16th IFOAM Organic World Congress, Modena, Italy, June 16-20, 2008
Archived at http://orgprints.org/12010

Effects of green-manure and organic fertiliser on organic maize (Zea Mays L.) in south Tuscany
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Abstract

Green-manure in Mediterranean stockless organic farms is a useful tool to improve nitrogen availability, reduce production cost and conserve soil fertility. A 2-year on farm research was carried out in Tuscany (Italy) to evaluate the effect of 3 different green manures (Hordeum v. + Avena s. mixture, Trifolium s. + Avena s. mixture, Vicia faba var. minor) and 2 levels of organic N fertilization (0 and 120 Kg N ha-1) on maize in 2004 and 2005. Green manures were ploughed into the soil in April 2004 and organic fertiliser was applied before sowing; neither green manure nor fertilizers were applied in 2005 to evaluate the residual effect of the treatments. The effect of the distribution of organic fertilizer was not efficient in comparison to green-manure. Field-bean increased maize productivity in both the years thanks to an increase in N availability as suggested by its total N uptake that exceeded the uptake of maize after control by 19.5 and 14,3 Kg N ha-1 in the first and second year. In our experimental conditions, with low organic matter and nitrogen content in the soil, the use of grasses as green-manure caused temporary immobilisation of N and maize yield reduction. 

Introduction

Italian organic farms, as typical of Mediterranean areas, are often managed without animal husbandry. Even though the exclusion of animal husbandry turns into simplification of farm management, stockless farming systems often suffer from insufficient nitrogen availability to crops (Bulson et al., 1996). For these reasons organic nitrogen fertilisers application is very common under Mediterranean conditions. Generally farmers prefer to use these fertilisers instead of to introduce green manure in their crop rotations. In this context, the use of green manure together with adequate residue management and crop rotation could be useful to conserve or increase soil fertility, promote nutrient cycling at farm scale and reduce the external inputs (Drinkwater et al, 1998; Melero et al., 2006). The aim of this study, partly funded by ARSIA, was to evaluate the effect of 3 different types of green manure crops interacting with 2 levels of organic fertilization on the productivity of maize in 2004 and to assess the residual effect on the same crop repeated in the following year (2005).

Materials and methods
The field experiments were carried out at a farm located in Grosseto province (Tuscany, Italy), under organic management since 1989. The soil has the following characteristics: sand 57%, silt 25%, clay 18%; pH 6,1, organic matter 1,8%, total N 0,9 ‰, available P 8,3 ppm. The experimental plots (15x25m) have been realized within a farm field that has followed a 7 year crop rotation (alfa-alfa 3y - hard wheat – annual mixed grass – field bean - maize). The management of soil fertility includes recourse of commercial organic fertilisers. The field trial was laid out in a strip-plot block design with two replicates; the main factor was the green-manure specie (Hordeum vulgare+Avena sativa mixture, Trifolium suarrosum+avena sativa mixture, Vicia faba var. minor, control without green manure) and the secondary factor was the nitrogen fertilization: 0 and 120 kg N/ha distributed before seeding using a commercial fertilizer based on vegetable and animal organic matter material. The green-manure crops were sown the 2/10/03 after a harrowing at the following seed density: barley+oat at 100+50 Kg ha-1 respectively, clover+oat at 100+35 Kg ha-1 respectively and field faba at the rate of 200 Kg ha-1. The burial of green-manure crop was done on 23/04/04 using a disk-harrow and subsequent ploughing at 35 cm deep. The sowing of maize (cv Campanero) took place on the 26/04/04 with an investment of 7 plant m-2 (70 cm inner row). Mechanical weeding has controlled weeds. None protection treatment was done, while 1500 m3 of irrigated water was provided in 5 times. The maize was harvested the 15/10/04. At the following spring, the maize was sown the 28/04/05 after preparation of sowing bed and grown without any input of fertilizer. The green manure biomass production (DM) and N content (%) was determined before their burial; maize total biomass, grain and residue production (DM) N content were measured. Analysis of variance (ANOVA) was applied to crop yield, N concentration and uptake data using SAS statistical procedures. A strip plot design was used and least significant differences (LSD) were calculated at P≤ 0.05 to evaluate difference between means.

Results and discussion

The characteristics of green-manure crops before incorporation are shown in table 1.

