16th IFOAM Organic World Congress, Modena, Italy, June 16-20, 2008
Archived at http://orgprints.org/11556

The effect of green manure on root development and cotton yield under Mediterranean conditions
Thomopoulos, P.
, Bilalis, D.
, Konstantas, A.
, Efthimiadou A.

Key words: green manure, cotton, vetch, faba bean, organic agriculture, roots
Abstract

Two experiments were conducted in Greece, during the years 2005 and 2006, in order to evaluate the effect of two legumes (vetch: Vicia sativa and faba bean: Vicia faba) on the root development and yield of the following cotton. Concerning the cotton cultivation the Organic Agriculture guidelines were followed. In both years the higher values of the root characteristics of the cotton were found in the plots where vetch had been incorporated. The seed cotton yield for vetch was 2850 and 3137 kg ha-1 in 2005 and 2006, respectively. Furthermore, in both years, a statistically important factor of correlation, between the nitrogen quantities of the soil and the seed cotton yield, had been appeared.
Introduction
The conventional agricultural methods created a lot of environmental problems. For solving these problems different approaches have been developed, such as organic farming (Scofield 1986), which consists of a rapidly developing agricultural sector. 

The use of green manure is one of the basic cultivation techniques of Organic Agriculture (OA). The legumes can be used as green manure thanks to their ability to fix atmospheric nitrogen (Hardarson and Atkins 2003). Rochester et al. 2001 reported the positive effect of legumes used as green manure to the yield of various crops. Cotton (Gossypium hirsutum) is one of the most profitable irrigated summer plants in Greece, thus it has high economic value (Karamanos et al. 2004).

During this study the effect of two legumes used as green manure (vetch: Vicia sativa and faba bean: Vicia faba) on root development and yield of the following cotton, in an organic farming system, has been examined.
Materials and methods
The experiments were carried out in 2005 and 2006 at the organic research farm of the Agricultural University of Athens. The experimental design was based on a randomized complete blocks design consisted of three treatments and four replications. The three treatments were: fertilization (green manure) with vetch, faba bean and control (no fertilizer). Moreover the soil type was clay loam.

The cotton seeds (G. hirsutum cv. Fantοm) were hand sown in rows of 80 cm apart, at the recommended seed rate, vetch (V. sativa cv. Alexandros) and faba bean (V. faba cv. Grande Aquadulce) and had been incorporated into the soil as green manure for the cotton plants. The nitrogen quantities which were added to the soil, due to the legumes, are presented in Table 1. The total nitrogen was determined by using the Kjedahl method (Bremer 1960). 

All plots were harvested manually at the recommended seed cotton moisture percentage in order to determine the seed cotton yield. Root samples were taken 104 and 94 days after the cotton sowing, during the years 2005 and 2006, from the 0-12.5 cm soil layer using a cylindrical auger. The roots were dried, weighted for their dry matter and put into a high resolution scanner to determine their root characteristics.

The data was subjected to the analysis of variance appropriate to the experiment design. Significant differences between the treatments means were separated by means of the least significant difference (LSD) at the 5% level of probability, using the “Statistica” program for windows.
Table 1: Total nitrogen (from shoots and roots) added to the soil by legumes for the culture of cotton during 2005 and 2006. 
	Treatment
	Total nitrogen in Kg.ha-1 (Shoots+Roots)

	
	Year 2005
	Year 2006

	Vetch
	211
	230

	Faba bean
	205
	217

	LSD(5%)
	5.87
	12.7


Results and Discussion
During both years, in 0-12.5 cm soil surface depth, the highest values of root dry weight, surface area and density of cotton plants (Table 2 and Table 3) were observed in the plots where vetch had been incorporated. On the other hand the lowest values were observed in the control plots. The results indicated significant differences between control and green manure, but no significant differences between vetch and faba bean. The interaction between the two years was not statistically significant.
Same tendencies were observed regarding the seed cotton yield. Specifically during 2005 and 2006 the highest values of seed cotton yield were observed in the plots where vetch had been incorporated (2850 and 3137 kg ha-1 for 2005 and 2006, respectively) followed by faba bean (2647 and 2958 kg ha-1 for 2005 and 2006, respectively) and control (2185 and 2337 kg ha-1 for 2005 and 2006, respectively) plots in decreasing order.  Between green manure types there were no statistically significant differences observed in contrast to the green manure and control which indicated statistically significant differences (Table 4). The interaction between the two years was not statistically significant.
Table 2: The effect of green manure type on root dry weight (kg ha-1), length density (cm cm-3), diameter (mm) and surface area (cm-2 cm-3) of cotton plants, in 0-12.5 cm soil depth, for 2005.

	Characteristic (cotton)
	Green manure type

	
	Control
	Faba bean
	Vetch
	LSD(5%)

	Dry weight of roots
	2819
	3737
	3986
	695

	Length density of roots
	2.90
	3.51
	3.84
	0.54

	Diameter of roots
	0.40
	0.44
	0.48
	0.045

	Surface area of roots
	0.061
	0.089
	0.107
	0.026


Table 3: The effect of green manure type on root dry weight (kg ha-1), length density (cm cm-3), diameter (mm) and surface area (cm-2 cm-3) of cotton plants, in 0-12.5 cm soil depth, for 2006.

	Characteristic (cotton)
	Green manure type

	
	Control
	Faba bean
	Vetch
	LSD(5%)

	Dry weight of roots
	2777
	3875
	4170
	831

	Length density of roots
	2.79
	3.65
	3.88
	0.65

	Diameter of roots
	0.45
	0.61
	0.58
	0.10

	Surface area of roots
	0.057
	0.097
	0.102
	0.028


The seed cotton yield appears to be related to the nitrogen that was added in the soil by the green manure. Furthermore the nitrogen added to the soil by vetch was 211 and 230 kg ha-1 for 2005 and 2006, respectively (Table 1). Moreover, during 2005 and 2006, a statistically important factor of correlation (r=0.95( and r=0.96*, n=3), concerning the quantities between the nitrogen in the soil and seed cotton yield, was observed.
In most of the root characteristics the supremacy of cotton plants that have been cultivated after the incorporation of vetch, was explicit thanks to the larger quantity, and perhaps better availability, of nitrogen in the first stages of their growth (Table 2 and Table 3).
Table 4: The effect of green manure type on seed cotton yield (kg ha-1) of cotton plants, for 2005 and 2006.

	Cotton yield
	Green manure type

	
	Control
	Faba bean
	Vetch
	LSD(5%)

	2005
	2185
	2647
	2850
	387

	2006
	2337
	2958
	3137
	475


The larger root surface area of the cotton plants after the vetch incorporation is related to the absorption of more water and through this of nutritious elements (Russell and Clarkson 1976). Karamanos et al. (2004) reported that the growth of the cotton crop root system was due to the positive effect of legumes used as green manure, as their incorporation improved the chemical and physical properties of the soil. Moreover the positive effect of the legumes on the subsequent crop yields was due to the soil enrichment with nitrogen after the incorporation of legume plant residues (Senaratne and Hardarson 1988).
Conclusions
In conclusion, the application of the green manure had a positive effect on the root growth and yield of the following cotton crop, for both years, but the differences between the cropping systems (vetch-cotton and faba bean–cotton) were not significant.
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