width, catch crop, and mulching in 2000 and 2001 (results averaged from the four examined locations, n=256)

	Variants**
	Crude protein concentration (%) (N x 5,7)
	Gluten concentration (%)
	Sedimentation value (ml)

	 Control groups
	12,5 cm
	10.6
	a*
	25.0
	a
	32.2
	a

	
	50 cm
	11.3
	ab
	27.2
	ab
	38.0
	b

	Row width
50 cm without mulching
	US I
	11.1
	ab
	26.8
	ab
	35.7
	ab

	
	US II
	11.1
	ab
	26.7
	ab
	36.4
	ab

	
	US III
	11.3
	ab
	27.0
	ab
	37.8
	ab

	Row width 
50 cm with mulching
	US I
	11.1
	ab
	25.8
	ab
	35.4
	ab

	
	US II
	11.3
	ab
	27.8
	b
	38.4
	b

	
	US III
	11.5
	b
	27.9
	b
	38.5
	b
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	11.2
	
	26.7
	
	36.6
	


Footnote: see fig. 1

Table 3: Erosion (t/ha) in relation to row width and catch crops under laboratory conditions (measured in overgrown soil before sprouting, samples taken from the Wetterau location, vegetation year 2001)

	Variants**
	Light rain 10 min
	Light rain 10 min
	Heavy rain 2 min
	Heavy rain 2 min
	Total

	Control groups
	12.5 cm
	2.1
	a*
	1.7
	a
	6.8
	a
	9.3
	a
	20
	a

	
	50 cm
	1.2
	B
	1.9
	a
	12
	b
	11
	b
	26
	b

	Row width 50 cm with mulching
	US I
	0.0
	C
	0.6
	c
	0.8
	c
	1.7
	c
	3.1
	c

	
	US II
	1.6
	B
	2.3
	b
	9.0
	ab
	9.0
	ab
	22
	ab
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	1.2
	
	1.6
	
	7.2
	
	7.7
	
	18
	


Footnote: see fig. 1

Discussion 
Compared with the control variant with rows spaced at 12.5 cm, the quantity of catch crops produced in the 50-cm spaced rows did not result in a significant increase in quality, as long as these catch crops were not mulched. In comparison with the control variant with rows spaced at 50-cm, the non-mulched catch crops again showed a tendency towards lower indirect quality parameters. This relates to the existence of a competitive correlation between grain cover crops and undersown clover crops at the expense of baking quality. Mulching the catch crops sown in spring apparently eliminated this competition, which, with one exception, was evident in the significantly higher quality parameters than in the control variant with 12.5-cm row spacing.

Conclusions 
A detailed description and commentary on the field experimental analyses can be found in Becker and Leithold (2003) and Becker (2007). Increasing the distance between rows of winter wheat from 12.5 cm to 50 cm proved advantageous for the indirect quality parameters sedimentation value and gluten and crude protein concentration. Either no yield decreases or low decreases of up to 10% were noted. As a whole, the investigations led to the conclusion that by growing winter wheat in rows 50 cm apart instead of 12.5 cm, a level of quality can be attained in ecological cultivation that meets the demands of high baking quality. The use of E-wheat types remains a prerequisite for meeting this objective, as well as good nitrogen supply from the previous crop. Because of an increased tendency to erode and in order to improve the preceding crop’s value, creation of a green zone with legumes between the rows is necessary. To prevent competitive relationships between cover and catch crops, mulching is required. If no mulching is done, this will lead to losses in quality. The following combination was best able to meet the demands of crop yields, quality, environmental benefit, and preceding crop’s value: 50-cm row spacing, undersowing early enough in spring after raking and/or hoeing, and mulching of the catch crop. The specially developed and tested mulch machines can be considered well tried and proven. Reducing the sowing density by up to 50% compared with normal cultivation was not disadvantageous for the crop or quality. The microeconomic analyses have shown that, provided price premiums are given for quality wheat, the winter wheat’s contribution to overall profit increased by cultivating it with the wide-row system (Nieberg et al. 2003). With shared use of the expensive row mulching machine by cooperating farms, the cost effectiveness of the procedure is increased further. Implementation of the cultivation procedure is particularly advantageous when it results in positive effects on the other production methods used (by the effects of undersown intercrops) and adoption is possible for the overall enterprise.
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