Tab. 1: Green-manure crop characteristics as determined in spring 2004
	
	biomass

(DM t ha-1)
	N concentration

(%)
	N content

(Kg ha-1)
	C/N

	barley + oat
	9.0
	0.8
	b
	72.6
	b
	49.8
	a

	clover + oat
	9.3
	0.8
	b
	71.6
	b
	51.9
	a

	field bean 
	7.4
	1.6
	a
	116.7
	a
	25.4
	b

	
	n.s.
	(*)
	
	(*)
	
	(*)
	


(*) significant for P<0.05

The biomass production was not different among green-manure crops even if mixtures had a tendency to be more productive. Field bean showed a statistically higher nitrogen concentration that directly affected the N content (116 kg ha-1) and the C/N ratio that was more balanced respect to the mixture. The poor results of clover+oat have to be related to the poor stand and development of the clover. The results of maize production in relation to green manure species and nitrogen fertilization in 2004 are shown in table 2. The interactions between the two factors (green-manure and nitrogen fertilizers) did not highlighted differences statistically significant between treatments. However, maize grain yields and residues productions, was positively influenced by the field bean green-manure at both levels of nitrogen fertiliser, especially at N0. Looking at the mean effects, nitrogen fertiliser had no significant influence on maize production, nitrogen concentration and uptakes. On the contrary, the effect of green-manure was decisive and meaningful for all these parameters, except for the average nitrogen concentration in maize cob. Compared to control, field bean green-manure increased maize total biomass and grain production of about 30% and 37% respectively, while it has not produced significant increases in tissue N concentration, except for crop residues. The total N uptake of maize after field bean was much higher than the other treatments. Respect to control, the difference in N uptake was 19,5 kg N ha-1. The other green-manure (barley+oat and clover+oat) have had a negative effect on maize productivity, N concentration and uptake; this effect was more evident in the barley+oat mixture. Comparing total N uptake of maize after mixtures with control (-15,9 and 22,8 kg N ha-1 for clover+oat and barley+oat respectively), it is possible to assume that, in our experimental context, more grass species are included in the green-manure mixture more nitrogen availability is reducing for maize. The reason for these results could be identified in the high C/N values of the green-manure biomass, which has prevented a rapid attack by the soil micro-organisms, reducing N availability for the cultivation of maize during the demanding phases of its development cycle. These assumptions are confirmed by the results of the second succession harvested in 2005 (Tab. 3).

Tab. 2: Effects of green-manure and fertilisation on maize in 2004
	 
	DM (t ha-1)
	N concentration (%)
	N content (Kg/Ha)

	 
	R
	G
	tot
	R
	G
	cob
	R
	G
	tot

	N0xG1
	1.7
	
	2.4
	
	4.1
	
	0.6
	
	1.3
	
	0.5
	
	10.5
	
	31.8
	
	42.3
	

	N0xG2 
	1.9
	
	2.6
	
	4.5
	
	0.6
	
	1.4
	
	0.6
	
	11.7
	
	37.5
	
	49.2
	

	N0xG3
	3.3
	
	4.1
	
	7.4
	
	0.8
	
	1.5
	
	0.5
	
	24.9
	
	59.8
	
	84.7
	

	N0xC
	2.6
	
	2.8
	
	5.4
	
	0.7
	
	1.7
	
	0.6
	
	18.7
	
	46.4
	
	65.1
	

	N120xG1
	1.8
	
	2.5
	
	4.2
	
	0.6
	
	1.4
	
	0.4
	
	10.4
	
	35.5
	
	45.9
	

	N120xG2
	2.3
	
	2.7
	
	4.9
	
	0.6
	
	1.4
	
	0.5
	
	14.2
	
	38.5
	
	52.7
	

	N120xG3
	2.9
	
	4.0
	
	6.9
	
	0.8
	
	1.7
	
	0.5
	
	21.0
	
	67.2
	
	88.2
	

	N120xC
	2.5
	
	3.1
	
	5.7
	
	0.7
	
	1.6
	
	0.5
	
	17.8
	
	50.8
	
	68.6
	

	
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 

	N0
	2.4
	
	3.0
	
	5.4
	
	0.7
	
	1.5
	
	0.5
	
	16.4
	
	43.9
	
	60.3
	

	N120
	2.4
	
	3.1
	
	5.4
	
	0.7
	
	1.5
	
	0.5
	
	15.8
	
	48.0
	
	63.9
	

	
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 

	G1
	1.7
	d
	2.5
	c
	4.2
	c
	0.6
	b
	1.4
	c
	0.5
	
	10.4
	d
	33.7
	c
	44.1
	c

	G2
	2.1
	c
	2.6
	bc
	4.7
	c
	0.6
	b
	1.4
	bc
	0.5
	
	13.0
	c
	38.0
	c
	51.0
	c

	G3
	3.1
	a
	4.1
	a
	7.2
	a
	0.8
	a
	1.6
	ab
	0.5
	
	22.9
	a
	63.5
	a
	86.4
	a

	C
	2.6
	b
	3.0
	b
	5.5
	b
	0.7
	a
	1.6
	a
	0.6
	
	18.3
	b
	48.6
	b
	66.9
	b

	
	(*)
	
	(*)
	
	(*)
	
	(*)
	
	(*)
	
	ns
	
	(*)
	
	(*)
	
	(*)
	


