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ABSTRACT

The aims of our study were to compare the effectiveness of green manure (GM) and inoculant's of a

mycorriza to establish the most efficient dose of biofertilizer for a soil cultivated with sunflower (Helianthus

annus L. cv. Alestar), with respect to improving plant performance. Organic sunflower consists of a new

industrial crop product. Field experiments were conducted to determine the effects of green manure and

mycorriza on the growth (yield and N. P. K, oil content) of sunflower plants (alestar). The experiment was

designed as a split plot design with three replicates, 8 main plots [Chemical fertilizer , berseem clover (B),

Persian clover (P), Medicago (M), 3(B)+1(P), 1(B)+1(P), 1(B)+3(P) and 1 (B)+1 (P)+1(M)] and two inoculation

sub-plots (inoculation and non inoculation). Positive effect of green manure and mycorriza in the N. P. K

content and oil yield of sunflower. Soil microbial biomass, Soil organic C, total N and available P and K in

soil.  Green manures and mycorriza increased yield, yield component and dry matter, Soil microbial biomass,

Soil organic C and total N in year 2008 into year 2007. Yield of sunflower crop was significantly increased

by the mycorriza, finally, green manures increased the oil precentage, Soil microbial biomass, Soil organic C

and total N into chemical manure at both year 2007 and 2008, with most significant impact the time when

berseem clover applied to soil. Finally Green manure and mycoriza practices also significantly increased the

proportion of organic C, oil yeld and leaf and seed N, P content. 
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Introduction

     Maintenance of soil organic matter is important for the long-term productivity of agro ecosystems (Goyal

et al., 1999). For this reason, the application of organic wastes rich in organic matter to soil, such as animal

manure (Haynes and Naidu, 1998), sewage sludge (Fließbach et al., 1994; Albiach et al., 2001), compost

(Sikora and Enkiri, 1999; Tejada and Gonzalez, 2003), crop residues (De Neve and Hofman, 2000; Trinsoutrot

et al., 2000), by-products with high organic matter content (Madejon et al., 2001; Tejada and Gonzalez, 2004),

etc. is a current environmental and agricultural practice for maintaining soil organic matter, reclaiming degraded

soils and supplying plant nutrients. legumes are thought to be superior to non-legume green manure crops,

because they show an exceptional ability to utilize rather inaccessible soil phosphorus (P) and potassium (K)

fractions (Yadvinder-Singh et al., 1992),  thus improving availability of P and K to subsequent crops, and

improve soil physical properties, through the addition of organic matter (Wade and Sanchez, 1983; Smith et

al., 1987), which may be as important to the maintenance of soil fertility as the improved availability of
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nutrients (Stephens, 1967). The application of green manures to soil is considered a good management practice

in any agricultural productionsystem because can increase cropping system sustainability by reducing soil

erosion and ameliorating soil physical properties (MacRae and Mehuys, 1985; Smith et al., 1987), by increasing

soil organic matter and fertility levels (Doran and Smith, 1987; Power, 1990), by increasing nutrient retention

(Drinkwater et al., 1998; Dinnes et al., 2002), and by reducing global warming potential (Robertson et al.,

2000). The application of green manures to soil is considered a good management practice in any agricultural

production system because stimulate soil microbial growth and activity, with subsequent mineralization of plant

nutrients (Eriksen, 2005), and therefore increase soil fertility and quality (Doran et al., 1988). Leguminous and

non-leguminous plants are used as green manures. Leguminous green manures can fix large quantity of

atmospheric N2 and can provide useful amounts of organic matter on soil. Green manuring is the process of

turning a crop into the soil, whether originally intended or not, irrespective of its state of maturity, for the

purpose of affecting some agronomic improvement (Mac Rae and Mehuys, 1985). Green manures are known

to increase soil N and P availability for the following crop and at the same time, contribute to the conservation

of soil organic matter and soil biological, physical and chemical properties (Mac Rae and Mehuys, 1985; Mc

Vay et al., 1989). Leguminous plants form symbiotic associations with Rhizobium bacteria in order to fix N2.

