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ABSTRACT 
 

Sunflower is the world’s fourth largest oil-seed crop. Sunflower, a member of compositae family is the most important 
edible oilseed crop in the world. The mycorrhizal symbiosis provides the plant with an increased ability for nutrient 
capture and cycling in soils with low nutrient availability. Many plants are capable of forming association with AM 
fungi to help boost native soil nutrients. The experiment was conducted at the zabol which is situated between 41° 
North latitude and 61° East longitude. The field experiment was laid out factorial with randomized complete block 
design with three replications. Treatments included two factors: sunflower variety esfahan (v1), ghasem (V2) and 
inoculation with mycorrhyza in eight levels included control (M1), inoculation with glumus mossea  (M2), inoculation 
with glumus etanicatum (M3), inoculation with G.HOI (M4), inoculation with M3+ M2 (M5), inoculation with M4+ 
M3   ، (M6) , inoculation with M4+ M2 (M7), , inoculation with M4 +M3+M2 (M8). Analysis of variance showed that 
the effect of variety on all characteristics was significant except head diameter. Analysis of variance showed that the 
effect of micorrhyza on all characteristics was significant except head weight.  
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INTRODUCTION 
 

Sunflower (Helianthus annuus L.) is one of the most 
important oil crops in the world, because it offers 
advantages in crop rotation systems, such as high adoption 
capability, suitability to mechanization and low labor 
needs. Sunflower is the world’s fourth largest oil-seed 
crop (FAO, 2000). Sunflower, a member of compositae 
family is the most important edible oilseed crop in the 
world (Weiss, 2000). Which is mainly grown in Rabi 
season as a rain fed crop mostly by marginal farmers. 
Sunflower seed has high concentration of linolic acid, a 
poly unsaturated fatty acid is essential for human beings 
and cannot be synthesized by animal body (Seiler, 2007). 
Sunflower is categorized as a low to medium drought 
sensitive crop (Stone et al., 1996; Tolga and Lokman, 
2003; Turhan and Baser, 2004). Sunflower is one of the 
most important oil crops and due to its high content of 
unsaturated fatty acids and a lack of cholesterol, the oil 
benefits from a desirable quality (Razi, H. and M.T. Asad, 
1998). D'Andria et al. (1995) reported that the ability of 
sunflower to extract water from deeper soil layers “when 
water stress during the early vegetative phase causes 
stimulation of deeper root system” and a tolerance of short 

periods of water deficit, are useful traits of sunflower for 
producing acceptable yields in dry land farming. On the 
other hand, some evidences have indicated that stress 
during vegetative phase, flowering or seed filling period 
causes considerable decrease in yield and oil content of 
sunflower (Razi, H. and M.T. Asad, 1998). The 
mycorrhizal symbiosis provides the plant with an 
increased ability for nutrient capture and cycling in soils 
with low nutrient availability (Barea et al., 2011). The 
rhizosphere, representing the thin layer of soil 
surrounding plant root zone and soil occupied by the 
roots, supports large and metabolically active groups of 
microorganisms such as bacteria, fungi, actinomycetes 
and mycorrhizae (Balagurunathan et al., 2012). These 
microorganisms deliver positive impact on growth and 
yield of crop plants through several mechanisms such as 
1) N2 fixation, 2) induction of IAA, 3) mineralization of 
phosphates, 4) secreting antimicrobial substances. 
Micorrhiza is symbiotic association between the soil fungi 
and roots of higher plants (Smith et al., 2010). These 
fungi enhance the plant growth through making 
availability of mineral nutrients such as P, Zn and Cu 
(Phiri et al., 2003). Vazquez-Hernandez et al. (2011) cited 
that inoculation of papaya (Carica papaya L.) plants with
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mycorrhizal fungi increased the number of fruits and 
yield in these plants. Use of agrochemicals such as 
synthetic fertilisers and pesticides has resulted into soil 
and water pollution, and loss of biodiversity. In the 
humid tropics of Africa, where agrochemicals, especially 
fertilisers are often wrongly used, arbuscular mycorrhizae 
(AM), found in natural ecosystem, including agricultural 
areas do improve soil fertility (Daft and Nicolson, 1969). 
Many plants are capable of forming association with AM 
fungi to help boost native soil nutrients (Burke et al., 
2000). These fungi are well known to improve plant 
growth on poor soils. Arbuscular mycorrhizae have also 
been observed to play a vital role in metal tolerance (Del 
Val et al., 1999) and accumulation (Zhu et al., 2001; 
Jamal et al., 2002). External mycelium of AM fungi 
provides a wider exploration zone (Khan et al., 2000; 
Malcova et al., 2003), thus providing access to greater 
volume of heavy metals present in the rhizosphere. These 
symbiotic fungi increase nutrient and water uptake, 
alleviate cultural and environmental stresses, and 
enhance disease resistance and plant health 
(Bethlenfalvay and Linderman 1992, Davies et al. 1992, 
1993, 1996, Filion et al. 1999, Pfleger and Linderman 
1994). Mycorrhiza affect nutrients which have a very low 
mobility in the soil and which are present in the soil 
solution in very low concentrations (Marschner and Dell 
1994). Mycorrhiza enhance the uptake of Cu (Gildon and 
Tinker 1983), Zn (Davies 1987), Ni (Killham and 
Firestone 1983), Cd (Guo et al. 1996, Joner and Leyval 
1997), Pb (Díaz et al. 1996), and other metals (Galli et al. 
1994). An important arbuscular mycorrhiza genus is 
Glomus, which colonize a variety of host species 
(Marschner 1995), including sunflower (Chandrashekara 
et al. 1995). The rhizosphere, representing the thin layer 
of soil surrounding plant root zone and soil occupied by 
the roots, supports large and metabolically active groups 
of microorganisms such as bacteria, fungi, actinomycetes 
and mycorrhizae (Balagurunathan et al., 2012). These 
microorganisms deliver positive impact on growth and 
yield of crop plants through several mechanisms such as 
1) N2 fixation, 2) induction of IAA, 3) mineralization of 
phosphates, 4) secreting antimicrobial substances. 
Micorrhiza is symbiotic association between the soil 
fungi and roots of higher plants (Smith et al., 2010). 
These fungi enhance the plant growth through making 
availability of mineral nutrients such as P, Zn and Cu 
(Phiri et al., 2003). Colonization of AM fungi in cortical 
tissues of sunflower increased growth parameters of 
sunflower (Jalaluddin & Hamid, 2011). It has been 
recently reported that AMF play a vital role in protecting 
plant from soil borne pathogen and root-knot causing 
nematode (Jalaluddin et al., 2008). Hence an attempt was 
made to reveal the effect AM fungi on the agronomical 
characteristics of sunflower which is more economic and 
ecofriendly. 

