16th IFOAM Organic World Congress, Modena, Italy, June 16-20, 2008
Archived at http://orgprints.org/12160

Growing rapeseed in mixed cropping with cereals
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Abstract

Yields of mixed cropping systems of winter rapeseed (Brassica napus) with winter rye, winter wheat and winter barley in organic farming are reported by the example of a one year field trial in Trenthorst, North Germany. The trial was established as per​petuation of trials in the years before with different seed densities and row distances due to very low yields of both components to increase the overall yield of the mixtures. Winter rapeseed was heavily suppressed by the cereals when grown in mixture with rye. The winter rapeseed yields were more adequate in relation to the chosen seed reduction in combination with wheat. In systems with delayed drilling of the cereals between rows of rapeseed, wheat and barley had problems in field establishment and rapeseed yields were over-proportional in relation to the chosen seed reduction. Land equivalent ratios (LER) were around 1 in all systems. The use of those mixtures as practicable yield buffer in organic farms needs further evaluation.
Introduction
Rapeseed in organic farms is prone to pest and insect infestations. Additionally it has a high nitrogen demand. Its use as component of organic crop rotations therefore is very risky. Mixed cropping systems of rapeseed with cereals could be a possible tool to compensate for unstable rapeseed yields in organic farm​ing and to keep a small scale rapeseed production upright. Effects on weed suppres​sion and yields of those systems in Canada have been reported by Szumigalski and van Acker 2005 and 2006. The first experiences with rapeseed-cereal mixtures in organic farming are reported by Paulsen and Schochow (2007). These trials showed a very high variability in rapeseed yields due to difficult post winter establishment of the rapeseed and to heavy yield losses by melingethes aeneus. When cereals established well rapeseed biomass and seed yield at harvest were strictly reduced by the cereal partners and cereal yields were small. To increase overall yields of the mixtures row distances, row distribution and seeding dates were varied. The results of this trial are reported below.
Materials and methods
The actual field results given here are from field trials in 2005/2006 in Trenthorst in the South-East of Schleswig-Holstein in Germany at a loamy site with good water condi​tions and sufficient soil nutrient supply (available nutrient contents in spring [mg 100 g-1]: PCAL 7.7, KCAL 14.3, MgCaCl2 12.5, pH 6.4, Corg 1.1%, Nmin 60 kg ha-1). Preceding crop in the crop rotation was clover grass. The rapeseed cereal mixtures were estab​lished with different seeding times (table 1) and row densities. The following varieties were used: Rapeseed: Express, Barley: Lomerit, Wheat: Capo, Rye: Boresto. Sole cropped rapeseed and cereals were grown with 25 cm and 12.5 cm row distance, respectively. At end of August in mixtures alternating rows with 12.5 cm row distance were drilled simultaneously. Wheat and rye between the rapeseed rows were drilled in September in the rough soil after hoeing. For these treatments cereals were sown in double rows, 12.5 cm spaced, between two rapeseed rows with 37.5 cm row distance. Seed densities for the reduced row number, comparable to the seed densities in the rows of the sole cropped cereals were chosen. In the treatments with simultaneous drilling of the components in August the seed densities in the rows were kept constant or reduced to 50 % due to the untimely seeding date (table 1). Rapeseed densities were reduced so far that an overall seed density of 100 % compared to the sole cropped cultures was reached. Plot size at harvest was 27.5 m-2. Four repetitions were used. Only the sole cropped plots were mechanically weeded with hoe or harrow. In the preceding trials in the years 2004 and 2005 in Trenthorst and addi​tionally at tree other sites in 2005 single alternating rows of the crop components with 12.5-14 cm row distance, same plant varieties and clover grass as pre-crop were chosen. 
Results
Seed and straw yields of mixtures of rapeseed with barley, rye (Paulsen and Schochow 2007) or wheat from the years 2004 and 2005 are shown in Figure 1. 
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T=Trenthorst, W=Wilmersdorf, P=Pfaffenhofen, G=Guelzow , shifted seeding only in T04
Figure 1: Seed and straw yields of mixed cropping of winter rapeseed with winter cereals (bars) and their components in sole cropping (table) (2004, 2005)
In 2005 barley was dominated by rapeseed in Wilmersdorf, whereas in Trenthorst, Pfaffenhofen and Guelzow grain and straw yields of barley reached more than 50 % in the mixtures compared to the sole cropping. Shifted seeding led to heavily decreased grain yield of barley in Trenthorst 2004. Except for Wilmersdorf the rye in mixture with rapeseed established very well and reached more than 50 % of straw and grain yield compared to the sole cropping variants. Wheat reached seed yield values between 17 and 25 % in mixture with rapeseed compared to its sole cropping. LER values higher than 1 where only reached in rape x barley in Wilmersdorf where the rapeseed yield in the mixtures were higher than sole cropped rape and in Pfaffenhofen at a low yield level of both components in sole and mixed cropping. In the trial of 2006 in Trenthorst reported in the following, insect pressure was moder​ate and rapeseed yields of 1.4 t ha-1 were possible. High barley yields (6.2 t ha-1) and medium rye (4.9 t ha-1) and wheat yields (4.4 t ha) were gained in sole cropping (table 1). The early drilling of wheat at end of August with halved seed density led to yield losses in seeds of 22 % compared to the normal seeding time.
Tab. 1: Seed and straw yields of mixed cropping of winter rapeseed with different winter cereals [t ha-1 dry matter], Trenthorst 2006