This fact causes that the green manures, which their principal component are leguminous plant debris, supply

to the soil important amounts of N in relation to the green manures obtained from non-leguminous plants.

berseem clover, Persian clover and Medicago are legume species well adapted to the soil and climate

conditions of Mediterranean. They can also be cultivated as plants for green manure. berseem clover, Persian

clover and Medicago can be seeded at the beginning of October and then ut and incorporated into the soil at

the end of April. Data btained by other researchers (Bilalis et al., 2005; Mohammad nd Mahmood, 1997;

Sangakkara et al., 2004) clearly demonstrated the beneficial effects of legumes on the yields of the following

crops (wheat, barley, canola, maize, mustard and rice). Arbuscular mycorrhizal fungi (AMF) are undoubtedly

a vital component of the belowground system and their impact on the yield and sustainable agricultural systems

has been largely documented (Srivastava et al., 1996). Providing a direct physical link between the soil and

plant roots, arbuscular mycorrhizal fungi (AMF) are important rhizospheric microorganisms. They can increase

plant uptake of nutrients, especially relatively immobile elements such as P, Zn, and Cu (Tinker and Gildon,

1983), and consequently increase the root and shoot biomass and improve plant growth. The effects of AMF

on the micro- biological properties of the soil described in the literature are inconsistent (Hodge, 2000;

Johansson et al., 2004). There are many positive (Van Aarle et al., 2003; Wamberg et al., 2003; Langley et

al., 2005), negative (Lo’pez-Gutie’rrez et al., 2004; Langley et al., 2005), and no (Kim et al., 1998). The key

to achieving the maximum benefit from crotalaria green manure is synchronization of N release from

decomposing green manure with the demands of the subsequent crop (Myers et al., 1997). In addition to

moisture, temperature, and aeration of the soil, the rate of N release from green manure debris is in fenced

by quantity, quality, placement, and degree of incorporation into the soil. Immature plant material usually

decomposes faster than mature material (Yadvinder-Singh et al., 1992), and residues incorporated into the soil

are mineralized more readily than surface-applied residues (Wilson and Hargrove, 1986). Sunflower crop is

important for farmers since it brings in significant income. The aim of this study is to determine the effects

of (a) green manure and (b) mycorriza on plant characteristics and oil content of organic sunflower crop.

Materials and methods

Field experiments were conducted at the Agronomy College Tarbiat Modares Agricultural University,

Tehran, Iran (35° 44 N, 51° 10 E, and altitude 1352 m). During the dry season (2007 and 2008), the

experimental sites were located in a semi-arid region with a mean annual rainfall of 270 mm. The rainfall is

restricted to 5 months per year, since November to February, with negligible rainfall during spring and no

rainfall in summer (May to August). The average maximum temperature from May since July is very high

(26.5– 44 °C), with a mean of 27 °C. In October, temperature falls down to a minimum of 12 C, and reaches

a maximum of 48 C in August. The experimental soil was an Alfisol, sandy loam in texture, neutral in pH,

of 2.1% organic matter content, 28.87 mg kg  available phosphorus, 152.47 mg kg  alkali hydrolysable-1 -1

nitrogen and 138.89 mg kg  available potassium. The soil was kept fallow for a year to reduce endogenous-1

mycorrhizal fungi through to eliminate propagules and decomposition the of root debris of previous crop. Since

mycorrhizal spore propagules extracted from the native soil were extremely low (2–3 kg ), no attempt was-1

made to fumigate the soil. The experimental design was a randomized split-plot design with three randomized

complete blocks; including randomized block design with 8 of manure (Chemical fertilizer , berseem clover

(B), Persian clover (P), Medicago (M), 3(B)+1(P), 1(B)+1(P), 1(B)+3(P) and 1 (B)+1 (P)+1(M) replicated three

times and with two mycorrhizal treatments [(with AM Glomus mosseae and without AM, M )]. During the_

experiments weeds were controlled three times by physical removal from experimental units.
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2.1. Mycorrhizal inoculum