 
MATERIALS AND METHODS 

 
Location of experiment 

The experiment was conducted at the zabol which is 
situated between 41° North latitude and 61° East 
longitude. 

Composite soil sampling 
Composite soil sampling was made in the 

experimental area before the imposition of treatments and 
was analyzed for physical and chemical characteristics. 
 
Field experiment 

The field experiment was laid out factorial with 
randomized complete block design with three replications. 
 
Treatments 

Treatments included two factors: sunflower variety 
esfahan (v1), ghasem (V2) and inoculation with 
micorrhiza in eight levels included control (M1), 
inoculation with glumus mossea  (M2), inoculation with 
glumus etanicatum (M3), inoculation with G.HOI (M4), 
inoculation with M3+ M2 (M5), inoculation with M4+ 
M3   ، (M6) , inoculation with M4+ M2 (M7), , inoculation 
with M4 +M3+M2 (M8). 
 
Data collect 

Data collected were subjected to statistical analysis 
by using a computer program SAS.  Least Significant 
Difference test (LSD) at 5 % probability level was applied 
to compare the differences among treatments` means. 

 
RESULTS AND DISCUSSION 

 
Grain yield 

Analysis of variance showed that the effect of variety 
on grain yield was significant (Table 1). The maximum of 
grain yield of treatments ghasem was obtained (table 2). 
The minimum of grain yield of treatments esfahan was 
obtained (table 2). 

Analysis of variance showed that the effect of 
micorrhiza on grain yield was significant (Table 1). The 
maximum of grain yield of treatments M2+M3+M4was 
obtained (fig 1). The minimum of grain yield of 
treatments control (M1) was obtained (fig 1). 
 
1000 grain weight 

Analysis of variance showed that the effect of variety 
on 1000 grain weight was significant (Table 1). The 
maximum of 1000 grain weight of treatments esfahan was 
obtained (Table 2). The minimum of 1000 grain weight of 
treatments ghasem was obtained (Table 2). Analysis of 
variance showed that the effect of micorrhiza on 1000 
grain weight was significant (Table 1). The maximum of 
1000 grain weight of treatments M2+M3+M4was 
obtained (fig 2). The minimum of grain yield of 
treatments control (M1) was obtained (fig 2). 
 
