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Abstract 
Intercropping berseem clover (Trifolium alexandrinum L.) may increase forage yield and free-living N2-fixing bacterial species community. Berseem clover was mixed with Persian clover (Trifolium resupinatum L.) at ratios of 1:0, 3:1, 1:1 and 1:3 and with Persian clover/ annual medic (Medicago regidula cv. Regidula) at ratio of 1:1:1 at Field Crops Department, Faculty of Agriculture, Tarbiat modares university, Tehran, Iran in 2007. Mixed ratio had significant effect on total forage yield. Total forage yield was greatest with a 1:1:1 ratio of clovers to annual medic. Total intercrop yields with clovers/ annual medic at 1:1:1 plants m–2 was 214.37g m–2 DM yields. Mixed cropping increased rhizosphere microorganisms viz. bacteria, free-living N2-fixing bacteria and Azotobacter counts. Free-living N2-fixing bacterial species and Azotobacter populations of 96 g-1 soil*103 cells and 24 g-1 soil*102 cells, respectively, obtained from mixed cropping with 1:1:1 clovers to annual medic ratios.
Introduction 

Forage legumes can be important components of sustainable crop rotations. Forage legumes access atmospheric N2 through symbiosis with a group of soil bacteria collectively called rhizobia and so require minimal N fertilizer inputs. When part of this `free' N is made available to a subsequent crop, the use of legumes in a rotation can lead to a reduction in fertilizer-N use. Berseem clover (Trifolium alexandrinum L.) is an annual leguminous forage or cover crop species well adapted to semi-arid conditions of the Mediterranean areas. It is a high-yielding, nutritious, cool-season forage crop thought to have originated in the Middle East (Knight, 1985). It is grown in pure stands or in mixtures with annual grass species for over winter grazing and for harvested forage in the spring (Martiniello, 1999; Stringi et al., 1987). Intercropping gives a greater stability of yield over monoculture (Willey and Reddy, 1981). Besides, mixed or intercropping is widely practiced by the farmers because it often gives higher cash return and total production per hectare than growing one crop alone (Kurata, 1986) and ensure greater resource use efficiency (Herrara and Harwood , 1974). Although the study of mixed or intercropping benefits and rhizosphere microbial dynamic is well established, recent research has revealed a third interaction (cropping system) that appears to be significant in terms of overall soil microbes. The objective of the present study was to measure the rhizosphere microbial changing associated with monoculture and mixed cropping of Persian/berseem clovers and annual medic to evaluate the potential mixed cropping on forage yield and soil microbes. 

Materials and methods 

Field experiment was conducted at the at Field Crops Department, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran (about1323 m Alt, 35° 48' N Lat) in 2007. The soil type at site was silty clay loam. The field plots were maintained under transitioning to organic production. Experiments followed tilled fallow, and fields were disked and harrowed before seeding. The experimental design was a randomized complete block and stand ratios of 1:0 3:1, 1:1, and 1:3 0:1 of Berseem clover: Persian clover (BP), respectively, and stand ratios of 1:1:1 of clovers to  annual medic (M) were treatments. Plots were 3 by 5 m and there were three replications. The mixedcropping design was based on the replacement principle. Samples were cut from an inner plant area of 2 m2 by hand at 5 to 7.5 cm above soil level. Shoot samples were oven dried at 70 ˚C until daily checks indicated no further decreases in weight. 

Colony form unit (CFU) numbers of various groups of rhizosphere micro-organisms viz. bacteria, N2-fixing bacterial species and Azotobacter were estimated by plate counts of aliquots from serial 10-fold dilutions. The root systems of 10 plants were gently separated from the bulk soil and the soil adhering to the roots was considered rhizosphere soil. Rhizosphere soil was shaken in Ashby's liquid medium minus carbon source, and suitable dilutions were plated on N-deficient medium to give a count of Azotobacter. TSA and Jensen's agar used for plating of two groups of microbes, micro-organisms viz. bacteria, N2-fixing bacterial, respectively. Three replicate plates were inoculated from each dilution and one dilution series was prepared per soil suspension. The plates were incubated at room temperature in the dark and the colonies emerging were counted. The morphology of the colonies on the plates was checked and the numbers of CFU were counted. 

All measured variables were assumed to be normally distributed and statistical analyses by ANOVA were performed using SAS software (SAS, 1990). The significance of difference between treatments was estimated using the LSD range test with a 0.05 if a treatment was significant.