The mycorrhizal fungus inoculants consisted of spores and hyphal root fragments from the stock culture

of Glomus mosseae. The dose of inoculums (125 spore's mL of inoculum) was 50gm . The soil was kept-2

fallow for a year to reduce endogenous mycorrhizal fungi and to eliminate propagules through of the root

fragments of previous crop. A year before the experiment, we used a wet-sieving technique to extract the

spores. We also used the most probable number (MPN) test to determine the number of propagules (ml ) in-1

the original sample. Because the mycorrhizal spore propagules extracted from the native soil were extremely

low (2–3 kg) with the wet-sieving technique and the MPN test of the propagates (0.018 cm ), no attempt was-3

made to fumigate the soil. The AMF inocula of Glomus mosseae was purchased from the Agricultural and

Biotechnology Research Institute, Karaj, Iran, the pure cultures of Glomus mosseae was based on isolates from

Karaj (Iran). It was selected because it was commercially available in Iran and had been reported to increase

the growth of sunflower. The samples were washed in distilled water, stained with try pan blue, and the

mycorrhizal colonization levels determined using the gridline intersect method used by Giovanetti and Mosse

(1980).

2.2. Extraction of seed oils

Three individual 10 g samples of crushed dry seeds of each sunflower treatment were refluxed with 300

mL of petroleum benzene in weighed flasks using a Sox let apparatus according to the AACC (1987) method.

The oils were recovered by distilling the solvent in a rotary evaporator at 45 °C, then dried to constant weight

in a vacuum oven at 90 °C, for 1 h and weighed.

2.3. Nutrient analysis

At tasseling, sunflower leaves and seed were harvested and analyzed for nutrient uptake of N, P and K.

Nitrogen was measured using Kjeldahl method (Nelson and Sommers, 1973). Phosphorous was determined,

spectrophotometrically. by acetic acid extraction (Prokopy, 1995). Potassium was measured using acetic acid

extraction and flame photometer (emission spectrophotometery) (Johnson and Ulrich, 1959; Knudsen et al.,

1982).

2.4. Microbial biomass determination 

Soil microbial biomass C, N and P were measured using the chloroform fumigation extraction method as

described by Brookes et al. (1982) and Wu et al. (1990). Soil samples were exposed for 24 h to alcohol-free

chloroform vapor in a desiccator containing soda-lime at room temperature. The fumigated soil was transferred

into an empty desiccator and residual chloroform was removed from the fumigated soil by repeated evacuation.

The fumigated soil was extracted immediately following chloroform removal by shaking for 30 min with 50

mL 0.5 MK2SO4 to obtain microbial biomass C and N. Soil was extracted with 50 mL 0.5 MNaHCO3 to

obtain microbial biomass P. The unfumigated control (CK) soil was extracted as fumigation commenced.

Organic C in the K2SO4 extract was measured by an automated total organic carbon (TOC) analyzer (500

model, Simadzu Inc., Japan), and total N in the extract was measured by Kjeldahl digestion. Phosphorus in

the NaHCO3 extract was colorimetrically determined. Microbial biomass C, N and P were calculated by

comparing the increase in extractable organic C, N and P from the fumigated soil with those of a control

(without fumigation) (Anderson and Ingram, 1993).

2.5. Data analysis

The analysis of variance (ANOVA) was based on the common mixed model for a split-plot design. All

measured variables were assumed to be normally distributed and statistical analysis by ANOVA was performed

using SAS software (1990). The normal distribution of the data was tested using the Shapiro–Wilk W test. The

significance of the differences between treatments was estimated using the LSD range test, and a main effectors

interaction was found significant at P#0.05.

