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ABSTRACT  
 
 Breeding for drought stress conditions in corn is a strategy for national programs in Iran. Phosphorus (P) is 
an essential macronutrient for plant growth. This experiment was carried out to investigate the effects of 
applications of biological and chemical phosphorus on yield and some morphological traits of corn under 
drought stress condition. In order to study the effects of phosphorus fertilizer and phosphorus bio-fertilizer on 
reducing the loss results from stress drought of corn, an experiment was conducted in split plot pattern, using a 
completely randomized design with three replications. Kernels of KSC704 hybrid were used in this experiment. 
We used irrigation levels as main plot and three fertilizer treatments in sub-plots. This research revealed that 
drought stress levels had significant effects on grain yield of maize. The lowest grain yield (3.04 ton/ha) was 
obtained from corn under severe drought stress condition. Compared to the crop under normal irrigation 
schedule, this represents a yield decrease of 73 %. The highest Kernel No./Row (48.13) was obtained for the 
normal irrigation treatment. The results showed that stress treatment had significant effect on all investigated 
traits except Row No./ Ear. It was evident that under drought stress condition, seed inoculums with Phosphate-
solubilising bacteria and Mycorrhiza fungi with 50 percent of triple super phosphate treatment significantly 
affected the reduction of plant losses and therefore increased the total yield.  
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Introduction 
 
 Drought is the most important limiting factor for crop production and it is one of the most important abiotic 
stress factors, which affects almost every aspect of plant growth. Drought is a permanent constraint to 
agricultural production in many developing countries, and an occasional cause of losses of agricultural 
production in developed ones (Golbashy et al., 2010). Drought is a world-spread problem seriously influencing 
grain production and quality and with increasing population and global climate change making the situation 
more serious (Hongbo et al., 2005). 
 Corn (Zea mays) is important crop in temperate climates, because of the increasing demand for food and 
livestock feed. Successful maize production depends on the correct application of production inputs that will 
sustain the environment as well as agricultural production. These inputs are, inter alia, adapted cultivars, plant 
population, fertilizers, soil tillage, weed, insects and disease control. Maize needs 450 to 600 mm of water per 
season, which is mainly acquired from the soil moisture reserves (Plessis, 2003). 
 Nitrogen and phosphorus are essential nutrients for plant growth and development in corn (Wua et al., 
2005). Phosphorus (P) is an essential macronutrient for plant growth. Despite phosphorus being widely and 
abundantly distributed in the soil in both its inorganic and organic forms, many soils throughout the world are 
deficient in phosphorus. Phosphorus can be tightly bound with calcium, iron, or aluminium, leading to 
precipitation of phosphorus (Li et al., 2003). Soil Phosphorus dynamics is characterized by physicochemical 
(sorption-desorption) and biological (immobilization-mineralization) processes. Large amount of Phosphorus 
applied as fertilizer enters in to the immobile pools through precipitation reaction with highly reactive Al3+ and 
Fe3+ in acidic, and Ca2+ in calcareous or normal soils (Gyaneshwar et al., 2002; Hao et al., 2002). Many bacteria 
and fungi are able to improve plant growth by solubilising sparingly soluble inorganic and organic phosphates in 
the soil (Zarabi et al., 2011).  
 Microorganisms are important in agriculture to promote the circulation of plant nutrients and reduce the 
need for chemical fertilizers as much as possible. Garg and Bahl (2008) reported that, organic materials are 
known to increase P availability and enhance efficient use of applied P fertilizer. Arbuscular mycorrhizal fungi 
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(AMF) form a symbiotic relationship with the roots of most agricultural crops and aid the roots in the 
acquisition of soil phosphorus (Brundrett, 2004). Arbuscular mycorrhizal fungi are obligate symbionts and 
cannot survive over extended time periods in the absence of a host plant to provide them energy source 
(Brundrett, 2002). Moreover, the Phosphorus Solubilizing Bacteria solubilize the fixed soil Phosphorus and 
applied phosphates resulting in higher crop yields (Gull et al., 2004). Microorganisms solubilize the insoluble 
forms of phosphates like tricalcium, iron, and aluminium phosphates into available forms. 
 Rock phosphate (RP) and microorganisms are alternative sources of phosphorus. Therefore, has received 
considerable attention in recent years (Zarabi et al., 2010). Acid producing microorganisms are able to enhance 
the solubilization of phosphatic rock (Gyaneshwar et al., 2002).  
 In maize, grain yield reduction caused by drought ranges from 10% to 76% depending on the severity and 
stage of occurrence (Bolaòos et al., 1993). Use of PSB can increase crop yields up to 70 percent (Verma, 1993). 
Combined inoculation of AMF and PSB give better uptake of both native Phosphorus from the soil and 
Phosphorus coming from the phosphate rock (Cabello et al., 2005).  
 This experiment was conducted to investigate the effects of applications of biological and chemical 
fertilizer on yield and some morphological characteristics of corn under drought stress condition. 
 
