INTERCROPPING – THE PRACTICAL APPLICATION OF DIVERSITY, COMPETITION AND FACILITATION IN ARABLE AND ORGANIC CROPPING SYSTEMS
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Abstract 
Intercropping (IC) is the simultaneous cultivation of more than one crop species on the same piece of land. The IC practice offers many advantages to organic agriculture in terms of resource use, yield stability, weed management and increased diversification of agroecosystems. Field experiments carried out at two sites in Denmark over three consequetive cropping seasons showed that ICs of cereals and grain legumes gave higher yields, less weeds, lower infection with plant diseases and higher grain quality compared to corresponding sole crops. 

Introduction

Planned diversity in time through crop rotation is a key element in an organic cropping system. Arable crop rotations consist mainly of sole crops (monocrops, pure stands), the more diverse pastures being an exception. Prior to the mechanization of agriculture and the introduction of pesticides and synthetic fertilisers the cultivation of crop mixtures (intercrops) was common, however most crops are today grown as sole crops. Organic crops are commonly assumed to be more diverse, however in most arable organic systems this is not the case. Cropping systems are based on rotations of single genptype crops, although crop diversity is known to be a strong management tool (Altieri 1999). Intercropping, the simultaneous growth of more than one species in the same field (Willey 1979) is the practical application of basic ecological principles such as diversity, competition and facilitation. Intercropping has been reported to enhance yield and yield stability (Willey 1979), increase resource use efficiency, especially of nitrogen (Jensen 1996), reduce weed infestation (Hauggaard-Nielsen et al. 2001) and the occurrence of plant diseases and pests (Altieri 1999). Intercropping may also influence subsequent nutrient losses e.g. by reducing the nitrate leaching potential after grain legumes (Hauggaard-Nielsen et al. 2003). The aim of this three-year study was to determine the effects of intercropping barley [Hordeum vulgare] and grain legumes (pea [Pisum sativum], faba bean [Vicia faba], narrow-leaved lupin [Lupinus angustifolius]) in organic systems on two soil types in Denmark on yield performance, nitrogen (N) use, weed growth, leaf diseases, and grain quality. 

Methodology

The field experiments were carried out in 2001-2003 at two different sites in Denmark: on a sandy loam soil and a sandy soil. The temperatures were comparable at the two sites, whereas a higher rainfall was measures at the sandy soil site, especially in June, during the growing season. Two field pea cultivars (Agadir (A) and Bohatyr (B)), faba bean (Columbo) and narrow-leafed lupin (Prima) were grown as sole crops (SC) and in a two species intercrops with two spring barley cultivars (Otira (O) and Lysiba (L)). The experimental plots were laid out in complete one-factorial randomized block designs in four replicates. The intercrop design was based on the proportional replacement principle, with mixed grain legume and barley grain sown at the same depth in the same rows 12.8 cm apart at relative frequencies of 50:50. An extra barley sole crop treatment fertilized with 5 g N m-2 in the form of urea, was included. In some years additional ICs consisting of three (33:33:33) and four species (25:25:25:25) intercrops were included. Crops were cultivated according to organic management practice. Diseases were scored following natural inoculation from surrounding areas. The crops were hand harvested at maturity (1m2), in early August, and separated into three fractions, i.e. grain legume, barley and weeds. The samples were dried at 70 (C to constant weight and dry matter (DM) production was determined. Total N and 15N contents were determined using an elemental analyzer coupled to an isotope ratio mass spectrometer and the acquisition of N from different sources was estimated using the natural abundance method (Peoples et al. 1997). Data was analyzed statistically using analysis of variance and LSD0.05 were used for comparison, when main effects or interactions were statistically significant. 

Results and brief discussion 

Combined intercrop grain yields were comparable to grain yields of sole cropped pea, but significantly greater than sole cropped lupin, fababean and barley yields (Fig. 1). In descending order, the greatest grain yields were obtained for intercrops containing pea, faba bean and lupin. Pea was the dominant intercrop component on both soil types with no significant difference between cultivars. Faba bean dominated in the intercrop on the sandy loam soil, but not on the sandy soil. Lupin was suppressed by barley at both sites. Land Equivalent Ratios (LER) (Willey 1979) varied between 1.09 and 1.36 indicating strong complementarity and advantage from intercropping. In contrast to results from Jensen (1996) yield stability of intercrops was not greater than that of grain legume sole crops, with the exception of the intercrops holding faba bean (Fig. 1).
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Figure 1. Average grain yields, yield stability (indicated below the x-axis as %CV on average yields) of sole (SC) and intercrops (IC) of two pea cultivars (Agadir and Bohatyr), barley (Otira), faba bean and lupin, grown at two study sites (a and b) during 2001-2003. Measures of intercropping advantage estimated using the Land Equivalent ratio (LER) are given on the top of IC bars. LSD0.05 between crop treatments is given by floating bars.