Results and discussion

3.1. Sunflower grain and biological yield
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Table 1 shows the yield and crop yield parameters for the different treatments, as In year 2007, the yield

of sunflower registered 3663, 3082, 2927 and 2922 kg ha  for control, berseem clover, Persian clover and!1

Medicago fertilization, respectively (Table 1). There were significant differences between the green manure and

control treatment fertilization. Also, the yield of sunflower plants was 3192 for inoculation and 2967 kg ha!1

for non inoculation (average of all fertilization treatments, Table 1). There was a statistically significant

difference between the inoculation and non inoculation. In year 2008, the yield of sunflower registered 3765,

3747, 3497 and 3485 kg ha  for control, berseem clover, Persian clover and Medicago fertilization,!1

respectively (Table 1). Additionally, there were no significant differences between the green manure and control

treatment fertilization. The yield of sunflower plants was 3697 for inoculation and 3285 kg ha  for non!1

inoculation (average of all fertilization treatments, (Table 1). There was also a statistically significant difference

between the inoculation and non inoculation. Data presented in Table (1) showed that control treatment into

different green manure in year 2007 and 2008 led to statistical increases in the 1000 seed weight and number

of filled seed, Also treatment inoculation manure in year 2007 and 2008 led to statistical increases in the 1000

seed weight and number of filled seed.   

Table 1: M ean. 1000 weight seed, no. of  filled seed plant(m ),  oil percentage, dry matter plant(m ),  no. of unfilled seed plant(m ) and2 2 2

plant height (cm), (n = 3) measured during 2007 and 2008 seasons for mycorrhizal G.mosseae (and non-mycorrhizal (NM)

sunflower plants exposed to varying green manure (berseem clover (B), Persian Persian clover(P), Medicago (M ), 3(B)+1(P),

1(B)+1(P), 1(B1)+3(P) and 1 (B)+1 (P)+1 (M).

treatment 1000 seed No. of Filled Oil precentage Dry matter (m ) yeld2

weight(g) seeds (m )-2

Nutrition Systems ----------------------- ------------------------- ----------------------- ---------------------- -------------------------

2007 2008 2007 2008 2007 2008 2007 2008 2007 2008

Chemical manure 67.3a 67.7a 5082b 5863a 50.3a 50.5a 926b 1084b 366.3 a 376.5a

berseem clover (B) 59.4b 62.8cd 5144b 5799a 51.0a 51.5a 960b 1120b 297.2bc 354.2a

Persian clover (P) 58.8b 61.2d 5003b 5706a 51.7a 52.1a 918b 1084b 292.7c 349.7a

M edicago (M ) 58.9b 61.9d 4987b 5647a 51.8a 52.3a 918b 1044b 292.2c 348.5a

3(B)+1(P) 60.0b 64.0b 5124b 5742a 52.4a 52.9a 929b 1117b 305.7b 366.0a

1(B)+1(P.C) 59.6b 63.1bc 5032b 5662a 51.4a 52.0a 949b 1120b 301.2bc 367.3a

1(B1)+3(P) 60.1b 62.8cd 5026b 5791a 52.1a 52.6a 907b 1089b 300.7 bc 364.3a

1 (B) +1 (P) +1 (M ) 60.2b 64.8b 5443a 5563a 52.9a 54.0a 1111a 1259a 308.2 b 374.7a

mycooriza

inoculation 61.7a 64.8a 5193a 6152a 52.2a 52.9a 988a 1209a 319.2a 369.7a

Non  inoculation 59.3b 62.3b 5018b 5291b 51.1a 51.6a 904b 1021b 296.7b 328.5b

ANOVA

manure  Green ** ** ns ns ns ** ** ns ** **

mycorriza ** ** ns ** ns ** ** ** ** **

M anure × mycorriza ns 0 ns ns ns ns ns ns ns ns

Green

M eans with different superscript letters are significantly different at P #  0.05; NS, not significant.

* P #  0.05.

