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Effect of green manure on weeds and soil fertility in two organic experimental agroecosystems of different ages. Results from 2 years.
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Abstract

In order to acquire more information about green manure practices in the Mediterranean environment, green-manure crops from two seasons (2003/2004 and 2004/2005) were compared and evaluated in two agroecosystems (“Old Organic” and “Young Organic”) of the Montepaldi Long Term Organic Experiment in Tuscany. Data collection included green manure crop (biomass, weeds competition capacity, N and C content), weed biodiversity on maize, and soil fertility characteristics over three periods (in October before sowing the green manure, in April before the incorporation of the green-manure in the soil, and in September at the maize harvest). The different green manure species produced no significant effects on the weeds and N% and C% in the soil. Weeds characteristics (weed species and Shannon Index) showed statistically significant differences among the two agroecosystems, even though the initial condition of the two soils were similar. 
Introduction

The maintenance and enhancement of soil fertility can be difficult in Mediterranean arable organic farms, often managed without animal husbandry. In order to maintain N balance, the use of commercial organic fertilisers has increased in Italy (Migliorini, 2005). Generally, in the conversion phase, farmers prefer to substitute chemical fertilisers with organic fertilisers (Rosset and Altieri, 1997) despite the high cost and the uncertain quality of these products. This, in contrast with Organic Agricultural principles and regulations, causes a negative organic matter balance on farm crop rotation and an increase in external inputs. The introduction of green-manure practices in the rotation is potentially a more sustainable practice, enchaining biodiversity (planned component) and soil fertility (close nutrient cycling, soil cover) on the farm level (Mäder et al., 2002). More information about these practices in the Mediterranean area are needed (Drinkwater et al, 1998): i.e. correct choice of species, biomass and N production and C/N ratio content.  All of the latter depend on their adaptability to specific soil and climate conditions, as well as on the stability of the agroecosystem (Liebhardt et al. 1989). This paper reports the findings of two years of experiments, aimed at studying N and C accumulation and availability in the soil by green manure for the maize crop in two organic experimental agroecosystems of different ages. 

Materials and methods

In the 2 years 2003/2004 and 2004/2005 green-manure crops were compared and evaluated in field trials. . The experiments were carried out in the Montepaldi Long Term Organic Experiment (MOLTE) site, active since 1991 and situated in Tuscany, in 2 organic micro-agroecosystems: a) “Old Organic” (surface area of 5.2 ha, organic since 1991) and b) “Young Organic” (surface area of 5.2 ha, organic since 2001). Both experimental areas were divided in 4 fields of 1.3 hectares (260 m x 50 m) each. Following local land use, a four-year crop rotation was adopted: green manure + maize – hard wheat + red clover – red clover – barley. The average annual precipitation and mean air temperature for 2003-2005 were 800 mm and 15.5 °C, respectively. The experimental data analyzed included: aerial biomass (DM) of different green-manure crops and weeds; the effect on maize weed biodiversity (number of individuals/m2, species/m2 and Shannon index) and soil fertility (complete analysis once a year in October; total N and total C coinciding with the incorporation of the green-manure in the soil and the maize harvest. The green-manure crops were sown in autumn (26/09/03 and 15/10/04) and then ploughed under and incorporated into the soil in early spring (6/04/03 and 10/04/04), before the preparation of the soil for seeding the maize crop. As no irrigation was provided, the maize variety (Zea mays var) chosen was in the 250/300 FAO class (95-105 days). In both years, the field trial was laid out in a split-plot block design with 4 replicates. The experimental fields changed due to crop rotation but barley always preceded the green manure crop The green-manure species and seed density were: field (horse) bean (Vicia faba L var. minor) at 180 kg ha-1, crimson clover (Trifolium incarnatum L) at 50 kg ha-1, crimson clover+oats (Avena sativa) mixture at 22,5 and 60 kg ha-1 respectively. In 2004/05, the squarrosum clover (Trifolium squarrosum L) was substituted with crimson clover at a seed density of 30 kg ha-1 and t 15 kg ha-1 in the mixture, respectively. Differences between treatments were tested using the analysis of variance (ANOVA) for the following factors: year, type of agroecosystem, green-manure species. Mean comparisons were evaluated by the Bonferroni test with SYSTAT 9 software.

Results and discussion

Green-manure crops and weeds biomass (DM t/ha), the total nitrogen and total C/N content just prior to incorporation into the soil in the two cropping seasons are shown in Table 1. Due to inconsistent pedo-climatic conditions, particularly extreme variations in day-night temperatures, the green manure productions are not high compared to other experience in Central Italy (Guiducci et al, 2004). The factor “type of agrecosystem” did not produced statistically significant difference in the majority of the green manure characteristics. The variability of green-manure and weeds biomass between the two cropping seasons is very high. In fact, the more productive green manure crop was the clover+oat mixture in 03/04 (4.94 t/ha), with the field bean in 04/05 (2.79 t/ha). There is an inverse correlation (R=-0,644) between green manure crops and weeds biomass. In fact, the more productive crops are the most efficient in weed suppression. The N accumulation was highest in the field bean in 04/05 (157 kg/ha) due to a higher nitrogen concentration and in clover+oat mixture in 03/04 (124 kg/ha) due to a higher biomass. The effect of the source of variations for year, type of agroecosystems, green-manure crops and their interactions on maize weeds highlights some statistically significant differences. In particular (Table 2), the weed species and Shannon Index among the two agroecosystems were higher in the “old organic” system than in the “young organic”. 

