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Abstract

Cover crops are one of the most effective tools for organic farmers to improve the efficiency of their agro-ecosystems, while also reducing economic costs and environmental problems. The choice and usefulness of a cover crop species strictly depend on its adaptability to specific climate and soil conditions, but also on its relationships with other species (crops and weeds) and on the quality of farm management. Nine different pure species and three species mixtures were cultivated for two years as winter cover crops in a rainfed stockless arable organic cropping system as part of the MASCOT long-term experiment. Leguminous cover crops showed the highest level of biomass production in both years. Hairy vetch (Vicia villosa), either in pure stand or in mixture with grasses, was the most productive and stable species, and had the highest N uptake (ca. 200 kg ha-1). Besides, leguminous species significantly increased the content of N (up to 100%) and P (up to 50%) in weeds and associated grass crops, probably as a result of increased nutrient availability in soil through root exudates.
Introduction

Cover crops are one of the most effective tools for organic farmers to improve their agroecosystem efficiency without using expensive and environmentally risky external inputs, thereby enhancing the economic and environmental suitability of their farm management. Cover crops can play an important role in the improvement of soil organic matter content, in the supply of nutrients from biological fixation or surplus radical absorption to the following cash crops (Doran & Smith, 1991), and in weed control through competitive, physical, or allelopathic interference (Moonen & Bàrberi, 2006). Although several studies were carried out in the past 20 years on the characterisation of the most common cover crop species, there is still a lack of knowledge about their actual behaviour in the field, especially in Mediterranean environments. In fact, the benefits of cover crops strictly depend on their adaptability to specific soil and climate conditions and especially to their agronomic management.

Materials and methods

The so-called Green Manure Comparison Trial (GMCT) started in 2002 as a part of the MASCOT long-term experiment (Bàrberi & Mazzoncini, 2006), carried out at CIRAA E. Avanzi of the University of Pisa (lat. 43°41’ N, long. 10°23’ E). Climatic conditions are typical of Mediterranean areas, with a mean total rainfall ranging from 550 to 1180 mm year-1, mainly concentrated in autumn and spring. The soil is a silty-loam (Typic Xerofluvent) with low content of organic matter (OM), N and P. The aim of GMCT is to compare different species potentially usable as winter cover crops in a typical rainfed and stockless arable crop rotation (maize-durum wheat-sunflower-pigeon bean-common wheat). The main characteristics evaluated are the species adaptability to the specific soil and climate conditions, the amount and quality of biomass produced, the effect on soil nutrients and OM content, and weed suppression ability.

The GMCT was carried out in 2005/06 and 2006/07 on two organically managed MASCOT fields, with grain maize and sunflower as subsequent cash crops, according to a RCB design with four replicates. In the first year, a weedy control and eight different cover crops (Avena sativa, Brassica juncea, Phacelia tanacetifolia, Secale cereale, Trifolium incarnatum, Trifolium squarrosum, Vicia faba var. minor and Vicia villosa) were compared in pure stands. Two mixtures (A. sativa + T. incarnatum and V. villosa + S. cereale) were also included. In the second year, rye was replaced by barley (Hordeum vulgare), both in the pure stand and in mixture with hairy vetch. A mixture of T. squarrosum and A. sativa was also included. Cover crops were broadcast seeded in early autumn and ploughed under in early April by means of a disc harrow. Cover crops did not receive any fertilisation, crop protection or direct weeding measures. Dry matter biomass and N and P data were subjected to ANOVA (RCB design) and subsequent Duncan Multiple Range test at P ≤ 0.05 for mean separation.

Results and discussion

Tab. 1: Cover crops, weeds and total dry biomass (t ha-1) production at the date of cover crop ploughing under (7 April 2006 and 12 April 2007)

	Species1
	2005/06 season
	2006/07 season

	
	Cover crop biomass
	Weed biomass
	Total biomass
	Cover crop biomass
	Weed biomass
	Total biomass

	A. sativa
	1.57 de
	0.55 c
	2.12 cd
	1.30 d
	1.04 cd
	2.34 e

	B. juncea
	1.82 d
	0.81 bc
	2.63 bcd
	2.74 cd
	1.81 bc
	4.55 cd

	H. vulgare
	-
	-
	-
	1.54 d
	0.97 cd
	2.51 e

	P. tanacetifolia
	0.86 de
	1.18 bc
	2.04 cd
	1.55 d
	3.15 ab
	4.70 cd

	S. cereale
	0.57 e
	0.64 bc
	1.21 d
	-
	-
	-

	T. incarnatum
	4.06 abc
	0.95 bc
	5.01 a
	5.42 b
	1.18 cd
	6.60 ab

	T. squarrosum
	3.11 c
	1.10 bc
	4.21 ab
	6.80 ab
	0.92 cd
	7.72 a

	V. faba minor
	3.33 bc
	2.39 b
	5.72 a
	3.49 c
	1.74 bc
	5.23 bcd

	V. villosa
	5.25 a
	0.32 c
	5.57 a
	5.69 ab
	0.56 cd
	6.25 abc

	Mix 1
	-
	-
	-
	7.45 a
	0.19 d
	7.64 a

	Mix 2
	3.71 bc
	0.25 c
	3.96 abc
	5.97 ab
	0.22 d
	6.19 abc

	Mix 3
	4.38 ab
	0.33 c
	4.71 a
	-
	-
	-

	Mix 4
	-
	-
	-
	7.37 a
	0.11 d
	7.48 a

	Control
	-
	4.37 a
	4.37 ab
	-
	3.51 a
	3.51 de

	F test 2
	**
	**
	**
	**
	**
	**


1 Mix 1: A. sativa + T. squarrosum; Mix 2: A. sativa + T. incarnatum; Mix 3: V. villosa + S. cereale; Mix 4: V. villosa + H. vulgare; 2 ** Significant at P ≤ 0.01. In each column, values with the same letter are not significantly different at P ≤ 0.05 (Duncan Multiple Range Test).