	Variants
	Seed density
	Seeding date
	Seeds Rape
	Seeds Cereals
	Straw total
	Seeds total
	Seeds + straw total

	Barley 1/1 
	300
	27 Sept
	
	6.14
	5.4
	6.14
	11.5

	Wheat 1/1 
	350
	27 Sept
	
	4.46
	7.6
	4.46
	12.1

	Wheat 1/2
	175
	23 Aug
	
	3.49
	6.8
	3.49
	10.3

	Rye 1/2
	110
	23 Aug
	
	4.90
	6.5
	4.90
	11.4

	Rape 1/1
	100
	23 Aug
	1.39a
	
	4.7bc
	1.39e
	6.1d

	Rape 2/3 Barley 2/3
	65/225
	23 Aug

27 Sep
	1.20ab
	0.73c
	3.9d
	1.93d
	5.9d

	Rape 2/3 Wheat 2/3
	65/260
	23 Aug

27 Sep
	1.28a
	0.69c
	4.1d
	1.96d
	6.1d

	Rape 1/2 Rye 1/2
	50/110
	23 Aug

23 Aug
	0.31d
	4.05a
	5.6a
	4.36a
	9.9a

	Rape 3/4 Rye 1/4
	75/55
	23 Aug

23 Aug
	0.44d
	3.23b
	5.2ab
	3.66b
	8.8b

	Rape 1/2 Wheat1/2
	50/175
	23 Aug

23 Aug
	0.65cd
	2.47b
	4.7bc
	3.11c
	7.8c

	Rape 3/4 Wheat 1/4
	75/88
	23 Aug

23 Aug
	0.94bc
	1.35c
	4.6bc
	2.28d
	6.8cd


Comparison of rape and rape-cereal mixtures: Tukey-HSD, p=5%, after significant ANOVA

Later drilling of cereals between rapeseed rows led to high yield decreases for barley (-90 %) and wheat (-85 %) compared to their sole cropped treatments. Simulta​neous drilling of rapeseed and cereals together showed a more proportional yield development. When seed numbers in the rows of rye or wheat were reduced to 50 % compared to the treatments with sole cropping (indicated in the table by 1/4), ‑34 % and ‑62 % lower cereal seed yields were found respectively. In the mixed variants 50 % of the seed rows of the sole cropped cereals were replaced by rapeseed. So for rye the yield loss was lower than anticipated by the row replacement. Compared to the early sown cereals in sole cropping non reduced seed numbers (indicated in the table by 1/2) led to over-proportional yield reduction of wheat (-61 %), even when rape density was also reduced. Rapeseed yields were reduced significantly when sown together with cereals in August due to the lush pre winter development of the cereals. The bad cereal establishment in the cereals with delayed seeding led only to small but insignificant yield decreases in rape. Looking for the total seed yield of the systems rapeseed in combination with rye had the highest yield but with lower rapeseed pro​duction than in combination with wheat. Straw yields behave relatively proportional to the described seed yield effects.
Discussion
Obviously rapeseed and cereal yields in mixed cropping systems can be influenced by seed density management. But establishment problems of both cultures and their inhomogeneous year and site specific development are making reliable conclusions and even a suitable pooled statistical interpretation of all data dissatisfying. The LER (land equivalent ratio) values (Mead and Willey 1980) of the seed yields in the exam​ined mixed cropping systems of 2006 are close to one and show no real yield advantages (table 2). That is congruent to the findings of the years before where other seed densities and row distances were chosen. Another open point of the crop​ping system is the probable risk of fungal pre-winter infections in the early sown cereals.
Tab. 2: Relative yields and LER values of different mixed cropping systems with rapeseed an winter cereals 

	
	Relative yield compared to sole cropping
	LER

	
	Rapeseed
	Cereals
	

	Rape 2/3 Barley 2/3
	0.86
	0.12
	0.98

	Rape 2/3 Wheat 2/3
	0.92
	0.15
	1.07

	Rape 1/2 Rye 1/2
	0.22
	0.83*
	1.05*

	Rape 3/4 Rye 1/4
	0.31
	0.66*
	0.97*

	Rape 1/2 Wheat1/2
	0.46
	0.71/0.55**
	1.17/1.01**

	Rape 3/4 Wheat 1/4
	0.67
	0.39/0.30**
	1.06/0.97**

	*relative to rye 1/2, **first value is relative to wheat 1/2 Aug, second to wheat 1/1 Sept


Conclusions
With different seeding times cereals in rapeseed-cereal mixtures were difficult to establish due to inadequate possibilities for seed bed preparation between the rape​seed rows. Simultaneous drilling at end of August with non reduced seed distances led to luxurious growth of the cereals and suppression of the rapeseed. Rye showed the highest yield potential in the mixtures, independent of row distances and seed densities. Ongoing trials will give more experiences on yields and practicability of the systems. 
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