Table. 1: Effect of agroecosystem type and green manure species on crop and weed DM biomass production (t/ha),total Nitrogen (kg/ha) and the C/N accumulated in the total biomass in a 2 year field trial.

	
	2003/04
	2004/05

	
	GM DM
	Weed DM
	Total DM
	Ntot uptake
	C/N
	GM DM
	Weed DM
	Total DM
	Ntot uptake
	C/N

	
	Ton/ha
	kg/ha
	
	Ton/ha
	kg/ha
	

	Systems
	
	
	
	
	
	
	
	
	
	

	OO
	1.52
	1.75
	3.28
	83.45
	12.011
	1.30
	1.33a
	2.64
	91.72a
	10.415

	YO
	1.86
	2.17
	4.04
	73.75
	11.657
	1.52
	0.85b
	2.37
	76.06b
	10.494

	
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.
	*
	n.s.
	**
	n.s.

	GM
	
	
	
	
	
	
	
	
	
	

	C
	0.00c
	2.37a
	2.37b
	52.96b
	11.169bc
	0.00c
	1.38
	1.38c
	45.16c
	9.694c

	GM1
	0.47bc
	3.18a
	3.65ab
	71.38b
	11.659b
	1.28b
	1.09
	2.37b
	72.50b
	10.910b

	GM2
	4.94a
	0.52b
	5.46a
	124.13a
	14.964a
	1.57b
	0.69
	2.26bc
	60.15bc
	11.896a

	GM3
	1.37b
	1.78ab
	3.15b
	65.93b
	9.546c
	2.79a
	1.20
	3.99a
	157.75a
	9.319c

	
	**
	**
	**
	**
	**
	**
	n.s.
	**
	**
	**

	S*GM
	
	
	
	
	
	
	
	
	
	

	OO*C
	0.00
	2.25
	2.25
	57.48
	9.894cd
	0.00
	1.42
	1.42c
	51.52c
	9.706c

	OO*GM1
	0.27
	2.37
	2.65
	71.69
	12.446bc
	1.23
	1.67
	2.90abc
	94.65b
	10.350bc

	OO*GM2
	4.58
	0.82
	5.40
	130.58
	16.045a
	1.14
	0.64
	1.79c
	48.36c
	12.215a

	OO*GM3
	1.24
	1.57
	2.82
	74.04
	9.660cd
	2.83
	1.60
	4.44a
	172.33a
	9.390c

	YO*C
	0.00
	2.50
	2.50
	48.45
	12.443bc
	0.00
	1.34
	1.34c
	38.80c
	9.681c

	YO*GM1
	0.67
	3.98
	4.65
	71.06
	10.872cd
	1.33
	0.51
	1.84c
	50.35c
	11.470ab

	YO*GM2
	5.29
	0.21
	5.51
	117.67
	13.882ab
	1.99
	0.74
	2.73bc
	71.93bc
	11.577a

	YO*GM3
	1.49
	1.99
	3.49
	57.82
	9.431d
	2.76
	0.79
	3.55ab
	143.17a
	9.247c

	
	n.s.
	n.s.
	n.s.
	n.s.
	**
	n.s.
	n.s.
	*
	**
	*


(GM: green manure; OO: old organic; YO: young organic; C: control; GM1: clover; GM2: clover+oat; GM3:field bean. In 2003/04 was used Crimson clover in 2004/05 Squarrosum clover. Values are the means of 3 samples in each thesis for 4 replicates in 2 fields for 4 years; ** significant for P<0.01 and * for P<0.05).

Tab. 2: weed characteristics of the two MOLTE agroecosystem in 2 years field trials

	Systems
	Weed number
	Weed species
	Shannon Index

	
	(n/mq)
	(n/mq)
	

	Old Organic
	65,789
	4,969a
	1,262a

	Young Organic
	56,617
	3,578b
	0,953b

	significance
	n.s.
	**
	**


(Values are the mean of 3 samples in each thesis for 4 replicates in 2 fields for 2 years; ** significant for P<0.01).

The relevance of the stability of the agroecosystem on the effect of treatments is even more important considering that the initial conditions of soil fertility in the four field trials (Table 3) were not different, except for P that was higher in the old organic system and K and N nitric that were higher in young organic.

Data regarding soil N% and C% coinciding with the incorporation of green manure in April and at the harvesting of maize in September showed no significant differences statistically for the sources of variation: year, type of agroecosystem, type of green manure crop and their interactions (data not shown). This is in contrast with others researches (Thorup-Kristensen et al. 2003) that show a clear effect on soil N management, N uptake and grain yield. Probably, the no effect is due to the low production level of green-manure crops.
Tab. 3: Soil characteristics of the two MOLTE agroecosystem in 2 years field trials

	AES
	O.M. 

(%)
	N tot 

(‰)
	N nitric (ppm)
	P available (ppm)
	K exchange (ppm)
	CN

	Old organic
	1,706
	1,252
	6,350b
	62,900a
	103,475b
	8,180

	Young organic
	1,599
	1,183
	7,800a
	53,600b
	134,800a
	8,311

	significance
	n.s.
	n.s.
	**
	*
	*
	n.s.


(Values are the mean of 3 samples for 4 replicates in each fields for 2 years; ** significant for P<0.01 and * for P<0.05).

Conclusions
The maintaining of soil fertility is very important in organic farms. Green manure usage represents a viable and important practice and the correct choice of the suitable crops for the local conditions is a crucial factor in order to obtain sufficient biomass quantity and nutrient availability. In low productive organic systems, the level of stability reached after the conversion period can strongly influence the effects of green-manure biomass on weeds. However, there is not a significant effect on soil characteristics and potential productivity.  
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