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Abstract
The fungi of vesicular-arbuscular mycorrhiza (VAM) as a benefit microorganism are used in various purposes, such as mining, agriculture and 
environmental science. In agriculture, utilization of VAM as benefit manner and biological efficiency for plant growth and nutrition is an important 
symbiotic with crops. The effects of different mycorrhizal fungi symbiosis with sorghum genotypes were studied in growing season 2006-2007 in 
Agriculture and Research Institute of Dryland Area, Zabol, Iran. This experiment was based on factorial completely randomize design with two 
factors in four replications in field condition. The first factor was in three levels including KGS 25, KGS 29 and native. The second factor was 
mycorrhiza in three levels including without mycorrhiza and various species of Glomus etanicatum  and G. mossae. The results showed that there are 
significant differences between cultivars of sorghum and using mycorrhiza on plant height, number of seed in spike, biomass, root colonization. Also 
the results indicated that in order augmentation of plant growth and crop yield it is necessary to choose the most effective fungus species. G. mosseae
species were best mycorrhiza strains among studied species. VAM colonization improved most characteristics of sorghum in semiarid lands. 
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Introduction
 In many arid and semiarid regions, water stress has limited crop 
productivity 15 and drought is considered the single most important 
biotic stress that limits crop production in these areas 14. The 
vesicular-arbuscular mycorrhizal (VAM) fungal symbiosis is widely 
believed to protect host plants from detrimental effects of 
drought 3, 17. The VAM is a mutualistic symbiosis between fungi 
and the roots of terrestrial plants. The ancient fungi colonize 
approximately 90% of the Earths land plant species 11. Also 
improved P nutrition by VAM fungi during the periods of water 
deficit has been postulated as a primary mechanism for enhancing 
host plant drought tolerance 7, 10, 16, 20, 21. In addition to P nutrition, 
mycorrhiza symbiosis assists host plants to use N forms that are 
unavailable to non-mycorrhizal plants, thereby contributing to 
plant growth and nutrition under drought conditions 20, 21.
    AMF inoculation has been found to improve the water relations 
of many plants. For example mycorrhizal colonization of roots has 
shown to increase drought tolerance of maize 18, 20, wheat 1, 8,
soybean 7, 16, onion 6, lettuce 6, 21 and redclover 10. VAM symbiosis 
also improved leaf water potential 17, leaf water potential was higher 
in stressed soybean with VAM than that in corresponding  non- 
VAM plants. The potential mechanisms include (1) extensive 
absorption of water by external  hyphae 5,  9, 17,2) stomatal regulation 
through hormonal signals 12, an indirect effect of improved P 
nutrition upon water relations 10, 16 and greater osmotic adjustment 
in mycorrhizal plant 3, 4, 16. We conducted experiments to test 
whether VAM effects on physiological drought resistance would 
be more pronounced under dry land condition. We exposed 
sorghum to various treatments just prior to exposing them to 
drought, and it would be useful to know if VAM symbiosis can 
increase resistance to these combined stresses. 

Materials and Methods
Soil and site characteristics: A field site was on sandy loam in 
texture. Neutral in pH, free from salinity (0.2 dS m-1) and available 
N 1.94 g kg-1 at Regional Research station Zahak - Zabol, situated 
in the eastern dry zone of Sistan and Bluchestan state, Iran, at 
30°54’N latitude, 61°41’E longitude and 483 m above sea level 
with average rainfall of ten years 9.4 mm. The soil was kept fallow 
for one year to reduce indigenous mycorrhiza fungi and decompose 
root fragments of previous crop to eliminate propagates. The 
experiment was conducted during the growing seasons of 2006- 
2007. 

Treatments: The field experiment was conducted on sorghum 
(Sorghum bicolor L.) cultivars KGS25, KGS29 and native cultivar. 
Mycorrhizal fungus inoculums, consisting of spore, soil and 
infected jowar root fragment from a stock culture of G. etanicatum
and G. mossae and without mycorrhiza were provided by the 
Institute of Nutrition and Resources, Karaj Academy of Agriculture 
and Forestry Sciences. 

Experimental design: This experiment was based on completely 
randomized design with two factors in four replications in field 
condition. The first factor was in 3 levels, including KGS25, KGS29 
and native cultivar. The second factor was mycorrhiza in 3 levels, 
including without mycorrhiza  and Glomus etanicatum and G.
mossae.

Statistical analysis: The experimental data were statistically 
analyzed by analysis of variance (ANOVA) with SPSS, and 
significant differences between treatments and interactions and 
LSD (P<0.05) to compare means. 
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Results
Analysis of variance showed there are significant differences 
among most traits (Table 1). Mycorrhiza had effects on these 
characters but there were no significant differences among 
cultivars for characters except for grain yield and peduncle length 
(Table 2). There were significant differences for cultivar and 
mychorrhiza interaction for peduncle length, panicle number, seed 
number in spike, seed weight and grain yield. We recognized 
mycorrhiza had good performance for morphological characters 
because all treatments had good appearance. The maximum 
coefficient of variation was got for spike width and minimum was 
recorded for plant height. From aspect of mycorrhiza effects, G.
mossae had more effect on grain yield than G. etanicatum. This 
case was because of increased in 1000 seed weight, seed weight 
and number of seeds in spike, but G. mossae had more effects on 
morphological characters, for example leaf width, leaf length and 
stem diameter. Highest grain yield was got for KGS29, and this 
genotype had a good response to mycorrhiza application and 
yield components such as seed weight, seed number in spike and 
spike length (Table 3). Effect of interaction between cultivar and 
mycorrhiza on plant growth characters in sorghum are given in 
Table 4. KGS29 with G. mossae had good interaction on grain yield 
(2181 kg/ha), KGS25 with G. mossae had the highest 1000 seed 
weight and KGS29 and G. mossae had good interaction in number 
of seeds in spike. 

Discussion
Mycorrhizal colonization by Glomus etanicatum improved growth 
water status, nutrient content and yield of sorghum.  This field 
study suggests that VAM inoculation improves drought tolerance 
of sorghum plants as a secondary consequence of  enhanced 
nutritional status, especially N and P, of the host plant. The 
response to mycorrhizal colonization increased with increasing 
intensities of drought stress under field conditions (Table 1). Our 
data agree with the findings of Kothari et al. 13 who reported that 
mycorrhizal colonization with Glomus fasciculatum improved the 
drought tolerance of field-grown maize plants as a result of 
enhanced P status under varying intensities of drought stress. 
Others have suggested that the host plant drought tolerance 
resulting from AM colonization may be explained by a greater 
root surface area or densely proliferated root growth or hydraulic 
differences between root systems 4, 11, 13, 16. The ability of AM 
fungi to protect the host plant against progressive drought 
appears to be related to intrinsic capacity of mycorrhizal fungi to 
resist drought stress and may not be associated with any specific 
physiological mechanism affected by the Glomus species. Several 
studies have unequivocally demonstrated that plants colonized 
by AM fungi are much more efficient in taking up soil P than none 
VAM plants 2, 10, 12, 19, 20.

Conclusions
Mycorrhiza G. mossae was more effective in morphological growth 
of sorghum in arid land of Sistan than G. etanicatum and 
researchers could use this strain to complete information. 
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