As shown in Table 1, for each parameter there were significant differences between treatments in both years. Leguminous crops produced the highest biomass, thanks to their not being affected by low soil N content. Among them, hairy vetch (V. villosa), either in pure stand or mixture, showed the highest biomass production in both years. In the second year, the A. sativa + T. squarrosum mixture also gave a good result. S. cereale, H. vulgare and P. tanacetifolia had some difficulties during emergence and early growth because of the suboptimum soil conditions, which resulted in lower biomass yield. Cover crop mixtures containing hairy vetch were the most weed suppressive.

Tab. 2: Cover crops and weeds nitrogen content and total N uptake at the date of cover crop ploughing under (7 April 2006 and 12 April 2007)

	Species1
	2005/06 season
	2006/07 season

	
	Cover crop N (%)
	Weeds N (%)
	Total N uptake (kg ha-1)
	Cover crop N (%)
	Weeds N (%)
	Total N uptake (kg ha-1)

	A. sativa
	1.09 e
	1.23 de
	23.70 ef
	1.15 d
	1.62 cdef
	31.80 d

	B. juncea
	0.90 f
	1.63 c
	28.77 ef
	0.84 e
	1.34 fg
	47.27 d

	H. vulgare
	-
	-
	-
	1.06 de
	1.49 def
	30.78 d

	P. tanacetifolia
	0.96 ef
	1.53 cd
	23.86 ef
	0.80 e
	1.08 g
	46.42 d

	S. cereale
	1.41 d
	1.62 c
	18.22 f
	-
	-
	-

	T. incarnatum
	3.04 b
	1.77 c
	139.65 bc
	2.61 bc
	1.42 efg
	158.22 c

	T. squarrosum
	3.04 b
	1.86 c
	106.27 cd
	2.46 bc
	1.66 cdef
	182.55 bc

	V. faba minor
	3.03 b
	1.80 c
	143.65 bc
	2.82 b
	2.01 bc
	133.39 c

	V. villosa
	3.66 a
	2.65 b
	195.95 a
	3.63 a
	2.68 a
	221.56 ab

	Mix 1
	-
	-
	-
	2.38 bc
	1.81 cde
	180.75 bc

	Mix 2
	2.49 c
	1.64 c
	97.38 d
	2.32 c
	1.90 cd
	142.68 c

	Mix 3
	3.75 a
	3.15 a
	175.60 ab
	-
	-
	-

	Mix 4
	-
	-
	-
	3.40 a
	2.54 ab
	253.37 a

	Control
	-
	1.20 e
	53.31 e
	-
	1.35 fg
	47.39 d

	F test 2
	**
	**
	**
	**
	**
	**


1 Mix 1: A. sativa + T. squarrosum; Mix 2: A. sativa + T. incarnatum; Mix 3: V. villosa + S. cereale; Mix 4: V. villosa + H. vulgare; 2 ** Significant at P ≤ 0.01. In each column, values with the same letter are not significantly different at P ≤ 0.05 (Duncan Multiple Range Test).

Hairy vetch and its mixtures were also the most effective treatments in terms of N uptake (Table 2). Weeds had a higher % N content in hairy vetch than in the other plots (by an average of +82% in 2005/06 and +66% in 2006/07), suggesting a consistent release of N to the soil from degradation of fallen leaves and from root exudates of hairy vetch. P content (data not shown) gave similar results. Nutrient release from leguminous species was also evident when looking at N and P content of companion grass species in the mixtures (Table 3). In 2005/06, only the hairy vetch effect was significant (increases of +81% and +45% respectively in N and P content of rye), while in 2006/07 T. squarrosum (+50% of both N and P content of oats) and T. incarnatum (+33 and +22% in oats respectively) also gave good results.

Tab. 3: Effect of mixture on biomass production (t ha-1 d.m.) and N and P content of cover crops species
	Species1
	2005/06 season
	2006/07 season

	
	Biomass 
	N (%)
	P (%)
	Biomass
	N (%)
	P (%)

	A. sativa
	1.57
	1.09
	0.28
	1.30
	1.15 c
	0.27 c

	A. sativa (Mix 1)
	-
	-
	-
	0.54
	1.76 a
	0.40 a

	A. sativa (Mix 2)
	0.98
	1.45
	0.32
	0.80
	1.53 b
	0.33 b

	S. cereale
	0.57 a
	1.41 b
	0.31 b
	-
	-
	-

	S. cereale (Mix 3)
	0.11 b
	2.55 a
	0.45 a
	-
	-
	-

	H. vulgare 
	-
	-
	-
	1.54
	1.06 b
	0.21 b

	H. vulgare (Mix 4)
	-
	-
	-
	0.51
	2.49 a
	0.41 a


1 Mix 1: A. sativa + T. squarrosum; Mix 2: A. sativa + T. incarnatum; Mix 3: V. villosa + S. cereale; Mix 4: V. villosa + H. vulgare. For each species and its mixtures, values with the same letter are not significantly different at P ≤ 0.05 (Duncan Multiple Range Test).

Conclusions

Leguminous cover crops gave the highest biomass yield in both years. Hairy vetch was consistently the best species in terms of biomass production and nutrient uptake, and also increased nutrient content in companion plants in mixtures. Cover crop mixtures exerted the highest weed control suppression.
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