** P #  0.01.

3.2 Dry matter production, oil content, oil yield and nutritional status

Manure significantly (P # 0.05 or 0.01) affected dry matter, leaf and seed N, P, content in both years

(2007 and 2008). (table2, 3). Available N concentrations in Leaf and seed in sunflower were generally higher

in the treatments with chemical fertilizer application than with Green manure application (Table 1). Also Green

manure influenced P uptake, sunflower grown with green manure had higher P uptake than without green

manure or treatment control (Table 1). Comparison of different green manure efficiency showed that mixture,

berseem clover, Persian clover and Medicago under inoculation conditions and non inoculation condition

increased dry matter, oil content, oil yield and leaf and seed N, P, content in year 2007 and 2008.  Because

of the larger quantity of nutrition which remained in the soil. (table1, 2). Table 3 shows the leaf and seed P

content and oil percentage for the different treatments in year 2007 and 2008. 

Treatment Control had the lowest leaf and seed P content and oil percentage. seed P concentration

increased 5.41%, 2.85%, 1.75%, 7.08%, 5.61% ,6.27% and 9.02% respectively, in soils amended with B, P.,

M., (B. P: 3: 1), (B. P: 1: 3), (B. P:1 :1) and (B. P. M: 1: 1: 1) in year 2007 amended soils respect to the

treatment control. and seed P concentration increased 10.97%, 7.65%, 8.04%, 11.61%, 9.84% ,10.51% and

13.65% respectively, in soils amended with B, P., M., (B. P: 3: 1), (B. P: 1: 3), (B. P: 1: 1) and (B. P. M:

1: 1: 1) in year 2008 amended soils respect to the treatment control.  Also Treatment Control had the lowest

oil yield. Oil yield increased 1.69%, .99% and 5.94% respectively in soils amended with (B. P: 3: 1), (B. P:

1: 1) and (B. P. M: 1: 1: 1) in year 2008 respect to the treatment control. whereas Oil yield decrease 3.14%,

4.18%, 6.42% and 35% respectively in B, P., M  and (B. P: 1: 3), in year 2008 respect to the treatment

control. Mycorrhizal colonization increased the dry matter, oil yield and leaf and seed N, P, content in
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sunflower plants significantly (P# 0.01) in both years (2007 and 2008) (table1, 2). Also mycorrhizal

colonization, dry matter and leaf and seed N, P, content productions were enhanced significantly, particularly

at sown plant field green manure condition (table4). Although green manure was cause less N, P content in

leaf and seed but mycorrhizal were enhanced N, P content in leaf and seed, particularly when plants were

exposed to treatment green manure conditions (table4).

Table 2: ANOVA results for oil yield, nutrient Leaf and seed N, P , K content and soil microbial biomass of sunflower exposed to

varying Green manure (berseem  clover (B), Persian Persian clover(P), M edicago (M ), 3(B)+1(P), 1(B)+1(P), 1(B1)+3(P) and

1 (B)+1 (P)+1 (M ).and with or without AM  colonization during 2007 and 2008 seasons