Material and Methods  
 
 In order to study the effects of phosphorus fertilizer and phosphorus bio-fertilizer on reducing the loss 
results from stress drought of corn, an experiment was conducted in split plot pattern, using a completely 
randomized design with three replications. This experiment was carried out at the research field of Islamic Azad 
University- Karaj branch. Seeds of KSC704 hybrid were used in this experiment in 2010.  
 Treatment consisted of three levels of drought stress: irrigation after 50 mm evaporation from pan class A 
(non stress), irrigation after 100 mm evaporation from pan class A (low drought stress) and irrigation after 150 
mm evaporation from pan class A (severe drought stress). In sub-plots three fertilizer treatments used as below: 
Phosphate-solubilising bacteria with 50 percent of triple super phosphate (T1), Mycorrhiza fungi with 50 
percent of triple super phosphate (T2) and 100 percent of phosphate chemical fertilizer (T3) were used.  
 
Table 1: Soil physicochemical properties at 0-30 cm of experimental field 

pH Clay % Silt % Sand % Total N% P (mg/kg) K (mg/kg) soil texture 
7.5 30 37 33 0.080 8 215 Clay Loam 

 
 The plot sizes were 5× 4 m. The plant density was 66000 plant/ha. Fertilizer was used based on soil test. 
Irrigation was performed on Class A Evaporation Pan for each treatment.  
 Phosphorus bio-fertilizers used in this experiment included Phosphate-solubilising bacteria was 
Pseudomonas fluorescens (CFU=107) and Mycorrhiza fungi (Glomus mosseae). Also phosphorus chemical 
fertilizer was included triple super phosphate. The seeds and bio-fertilizers thoroughly mixed with hands. Then, 
spread the treated seeds over on plastic sheet and dry under shade. 
 Data were recorded on 5 plants of each plot. Each plot was harvested at maturity for yield and yield 
components. Data was subjected to analysis of variance (ANOVA) and the treatment means was compared 
using Duncan’s multiple range test (alpha = 5%). The analysis was done by SPSS program software. 
 
Results and Discussion 
 
 Analysis of variance showed significant differences among most traits (Table 2). According to obtained 
result, drought stress levels had significant effects grain yield of maize (Table 2).  
 The lowest grain yield (3.04 ton/ha) was obtained from corn under severe drought stress condition. 
Compared to the crop under normal irrigation schedule, this represents a yield decrease of 73 % (Table3). Our 
results concur partly with observations made by Choukan et al. (2007) who reported a decrease in total yield 
with increasing water deficit.  
 The highest Kernel No./Row 48.13 was obtained for the normal irrigation treatment.  
 The results showed that stress treatment had significant effect on all investigated traits except Row No./ Ear 
(Table 2).  
 In general, means comparison of compound fertilizer showed that highest Colonization percentage was 
obtained by Phosphate-solubilising bacteria with Mycorrhiza fungi compound.  
 The results showed that stress treatment significantly reduced (P ≤ 0.05) grain yield and percent 
colonization.  
 Interaction effects of Stress × Fertilizer for Ear length and total yield was not significantly.  
 The grain yield in phosphate-solubilising bacteria and Mycorrhiza fungi with 50 percent of triple super 
phosphate compound inoculated treatment were of higher values than other treatments under drought stress 
condition.  



