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ABSTRACT 
In order to investigate the effect of deficit irrigation and bio-fertilizer on yield and its components of maize, an 
experiment was conducted as split plot in randomized complete bock design with three replications in Agricultural 
Research Center, Ilam, Iran in 2010-2011 growing season. Three levels of deficit irrigation (80, 100 and 120 evaporation 
(mm) from pan (Class A)) were assigned as main plots and bio-fertilizer (non-inoculation, inoculation with Azotobacter 
Chroococcum, Azospirillum brasilense and double-inoculation of Azotobacter and Azospirillum) were randomized in 
subplots. The effect of levels of deficit irrigation on plant height, number of rows per ear, number of grain per row, 1000-
grain weight, grain yield, biological yield and protein content was significant. 80 mm had the highest plant height, 
number of grains per row, grain yield and biological yield compared with other treatments. The effect of bio-fertilizer on 
plant height, number of grain per row, 1000-grain weight, grain yield, biological yield and protein content was 
significant was significant. Dual inoculation with Azotobacter and Azospirillum had the highest plant height, number of 
rows per ear, number of grains per row, 1000-grain weight, grain yield, biological yield and protein content compare 
with other treatments. The interaction effect of deficit irrigation× bio-fertilizer on grain yield, biological yield and 
protein content was significant. The highest and lowest grain yield obtained from 80 mm and Dual inoculation with 
Azotobacter and Azospirillum and 120 mm and non inoculation treatment, respectively. It is concluded that bio-fertilizer 
can positively have effect on the increase of plant in maize plant, leading to plant tolerance improving under drought 
stress conditions. 
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INTRODUCTION 
Population and economic increasing rate resulted in broad demand for food at last two decades. To meet 
this demand might be difficult, because current fields are not accountable and yield loss clearly appears. 
Under these conditions, agriculture could not supply growing global requirement to food. Corn is one of 
the high yielding cereals that ranked as third cereal crop after wheat and rice to supply global population 
consumption [1]. Current estimates indicate that 25% of the world agricultural lands are affected by 
water stress.  Iran, with an annual 240 mm of rainfall, is classified as a dry region of the word [2]. Water 
stress is considered principal environmental factor limiting growth and yield [3]. Thomas et al., [4] found 
that mungbean plants in the rain shelter and rain fed treatments attained maturity earlier than the well-
watered treatment. It has been showed that water deficit during the critical period of silking to early 
grain filling inhibited photosynthesis and consequently lowered the carbohydrate reserves to levels that 
were insufficient to support optimum reproductive development [5].  It was observed that shoot fresh 
and dry weight of two leguminous plants, Phaseolus vulgaris and Sesbania aculeata, decreased 
significantly due to water deficit. Also reduction in vegetative growth of plants under drought, in 
particular shoot growth, reduced cyclin-dependent kinase activity results in slower cell division as well as 
inhibition of growth [6-4-7-8]. 
PGPRs are microorganisms living in the rhizosphere of cultivated crops with known plant growth 
promotion effects. Their introduction into cropping systems could contribute to better crop productivity. 
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The effects of PGPRs on plant growth and productivity are either direct (e.g. biological N fixation, S 
oxidation or P solubilization, increasing nutrient availability) or indirect ‘‘catalytic’’ actions [9]. There are 
some evidence that plant growth and yield increase may be stimulated by plant growth promoting 
bacteria due to their ability of N2-fixing, phosphate solubilizing and production of plant growth hormones 
[10]. Bi-fertilizer with %50 of chemical fertilizers (N and P) led to an increase in plant growth, plant 
height, branch number, fresh and dry weight of safflower in comparison to applying chemical fertilizers 
alone, also utilization of Azotobacter bio-fertilizer, bio-phosphate fertilizer, organic fertilizers, with half 
rate of chemical fertilizer, increased grain yield of safflower [11]. Asghar et al., [12] indicated that 
Azospirillum, Pseudomonas and Azotobacter strains could affect seed germination and seedling growth. 
Yield responses of cereal to inoculation may also depend on plant genotype, bacterial strains and soil type 
as well as environmental conditions [13].  The positive effects of PGPRs on the yield and growth of crops 
such as wheat, maize, soybean and sugar beet were explained by N2 fixation ability, P solubilizing capacity 
and phytohormons production [14-15-16-18]. Based on this the main objective the present study was 
assess effects of bio-fertilizer application that containing Azotobacter, Azosprillum on reduction of 
drought stress induced loss in maize  S.C.704 in Agricultural Research Center, Ilam, Iran in 2010-2011 
growing season. 
 