Results
Berseem clover was roughly 3.1 times taller than Persian clover regardless of the stand ratio. The average rates of plants height were 17 and 54 cm for Persian and berseem clover, respectively. The average rates of annual medic plants height was 41.3 cm in mixed and sole cropping. Clover ratios significantly increased total fresh weight (TFW) and total dry weight (TDW). As berseem clover:persian clover ratios change from 1:0 to 1:3 TFW and TDW  yield decreased from 843.3 to 753.3 and 160.63 to 97.0 g m–2 , respectively (Table 1). Clover mixed cropping with annual medic significantly (P<0.001) increased both TFW and TDW. Total forage Dry weight m-1 was greatest with a 1:1:1 ratio of berseem/ Persian clovers to annual medic.  The greatest TFW and TDW of 1383.3 and 214.37 g forage m-1 were in the berseem clover:persian clover:annual medic ration treatment of 1:1:1 (Table 1). Result indicated that rhizosphere in Persian sole cropping compared to berseem and annual medic sole cropping has a greater Colony form unit (CFU) numbers of Free-living N2-fixing bacteria and Azotobacter (Table 1). Result showed that the effect of mixed cropping affected bacteria, N2-fixing bacteria and Azotobacter colony forming unit (CFU) numbers. CFU counts of bacteria, N2-fixing bacteria and Azotobacter were increased with mixed cropping compared with monoculture of berseem clover species and annual medic. bacteria, N2-fixing bacteria and Azotobacter CFU counts were the greatest with 1:1:1 clovers/annual medic ratios (86×105, 96 × 103 and 24 × 102 CFU g-1 rhizosphere soil, respectivily) (Table 1).
Tab. 1: fresh weight (g m-1), dry weight (g m-1), CFU, MPN of free – living nitrogen fixation bacteria and Azotobacter spp.from the rhizosphere of Persian clover (P), berseem clover (B) and annual medic (M) in sole and mixed cropping system
	Treatments
	Total Fresh weight
(g -1m)
	Total Dry weight
(g -1m)
	Bacteria

(CFU)

(g-1 soil* 105)


	MPN of N2 fixers (×103 cells)


	Population of azotobacter

(x102 cells)



	B(1:0:0)
	843.3d
	160.63b
	50c
	61c
	10c

	P(0:1:0)
	520c
	101c
	79b
	91a
	20a

	M(0:0:1)
	746.7cd
	153.18b
	25e
	40e
	30f

	BP(3:1)
	1063.3b
	175.43ab
	50c
	61c
	10c

	BP(1:1)
	933.3bc
	164.97b
	20e
	26f
	71e

	BP(1:3)
	753.3cd
	97.0c
	36c
	51d
	93b

	BPM(1:1:1)
	1383.3a
	214.37a
	86a
	96a
	24a

	MS
	226787.3
	5113.3
	1914.04
	1976.38
	165.21

	F. value
	10.29
	7.72
	209.35
	181.24
	191.87***

	significant
	***
	***
	***
	***
	***


*** Significant for P<0.001

Discussion 
In agreement with other studies (Evans, 1960; Grimes and Quasem, 1992; Kurata, 1986), intercrooping improved the growth of both berseem and Persian clovers. Both clover species had a greater herbage dry weight m-2, which may have made both clovers more competitive for light, water and nutrients when grown in the mixture with another clover species. Persian clover just produce three leaflets with long petiole that grow upright, 25-35 tall when this species of clover developed as a summer or spring annual. Therefore high supply of carbon serving in tap root in absence of the stem permit Persian clover to has a greater exudation of organic substance from the root (data not shown). The influence of plant assimilation on microbial communities has been defined in relation to the rhizosphere (Hiltner, 1904) and microbial activity stimulated by the leakage and exudation of organic substance from the root (Grayston 1997). The experiment indicated that various legumes had different influence on composition of microbial population. Plant diversity may had a greater potential on biochemical diversity of root exudates and therefore select for more diverse microbial communities. It is known well that root exudation changes the population of rhizosphere bacteria. Therefore sufficient supply of carbohydrates of plant, special root, may be able to have a greater effect on soil micro-organisms. Persian clover and berseem clover display a simple structure consisting of central tapering main root, which bears a number of branching fibrous root (Taylor,1985) but tapering main root of Persian clover is much thickened compared with berseem clover and annual medic and then has a greater supply of carbohydrates than two other legume.

Conclusions 
The present experiment shows that biomas production and the population of the rhizosphere bacterial were affected by both plant species and kind of cropping system. We conclude that probably various root exudations of the different plant species caused the alteration of the composition of microbial population. Studying the diversi-fied agricultural production systems association with soil micro organism would provide more information to obtain improved crop, increased productivity and development of sustainable management of soil fertility.
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