The number of seeds per head 

Analysis of variance showed that the effect of variety 
on the number of seeds per head was significant (Table 1). 
The maximum of the number of seeds per head of 
treatments esfahan was obtained (Table 2). The minimum 
of the number of seeds per head of treatments ghasem was 
obtained (Table 2). Analysis of variance showed that the 
effect of micorrhiza on the number of seeds per head was 
significant (Table 1). The maximum of the number of 
seeds per head of treatments M2+M3+M4was obtained 
(fig 3). The minimum of the number of seeds per head of 
treatments control (M1) was obtained (fig 3). 
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Table 1: Anova analysis of the Sunflower affected by variety and micorrhiza 
S.O.V df Grain yield 1000 Grain 

weight
The number of seeds 

per head
Head weight 

(gr)
Head 

diameter 
Plant height 

R 2 ns12.1742 **94.41 ns 36.1511 ns 64.107 *47.4 ns32.67 
Variety (V) 1 **4.12545093 **28.194 **0.154207 *01.815 ns 85.2 **2.34076 
Micorrhiza (M) 7 **8.436046 **73.25 **4.61835 ns24.1 **04.68 **7.1057 
V*M 7 **9.87000 ns55.2 ns4.1270 ns 14.0 **70.12 ns 04.89 
Error 30 9.17551 04.7 2.983 40.115 07.3 39.178 
CV (%) - 22.5 17.9 71.6 32.4 54.11 54.10 

*, **, ns: significant at p<0.05 and p<0.01 and non-significant, respectively. 
 
Table 2: Comparison of different traits affected by variety and micorrhiza 

Treatment Grain 
yield 

1000 Grain 
weight 

The number of 
seeds per head 

Head weight Head diameter Plant 
height 

Variety       
Ghasem a51.3046 b91.26 b9.409 a24.252 a 94.14 a07.153 
Esfahan b05.2024 a94.30 a2.523 b00.244 a43.15 b78.99 

Micorrhiza       
Control (M1) e05.2247 c03.26 g8.340 a12.247 e28.11 d13.104 
Glumus mossea  (M2) de6.2391 bc 18.28 e3.426 a04.248 cd40.14 bc97.123 
Glumus etanicatum (M3) de7.2347 bc 83.27 f3.385 a31.248 de57.12 c84.120 
G.HOI (M4) e7.2312 bc63.27 f2.379 a05.248 e19.12 cd66.118 
M2 + M3 b8.2829 ab28.30 b1.563 a26.248 b19.18 ab28.140 
M3 + M4 cd8.2504 bc09.29 d6.476 a32.248 c11.15 bc61.126 
M2+ M4 c9.2642 bc42.29 c1.530 a16.248 bc52.16 bc56.129 
M2+M3+M4 a4.3005 a94.32 a9.630 a71.248 a26.21 a35.147 

Any two means not sharing a common letter differ significantly from each other at 5% probability 
 

 
 
Fig. 1: Effect of micorrhiza on grain yield 
 

 
 
Fig. 2: Effect of micorrhiza on 1000 grain weight 
 

 
 
Fig. 3: Effect of micorrhiza on the number of seeds per head 

 
 
Fig. 4: Effect of micorrhiza on head weight 
 

 
 
Fig. 5: Effect of micorrhiza on head weight 
 

 
 
Fig. 6: Effect of micorrhiza on plant height 
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Head weight 
Analysis of variance showed that the effect of variety 

on head weight was not significant (Table 1). The 
maximum of head weight of treatments esfahan was 
obtained (Table 2). The minimum of head weight of 
treatments ghasem was obtained (Table 2). Analysis of 
variance showed that the effect of micorrhiza on head 
weight was significant (Table 1). The maximum of head 
weight of treatments M3 + M4 was obtained (fig 4). The 
minimum of head weight of treatments control (M1) was 
obtained (fig 4). 
 
Head diameter 

Analysis of variance showed that the effect of variety 
on head diameter was significant (Table 1). The maximum 
of head diameter of treatments ghasem was obtained 
(Table 2). The minimum of head diameter of treatments 
esfahan was obtained (Table 2). Analysis of variance 
showed that the effect of micorrhiza on head diameter was 
not significant (Table 1). The maximum of head diameter 
of treatments M2+M3+M4was obtained (fig 5). The 
minimum of head diameter of treatments control (M1) 
was obtained (fig 5). 
 
Plant height 

Analysis of variance showed that the effect of variety 
on Plant height was significant (Table 1). The maximum 
of Plant height of treatments ghasem was obtained (Table 
2). The minimum of Plant height of treatments esfahan 
was obtained (Table 2). Analysis of variance showed that 
the effect of micorrhiza on Plant height was not 
significant (Table 1). The maximum of Plant height of 
treatments M2+M3+M4was obtained (fig 6). The 
minimum of Plant height of treatments control (M1) was 
obtained (fig 6). 
 
Conclusion 

The mycorrhizal symbiosis provides the plant with an 
increased ability for nutrient capture and cycling in soils 
with low nutrient availability. The rhizosphere, 
representing the thin layer of soil surrounding plant root 
zone and soil occupied by the roots, supports large and 
metabolically active groups of microorganisms such as 
bacteria, fungi, actinomycetes and mycorrhizae. 
According to the observed results influence of micorrhiza 
and variety on sunflower have desirable effects on, grain 
yield, 1000 Grain weight, number of seeds per head, head 
height, head diameter and Plant height. Therefor it seems 
that besides improving yield, micorrhiza and variety can 
improve sunflower yield.  
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