(R:residues; G:grain; G1:barley+oat; G2:clover+oat; G3:field bean; C:control; * signif. for P<0.05)

In the second year, the lack of positive interaction between green-manure and organic nitrogen fertilisation was confirmed as well as the lack of any positive effect of organic fertilisation on maize. According to the previous year results, the only treatment that has provoked significant effects on maize was the green-manure confirming the existence of a “residual effect”. In particular, only field-bean has shown to be able to increase maize production, N concentration and uptakes in comparison with the control and the other mixture. Looking at the total nitrogen uptake, the difference between maize after field bean and the control was 14,3 kg N ha-1. Considering that in the previous year this difference was 19,5 kg N ha-1, it is possible to conclude that field-bean has increased nitrogen availability by about 34 kg N ha-1 respect to control; 58% of this amount has been used by maize the first year and 42% in the second year. The total N uptakes of the other green-manures were not different from the control while in the first year they had a lower result. This evidence would reinforce the hypothesis of N reduced availability in the short-period when high C/N biomass are incorporated into the soil. In the second year this effect seems disappeared and the higher grain and total biomass production of maize after mixture respect to control could confirm that speculation.

Tab. 3: Residual effects of green-manure and fertilisation on maize in 2005
	 
	DM (t ha-1)
	N concentration (%)
	N content (Kg/Ha)

	 
	R
	G
	tot
	R
	G
	cob
	R
	G
	tot

	N0xG1
	3.7
	
	3.5
	
	7.2
	
	0.6
	
	1.3
	
	0.5
	
	22.9
	
	45.1
	
	68.0
	

	N0xG2 
	3.5
	
	3.4
	
	7.0
	
	0.6
	
	1.3
	
	0.5
	
	21.3
	
	44.4
	
	65.7
	

	N0xG3
	3.8
	
	3.7
	
	7.5
	
	0.8
	
	1.4
	
	0.4
	
	28.6
	
	52.2
	
	80.8
	

	N0xC
	3.0
	
	2.9
	
	5.9
	
	0.7
	
	1.4
	
	0.4
	
	21.0
	
	41.4
	
	62.4
	

	N120xG1
	3.7
	
	3.6
	
	7.4
	
	0.6
	
	1.5
	
	0.5
	
	22.5
	
	54.2
	
	76.7
	

	N120xG2
	3.4
	
	3.4
	
	6.8
	
	0.6
	
	1.6
	
	0.5
	
	21.5
	
	53.2
	
	74.7
	

	N120xG3
	3.8
	
	3.6
	
	7.4
	
	0.8
	
	1.7
	
	0.5
	
	28.5
	
	60.9
	
	89.5
	

	N120xC
	3.2
	
	3.1
	
	6.4
	
	0.7
	
	1.6
	
	0.5
	
	22.1
	
	49.0
	
	71.1
	

	
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 

	N0
	3.5
	
	3.4
	
	6.9
	
	0.7
	
	1.4
	
	0.5
	
	23.5
	
	45.8
	
	69.2
	

	N120
	3.5
	
	3.4
	
	7.0
	
	0.7
	
	1.6
	
	0.5
	
	23.7
	
	54.3
	
	78.0
	

	
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 
	ns
	 

	G1
	3.3
	bc
	3.3
	b
	6.7
	b
	0.6
	c
	1.4
	b
	0.5
	
	20.5
	b
	46.3
	b
	66.7
	b

	G2
	3.5
	ab
	3.4
	b
	6.9
	b
	0.6
	c
	1.4
	b
	0.5
	
	21.4
	b
	48.9
	b
	70.3
	b

	G3
	3.7
	a
	3.6
	a
	7.3
	a
	0.8
	a
	1.6
	a
	0.5
	
	28.1
	a
	56.6
	a
	84.7
	a

	C
	3.2
	c
	3.1
	c
	6.3
	c
	0.7
	b
	1.5
	a
	0.5
	
	22.9
	b
	47.5
	b
	70.4
	b

	
	(*)
	
	(*)
	
	(*)
	
	(*)
	
	(*)
	
	ns
	
	(*)
	
	(*)
	
	(*)
	


(R:residues; G:grain; G1:barley+oat; G2:clover+oat; G3:field bean; C:control; * signif. for P<0.05)

Conclusions

The results show the high value of the green-manure for the soil fertility of Tuscan stockless organic farms. The green-manure, in fact, is able to improve the availability of nitrogen for cash crops in succession even in the absence of fertilization. The effect of the distribution of organic fertilizer was not efficient in comparison to green-manure, showing small increases of production even at the highest level. In our experimental conditions, characterised by low organic matter and nitrogen content in the soil, the use of grasses as green-manure caused temporary immobilisation of N. The proper choice of the green-manure species adapted to the local environment and soil characteristics is a very important topics for organic farming both from the scientific and the technical point of view. 
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