treatment oilseed Soil microbial Leaf N Seed N Leaf p Seed p Leaf k Seed k

biomass C content content content content content content

2007

Chemical manure 184.59a 182.17b 3.73a 3.55a 0.666f 0.832d 2.97a 0.480a

Chemical manure 153.08bc 337.80a 3.15b 2.90b 0.708cde 0.877bc 2.95a 0.505a

berseem clover (B) 150.73c 329.14a 3.12b 2.82b 0.700e 0.857bcd 2.97a 0.500a

Persian clover (P) 150.78c 330.50a 3.10b 2.82b 0.705de 0.847cd 2.95a 0.515a

M edicago (M ) 159.61bc 356.00a 3.16b 2.94b 0.726b 0.892ab 2.92a 0.500a

3(B)+1(P) 153.78bc 343.50a 3.15b 2.93 0.711cd 0.882abc 2.95a 0.505a

1(B)+1(P.C) 157.03bc 348.00a 3.15b 2.92b 0.716c 0.887abc 2.96a 0.505a

1(B1)+3(P) 162.65b 373.00a 3.20b 2.96 0.736a 0.912a 2.97a 0.510a

inoculation 166.43a 340.29a 3.53a 3.27a 0.758a 0.917a 2.97a 0.521a

Non  inoculation 151.63b 309.38b 2.90a 2.69b 0.659b 0.829b 2.93a 0.484b

ANOVA

Nutrition Systems ** ** ** ** ** ** ns ns

mycorriza ** ** ** ** ** ** ns **

× mycorriza   Nutrition Systems ns ns ns ns ** ns ns ns

2008

Chemical manure 190.5a 177.33b 3.54a 3.45a 0.685c 0.848c 2.97a 0.478a

Chemical manure 184.69a 378.00a 3.34b 3.07b 0.726b 0.941ab 2.95a 0.508a

berseem clover (B) 182.85a 373.86a 3.32b 3.04b 0.722b 0.920b 2.97a 0.506a

Persian clover (P) 182.07a 373.17a 3.33b 3.06b 0.723b 0.922b 2.95a 0.518a

M edicago (M ) 193.57a 398.67a 3.38b 3.12b 0.746ab 0.955ab 2.92a 0.509a

3(B)+1(P) 189.82a 386.17a 3.37b 3.11b 0.728b 0.942ab 2.95a 0.512a

1(B)+1(P.C) 192.39a 390.67a 3.36b 3.09b 0.738ab 0.947ab 2.96a 0.510a

1(B1)+3(P) 201.92a 415.67 3.44b 3.19b 0.758a 0.977a 2.97a 0.517a

inoculation 209.73a 384.21 3.68a 3.39a 0.783a 0.975a 2.98a 0.538a

Non  inoculation 169.72b 339.00b 3.13b 2.91b 0.673b 0.888b 2.93a 0.492b

ANOVA

Nutrition Systems   ns ** ** ** ** ** ns ns

mycorriza ** ** ** ** ** ** ns **

× mycorriza   Nutrition Systems ns ns ns ns ** ns ns ns

M eans with different superscript letters are significantly different at P #  0.05

ns, not significant.

* P #  0.05.

** P #  0.01.

3.3. Microbial biomass

As an active component of soil organic C, microbial biomass is an important attribute of soil quality as

it provides an indication of a soil’s ability to store and recycle nutrients and energy. The main treatmente

effects of AMF and green manure on SMB were significant SMB was significantly higher (P#0.01) after the

mycorrhizal treatments than that after the no-mycorrhiza treatments. Various ratios of mixed cropping increased

SMB (table2). Soil microbial biomass-C increased in the plots amended with green manures (Table 2). Also,

control soil had the lowest values of this parameter and like for soil respiration, soil microbial biomass- C

decreased for each experimental year. This increase was different depending of the green manure type applied

to soil. In this respect and at the end of the experimental period, soil microbial biomass increased 85.1%,

80.8%, 81.3%, 95.6%, 88.5%, 91.2% and 104.9%,  Respectively, in soils amended with B, P., M., (B. P: 3:

1), (B. P: 1: 3), (B. P: 1: 1) and (B. P. M: 1: 1: 1) in year 2007  respectively, compared to the control soil.

Whereas soil microbial biomass in year 2008 increased 113.6%, 110.7%, 110.7%, 124.9%, 118.1%, 120.3%

and 134.5%,  respectively, in soils amended with B, P., M., (B. P: 3: 1), (B. P: 1: 3), (B. P: 1: 1) and (B.

P. M: 1: 1: 1) respectively, compared to the control soil (table2).  

3.4. Soil organic C, total N and available P and K 

Soil organic matter has long been considered the key factor influencing the quality of soil. Soil organic

matter is a source of and a sink for plant nutrients in soils and is important in maintaining soil tilth, aiding
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infiltration of air and water, promoting water retention and reducing erosion (Gregorich et al., 1994). It serves

as a storehouse for plant nutrients that are released slowly, especially N. Management practices significantly

influenced soil organic C and total N content (Table 3). Green manure application generally led to significantly

higher level of organic C and N than chemical fertilizer application. Green manure had significant effect on

organic C in tow years experimental. Total N was significantly higher in green manure than control treatment

the major influence of management practices on organic matter level was probably related to differences in

input and decomposition of organic materials.  Available P and K concentrations in soils were generally higher

in the treatments with green manure application than with control treatment (Table 3). soil organic matter

increased 38.2%, 34.5%, 46.8%, 51.8%, 46.8% , 47.7% and 84.1%, respectively, in soils amended with B, P.,