The proportion of plant N derived from N2 fixation by the grain legumes was on average 10% greater when intercropped compared to sole cropped (Table 1), fababean and lupin increasing the proportion up to 20% (data not shown). Intercropped barley was able to take up a more than proportionate share of available soil N, thus forcing the grain legumes to to fulfill their N demand through atmospheric N2 fixation. In the intercrops N2 fixation per area decreased with increasing barley suppression of the pea. Thus, indicating that the barley L cultivar is better suited for intercropping than the O cultivar. The N2 fixation of faba bean and lupin were to a greater extent reduced by competition from barley than was the case for both pea cultivars (data not shown). Intercrops utilized the soil N sources as efficiently as did the sole crops. Soil N balances showed that in the long term grain legume-cereal intercrops are not likely to increase soil inorganic N levels, but rather deplete them, although at a slower rate than in barley sole cropping (Table 1). 

Weed infestation levels in the intercrops were comparable to the barley SCs, pea SCs and pea ICs but decreased compared to the fababean and lupin ICs grown on the sandy loam soil (Fig. 2). The data confirm that intercropping may be a means to reduce weed infestation in grain legumes on soils with high weed pressure. Barley–grain legume intercropping affected disease severity compared to sole cropping. Net blotch (Pyrenophora teres) was the most serious disease on barley during all three years (up to 25% leaf area affected). Up to 10% Ascochyta blight was observed on pea. Chocolate spot was the most serious disease on faba bean (up to 25% leaf area affected). Botrytis and brown spot were observed on lupin in the sandy soil, but at very low levels. A general reduction (by a minimum of 20%) in disease was observed in all intercrop systems compared to the corresponding sole crop (data not shown). The magnitude of the reduction varied according to 1) dispersal mechanism of the diseases, 2) height of the crops and 3) anatomy of the accompanying crop e.g. full leaf pea gave larger reduction than semi-leafless pea. For net blotch it was analyzed, whether increasing the crop diversity up to four species would further reduce net blotch in barley, but there was no effect of increasing diversity beyond two species ICs (Fig 3). 
Table 1. Total nitrogen and soil N uptake in sole and intercrops of two barley (Otira and Lysiba) and two pea cultivars (Agadir and Bohatyr). N2 fixation and the %N derived from N2 fixation by the corresponding legumes. Soil N balance for each crop treatment calculated as N inputs from sown seeds and N2 fixation by pea minus grain N output. For further information see figure 1.

	Cropping strategy
	Total N 
	Soil N 
	N2 fixation 
	% N derived from N2 fixation
	Soil N balance g N m-2

	
	g N m-2
	
	

	SC Barley O
	5.0
	5.0
	-
	-
	-3.8

	SC Barley L
	4.5
	4.5
	-
	-
	-3.3

	SC Pea A 
	20.5
	6.0
	14.5
	61
	1.9

	SC Pea B
	19.2
	5.7
	13.5
	62
	2.0

	IC Barley O x Pea A
	14.6
	5.1
	9.5
	68
	-0.3

	IC Barley O x Pea B
	14.1
	5.5
	8.6
	68
	-0.6

	IC Barley L x Pea A
	17.5
	5.0
	12.5
	72
	0.6

	IC Barley L x Pea A
	17.7
	4.6
	13.1
	70
	1.3

	LSD0.05
	3.6
	1.8
	2.9
	-
	1.4
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Figure 2. Weed biomass in sole and intercrops of pea, barley, faba bean and lupin (for further information see figure 1). 

The effect of intercropping with fababean and lupin did generally not influence the grain quality of barley however, the grain N concentration of barley intercropped with pea was significantly higher than that of the comparable sole crops. An intercropping effect that was greater that the effect of N fertilization (Fig. 4). The reason for this effect on protein concentration is likely due to be the result of competition between species. Since grain legumes compete less efficiently for soil N sources than cereals relatively more soil N is available to the cereal, but since grain legumes compete for other growth factors, such as light, water and non-N nutrients, cereals may not increase their yield in direct proportion to the amount of N available. Thus, the N concentration in DM is enhanced. Intercropping seems to be a interesting method for securing higher levels of protein in cereals grown in low input agriculture.  

Conclusions

We conclude that the intercropping of arable crops has great potential in organic cropping systems. Intercropping may enhance and stabilize yields, reduce weeds and plant diseases and improve resource use. Improved understanding of the ecological mechanisms associated with planned spatial diversity including additional benefits with associated diversity will potentially enhance the benefits achieved from intercropping. 
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Figure 3. Effect of two-, three- and four-component intercrops of barley, lupin, faba bean and pea on incidence of barley net blotch.* Disease incidence measured as Area Under Disease progress Curve (AUDPC). Different letters indicate significant  (P<0.05) differences using the Kruskal-Wallis test. For further information see figure 1.
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Figure 4. Nitrogen concentration of grain from barley grown as sole and in intercrop with pea, faba bean or lupin. Barley + indicates treatments of sole crop barley with addition of 5 g N m-2. For further information see figure 1.
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