938 
Adv. in Nat. Appl. Sci., 6(6): 936-939, 2012 

 

Table 2: Analysis of variance of measured traits of corn under fertilizer treatments and drought stress conditions. 
S.O.V df Row No./ 

Ear 
Kernel No./ 

Row 
300 kernel 

weight 
Kernel 
Depth 

Cob Percent Total Yield 

Replication 2 5.30 ns 157.87 ns 171.38 ns 9.90 ns 0.13 ns 7.79 ns 
Stress 2 15.40 ns 1471.61** 2329.69** 38.95* 0.39* 165.40** 

Main Error 4 5.69 38.99 117.64 5.15 0.04 1.29 
Fertilizer 2 6.57* 76.34* 49.19 ns 0.48 ns 0.02 ns 13.03** 

Stress×Fertilizer 4 0.69 ns 16.12 ns 42.04 ns 0.70 ns 0.01 ns 0.84 ns 
Sub Error 12 1.70 19.51 32.12 0.31 0.01 0.73 

*, **, ns : Significant at 5%, 1% level and not significant, respectively 

 
 Furthermore, grain yield of phosphate chemical fertilizer treatment under drought stress were significantly 
less pronounced than normal irrigation and low stressed conditions. This finding is in agreement with the results 
of Jafari Haghighi et al. (2010). 
 It was evident that under drought stress condition, seed inoculums with Phosphate-solubilising bacteria and 
Mycorrhiza fungi with 50 percent of triple super phosphate treatment significantly affected the reduction of 
plant losses and therefore increased the total yield.  
 This result concurs with observations made by Ehteshami et al. (2009) who reported that Mycorrhiza fungi 
and Phosphate-solubilising bacteria increased yield and yield components of Corn.  
 (Phosphate-solubilising bacteria with Mycorrhiza fungi, Phosphate-solubilising bacteria and Mycorrhiza 
fungi with 50 percent of triple super phosphate, Phosphate-solubilising bacteria With 50 percent of triple super 
phosphate, Mycorrhiza fungi With 50 percent of triple super phosphate and 100 percent of phosphate chemical 
fertilizer) 
 It was also evident that phosphate-solubilising microorganisms can enhance plant growth and phosphorus 
uptake of maize plant, leading to improved plant tolerance under drought stress conditions. 
 
Table 3: Effect of drought stress and fertilizer compounds on measured traits of corn. 

Traits Row No./ 
Ear 

Kernel No./ 
Row 

300 kernel 
weight 

Kernel Depth Percent Of 
Cob 

Total Yield 

Irrigation (gr) (mm) (%) (ton/ha) 
Normal Irrigation 14.24a 48.13a 79.44a 10.31a 1.09a 11.34a 

Low Drought stress 14.15a 42.94a 68.93a 9.61a 0.96ab 9.03b 
severe Drought stress 11.93a 23.85b 47.84b 6.41b 0.68b 3.04c 

Fertilizer       
T1 14.02a 40.18a 66.54a 8.89a 0.92a 7.97b 
T2 13.84a 39.79a 66.95a 8.92a 0.96a 8.92a 
T3 12.46b 34.95b 62.71a 8.51a 0.85a 6.53c 

Means with same phrases in each columns not significant at 5% probability 

 
Conclusion: 
 
 Many researchers believe that amount of crop water use determine plant growth and development. Results 
of this study showed that, drought stress caused decreases of yield and measured traits such as ccolonization 
percentage, 300 kernel weight and Ear length. 
 Application of biological fertilizer (Phosphate-solubilising bacteria and Mycorrhiza fungi with 50 percent 
of triple super phosphate) has given the highest grain yield in this study. 
 Also our study showed that use of Phosphate-solubilising bacteria and Mycorrhiza fungi could be improve 
plant growth and total yield of corn, and thus reduction in use of chemical fertilizer and its costs. 
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