M., (B. P: 3: 1), (B. P: 1: 3), (B. P: 1: 1) and (B. P. M: 1: 1: 1) in year 2007  respectively, compared to the

control soil. Whereas soil organic matter in year 2008 increased 95.7%, 87.8%, 89.7%, 106.1%, 99.5%

103.3and 139.4%, respectively, in soils amended with B, P., M., ((B. P: 3: 1), (B. P: 1: 3), (B. P: 1: 1) and

(B. P. M: 1: 1: 1) respectively, compared to the control soil (table2). Mycorrhizal colonization increased soil

organic C and total N content significantly (P# 0.01) in both years (2007 and 2008) (table3). Green manure

and mycoriza practices also significantly increased the proportion of organic C. 

Table 3: ANOVA results for on soil organic C, total N and available P and K during 2007 and 2008 seasons exposed to varying Green

manure (berseem clover (B), Persian Persian clover(P), Medicago (M ), 3(B)+1(P), 1(B)+1(P), 1(B1)+3(P) and 1 (B)+1 (P)+1

(M).and with or without AM  colonization

treatment Organic C Total N Available Available Organic C Total N Available Available

(g kg ) (g kg ) P (g kg ) K (g kg ) (g kg ) (g kg ) P (g kg ) K (g kg )-1 -1 -1 -1 -1 -1 -1 -1

2007 2007 2007 2007 2008 2008 2008 2008

2007

Chemical manure 1.31c 0.156c 28.87c 138.9c 1.30c 0.158c 29.1b 141.3b

Chemical manure 1.74b 0.205b 30.93ab 151.7a 2.58b 0.309b 32.52a 151.2a

berseem clover (B) 1.61b 0.201b 30.58b 152.9a 2.45b 0.277b 32.29a 151.2a

Persian clover (P) 1.78b 0.208b 30.71ab 144.7b 2.50b 0.284b 32.36a 152.7a

M edicago (M ) 1.94b 0.236b 31.02ab 153.1a 2.79b 0.336b 32.67a 155.2a

3(B)+1(P) 1.83b 0.220b 30.76ab 149.1ab 2.65b 0.320b 32.41a 151.2a

1(B)+1(P.C) 1.85b .0223b 30.76ab 148.6ab 2.73b .0323b 32.40a 150.3a

1(B1)+3(P) 2.45a 0.301a 31.06a 144.1b 3.41a 0.401a 32.71a 149.7a

inoculation 2.20a 0.257a 31.1a 151.3a 3.02a 0.349a 32.8a 153.4a

Non  inoculation 1.59b 0.195b 30.6b 147.8a 2.43b 0.289b 32.2b 149.9a

ANOVA

Nutrition Systems ** ** ** ** ** ** ** **

mycorriza ** ** ** ns ** ** ** ns

× mycorriza  ns ns ns ns ns ns ns ns

Nutrition Systems

M eans with different superscript letters are significantly different at P #  0.05

ns, not significant.

* P #  0.05.

