Repeated undersowing of clover in stockless organic grain production
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Abstract – There is a need for better knowledge of the production potential in organic stockless cereal production systems, and especially how legumes may be used most efficiently in the crop rotation. Field experiments were carried out during 2002-2005 to study biomass production, weed regulation effects, nutrient uptake and cereal yields at two experimental sites. Undersowing of clover is a common practice among organic cereal producers. Hence, crop rotations with four years of continuous undersowing (oats + red clover/wheat + white clover) were compared to rotations where the second year was a green manure ley. The average annual grain yields in the four year period were 25% higher with clover undersowing than in treatments without undersowing, but only 5% higher in rotations with one green manure year. Hence, the current practice of organic cereal producers seems relevant.
 

Introduction

Due to official agricultural policy over the last fifty years, Norwegian agriculture is divided into regions dominated by either grassland or cereals. In the latter, access to animal manure is restricted and organic cropping systems are often based directly on legumes for nitrogen (N) supply. Commonly, clover is undersown in cereals to obtain N during the cropping season, whereas growing a green manure e.g. every 4th year solely for N fixation is less common. There is, however a need to study the long-term effect of both these alternatives. In the present paper, preliminary results from one such study are discussed.

Material and methods

Field experiments were carried out at the Bioforsk research centres Apelsvoll, (site A; 60(42’N, 10(51’E) and Kise, (site K; 60(46’N, 10(49’E) from 2002 to 2005. The main soil differences were a higher soil P-concentration at A (P-AL = 59 vs 26 mg kg-1) whereas the soil at K contained slightly more clay (26 vs 17%) and soil organic matter (organic C = 2.9 vs 1.7 %). No fertilisers or irrigation were used during the experiment. The main treatments (tr., Table 1) were cereals with undersown clover (tr. 3) or clover mixed with ryegrass to reduce leaching risks during winter (4), and for comparison there were three zero treatments without legumes (0, 1, 2). Tr. 0 was weed harrowed, and tr. 2 was undersown with ryegrass. To compare the total cereal yields produced during four years with undersowing with the total yields produced in a four year crop rotation with one year of green manure ley, tr. 6 (green manure = red clover) and 5 (green manure = red clover + timothy) were included.

Table 1. Crop rotations (= treatments) in the field experiments. Abbreviations: Green manure = GM, oats = O, wheat = W, ryegrass = RG, red clover = RC, white clover = WC, timothy = T. Symbols:  / means undersown with, + means with weed harrowing (treatment 0).

	Treatment
	2002
	2003
	2004 
	2005

	0, Zero +
	O
	W
	O
	W

	1, Zero 
	O
	W
	O
	W

	2, Zero, RG 
	O/RG
	W/RG
	O/RG
	W/RG

	3, Clover
	O/RC
	W/WC
	O/RC
	W/WC

	4, Clover, RG 
	O/RG,RC
	W/RG,WC
	W/RG,RC
	W/RG,WC

	5, GM I
	O/RC,T
	RC,T
	O
	W

	6, GM II
	O/RC
	RC
	O
	W



On small plots, aboveground biomass was fractionated into cereals, legumes, grass and weeds in early July (cereal growth stage Zadoks 49), at cereal harvest, in mid-October and in late April the next spring. Dry matter content and contents of N, potassium (K) and phosphorus (P) were measured on these occasions. Yields and nutrient content of grain and straw were measured at harvest.


To study in more detail the effect of nutrient uptake in undersown legumes on the nutrient availability for subsequent cereals, a pot experiment with soil from the two experimental sites was conducted in a climate chamber. Results will be discussed elsewhere.

Results and Discussion

For each treatment, the total grain yields produced during the 2002-05 period has been added up and the annual average calculated (Figure 1). The average annual cereal yields were significantly increased by undersowing of legumes (tr. 3 and 4). On the average, yields in tr. 3 and 4 were 25% higher than in the three zero treatments. This is well in accordance with previous results from Northern countries (Känkanen et al., 2001; Henriksen et al., 2000). The inclusion of a green manure ley every 4th year in the crop rotation (tr. 5 and 6) was not as efficient as undersowing clover in order to increase the grain yields, and only slightly increased grain yields by 5% as compared to the zero treatments’ average.
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Figure 1. Annual average of total cereal yields produced in each treatment during the experimental period, 2002-05. Explanation of treatments is given in Table 1.

There was no clear effect of including a grass species in the undersown clover, or in the green manure ley (tr. 3 compared to 4, and 5 compared to 6). A surprising result is that the undersowing of ryegrass (treatment 2) did not decrease the cereal yields as compared to no undersowing. Former studies in conventional farming have shown a yield decrease of up to 12% when ryegrass has been undersown in cereals as a catch crop (Molteberg et al., 2005). In the present study, fertilisation effects of previously downploughed ryegrass may have compensated for the competition effects. There was a slightly negative effect of the weed harrowing on the average cereal yields (tr. 0 vs 1), which shows that the harrowing did more harm to the cereal plants than the weed regulating effect could compensate for.


The average grain yield within each treatment showed an increase during the experimental period (Figure 2). 2002 was the starting year for the system of continuous undersowing of clover. No yield increase was found this year, which shows that the effect of undersown clover is most important for the subsequent crop, and that the system has to be tested for more than one season to prove its efficiency. 


The increase in yield levels with time for the three zero treatments (0-2) is surprising, as no fertilisers were used. This yield level variation reflects the general growing conditions in each season, which were clearly better in 2004 and 2005 as compared to 2002 and 2003. In 2002, the weather was cold and wet after seed planting. Especially on Apelsvoll, growth was hampered due to development of a heavy soil crust. Further, the grain filling period of that season was shortened by warm and dry weather. In 2003, grain yields were generally at a normal level, whereas in 2004 and 2005 the yields were above normal. To characterise the production potential of the experimental seasons, we have included in Fig. 2 data for a conventionally grown reference barley cv. “Arve” from 8-16 fields of variety testing in the region where the experiments of the study were located (Åssveen et al., 2006). The average yield for Arve in the period 1993-2000 was 5260 kg ha-1, which clearly shows that 2002 and 2003 were growing seasons with below-normal yield potential. It is interesting to see that undersown clover in 2002 was able to increase the yield levels of 2003 significantly, whereas the yield increase was somewhat lower in seasons with more favourable growing conditions. Fig. 2 also shows that the large yield increasing effect in year 2004 of the green manure grown in 2003 (tr. 5 and 6) decreased rapidly. This fits well with the result discussed above, that as an average for the 4-year period, continuously undersown clover produced higher total yields than did one year of green manuring.
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Figure 2. Average yield within each treatment in each year of the experimental period, 2002-05. Explanation of treatments is given in Table 1.
Conclusion

The current practice on organic cereal farms, to use undersown clover regularly, is a useful method to maximize total grain yields. The effect of the undersown clover is most important for the subsequent crop. One year of green manuring during a 4-year crop rotation can not substitute continuously undersown clover.  
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