** P #  0.01.

4. Discussion

As an active component of soil organic C, microbial biomass is an important attribute of soil quality as

it provides an indication of a soil’s ability to store and recycle nutrients and energy. As a measure of organic

C quality, it also serves as a sensitive indicator of change and future trends in organic C. Microbial biomass

C can be influenced by agricultural practices, such as tillage, fertilization as well as other conditions (Insam

et al., 1989). All eight treatments had significantly higher microbial biomass C, N and P, at both depths, than

the control. Our data indicated that during the experimental period, the application of different green manures

to soil increased microbial biomass-C These results are in agreement with those of Goyal et al. (1999),

Fontaine et al. (2003) and Stark et al. (2007) who found that soil microbial biomass and soil respiration

responds rapidly, in terms of activity, after the addition of different green manures to soil. This increase in soil

microbial biomass carbon and soil respiration can be attributed to the incorporation of easily degradable

materials, which stimulate the authoctonous microbial activity and to the incorporation of exogenous

microorganisms (Blagodatsky et al., 2000; Tejada et al., 2006). Green manures increased N. P. K and oil yield

seed and most important when mixed berseem clover, Persian clover and Medicago were applied to soil this

specie, which has a high N, P content in leaf and seed particularly in year 2008. Leaf and seed N, P, content

in sunflower plants significantly affected by green manure and mycorriza. Higher P uptake was observed with

either green manure compared control treatment. Sunflower grown with mixed berseem clover, Persian clover

and Medicago had significantly higher N and P uptake than with mono culture berseem clover, Persian clover

and Medicago. Legumes can increase the content of soil mineral N in the long runs in comparison with the
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non-legume monocrop systems (Wani et al., 1995). Sarrantonio and Scott (1988) found in a 2-year experiment

that maize yield was significantly higher with Legumes than with non-legume, and both maize yield and N

uptake were significantly higher following vetch than without cover crop. Mycorrhizal colonization by Glomus

mosseae improved growth, nutrient content, yield, and yield component and oil yield of sunflower yield when

exposed to varying of green manure. The 2-year field study suggests that AM inoculation improves growth,

nutrient content yield, and yield component and oil yield of sunflower plants particularly when plants were

exposed to treatment green manure conditions, this indicates that there are interaction effects between AM

species and green manure. as a secondary consequence of enhanced nutritional status of the host plant,

especially N and P. AMF increase the fitness of the host plant by increasing the uptake of minerals such as

P that are relatively immobile in soils (Turk et al., 2006). AMF develop intensively inside roots and within

the soil by forming an extensive extra radical mycelium which helps the plant in exploiting mineral nutrients

and water from the soil. In plants, particularly those with restricted/weak root system, hyphal connections act

as a bridge between roots and nutrient sites in soil and facilitate efficient uptake of immobile nutrients by host

plants (Azcon-Aguilar and Barea, 1996). Depending on the host plant, colonization by AMF can increase P

nutrition and other mineral nutrients such as Ca, Cu, Mn and Zn. Mycorrhizal structures effectively take up

P from lower concentrations in the soil at which normal plant roots fail (Jefferies et al., 2003). AMF helps

in increasing nutrient uptake by increasing the surface area of absorptive system (roots) of plants and exploring

soil by extra radical hyphae beyond the root hair and P-depletion zone. The absorbed P is then converted to

polyphosphate granules in external hyphae and passed to the arbuscule for transfer to the host plant (Azcon-

Aguilar and Barea, 1996). A similar mechanism is employed for the uptake of N, K, Zn, Fe, Cu, Mg and Ca.

The response to mycorrhizal colonization increased with increasing yield and yield component of plants under

field conditions.

5. Conclusions

Our results indicate that mycorriza had greatly affected the yield and oil yield of sunflower. Also, there

were no significant differences between the inoculation and non inoculation for oil content. The highest oil

yield of sunflower was measured under chemical fertilization for year 2007 and mixture, berseem clover,

Persian clover and Medicago for year 2008. Green manures increased oil content and N. P. K. Finally, the

most significant impact was observed when mixture, berseem clover, Persian clover and Medicago were applied

to soil. Concerning the organic agriculture system the green manure can affect the sunflower quality and with

the choice of the suitable green manure plant the levels of oil concentration can also be affected. Finally Use

of green manure and mycorriza increased soil nutrients and microbial biomass. Application of green manure

increased accumulation of organic C and N than control treatment. Green manure particularly mixed berseem

clover, Persian clover and Medicago combined with application of mycorriza was the best management system

for increasing soil quality and sunflower growth
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