MATERIALS AND METHOD  
In order to study effect of deficit irrigation and PGPR on yield and yield components of maize (Sc704), an 
experiment was conducted in Agriculture Research Station (longitude 46 and 7° of north, latitude 33 and 
7° of east with height of 155 m above sea level), Ilam, Iran in 2010-2011 cropping season.  Three levels of 
irrigation (80, 100 and 120 evaporation (mm) from pan (Class A)) were assigned as main plots and bio-
fertilizer (non-inoculation, inoculation with Azotobacter Chroococcum, Azospirillum brasilense and double-
inoculation of Azotobacter and Azospirillum) were randomize in subplots.  Experiment plots were seeded 
with S.C.704 cultivar with 75 cm row to row distance and 2 cm between plants. Maize was planted 
manually in August 2011. Seeds were sown 5 cm deep.  Weeds were removed by hand. Before planting 7g 
inoculation with 1g had 107 active and live bacteria, were used inoculating seeds. Seeds which must mix 
with Azotobacter+ Azospirillum, soaked with sugar water with concentration 2% and with ratio 2kg 
inoculation 100kg seeds.  After planting, irrigation was applied as required during the growing season. 
The maize was harvested in October 2011. For measurement of plant traits, two edge rows were 
eliminated as margin effects and one square meter of each plot was used for sampling. 
Plots consisted of sex plant lines with row spacing 25cm and 4m long. N and P fertilizer used based on soil 
test and plants need and phosphorous fertilizer also used based on soil test (Table 1). Total N fertilizer 
was split equally at planting the beginning of tillerig stage and stem stage.  After emergence and 
establishment of plants in 10-15 cm height stage, thinning was done to maintain a stronger plant and 
desirable density. 
 
Table 1. Soil physical and chemical properties of experimental area 

Soil 
texture 

Available P (mg 
kg-1) 

Available K (mg 
kg-1) 

Total N 
(%) 

Organic 
Carbon (%) 

E.C(dS/m
) pH 

clay 
loam 

1.09 220 0.08 0.66 1.09 7.0
5 

 
Crop sampling and calculation 
Agronomic traits including Number of row per ear, Number of grain per row,  1000-grain weight, grain 
yield, biological yield,  plant height that were measured after of physiology maturity by selected 10 plants 
of each experimental plot randomly.  Protein content was measured using Micro Kejeldahl digestion. 
Statistical analysis 
Data analysis was done by using SAS and MSTATC software. The ANOVA test was used to determine 
significant (p≤0.05) treatment effect and Duncan Multiple Range Test to determine significant difference 
between individual means. 
 
RESULTS AND DISCUSSION 
Plant height 
According to date variance analysis, deficit irrigation had significant difference on plant height (Table 2). 
As Table 3 showed the highest and the lowest plant height was obtained by 80 and 120 evaporation, 
respectively.  According to analysis of variance, bio-fertilizer had significant difference on plant height 
(Table 2). It is observed in Table 3 that dual inoculation with Azotobacter and Azospirillum caused to 21% 
increasing in plant height.  main cause was increasing nutrients up taking by plant, improving soil 
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properties such as organic content and increasing available N in general, plant height is influenced by 
water and nutrients availability through increasing number of nodes middle nodes length. It has been 
reported that inoculation chickpea of with PGPR enhances stem height [19]. Mekki and Amel [20] also 
claimed that application of bio-fertilizer increases plant height and dry weight of soybean. Interaction 
effect between deficit and bio-fertilizer was not affect on plant height, but the highest and lowest plant 
height was obtained from 80 mm and inoculation with Azotobacter and Azospirillum and 120 mm and 
non-inoculation treatment, respectively (Fig 1). 
  

Table 2 Analysis of variance for grain yield, yield components in deficit irrigation and bio-fertilizer 

Protein 
content 

Biological 
yield 

Grain 
yield 

1000-grain 
weight 

Number of 
grain per 

row 

Number of 
row per ear 

Plant 
height  df S.O.V. 

0.1 6187669 1684713 1743.6 83.6 85.6 2565 2 Replication 
*6.9 

**5521226
9 

**312239
6 

**4110.1 *246.3 * 29.5 
*1214.1 2 Cultivar 

0.9 1999546 1136169 115.1 30.1 9.2 112.2 4 Error a 
**0.8 

**2016981
2 

**716122
6 

**4010.2 **239.5 *13.5 
**3045.3 3 Bio-

fertilizer 
*0.01 **4111212 **414441 ns 99.9 ns 9.1 ns 4.3 ns 112.5 6 Interaction 
0.01 1556912 41598 79.1 8.4 3.3 55.3 18 Error b 
7.6 23.6 21.1 10.3 9.5 11.6 8.6 - CV% 

*: Significant at 0.05 level, **: Significant at 0.01 level 
 

 
Number of row per ear 
Number of row per ear was significant affected with deficit irrigation (Table 2). Mean comparisons 
indicated that the 80 and 120 mm evaporation had the highest and the lowest Number of row per ear, 
respectively (Table 3). Analysis of variance showed that Number of row per ear was affected by using bio-
fertilizer on number of row per ear (Table 2). Mean comparisons indicated that the Dual inoculation with 
Azotobacter+ Azospirillum and non inoculation evaporation had the highest and the lowest number of row 
per ear, respectively (Table 3). Yasari and Patwardhan [21] also indicated positive effect of bio-fertilizers 
on number of pod per plant in rapeseed.  Interaction effect between deficit and bio-fertilizer was not 
affect on number of row per ear, but the highest and lowest number of row per ear was obtained from 80 
mm and inoculation with Azotobacter and Azospirillum and 120 mm and non-inoculation treatment, 
respectively (Fig 2).  
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Table 3. Mean comparisons of deficit irrigation and bio-fertilizer on grain yield and yield components 
Treatment Plant height 

(cm)  

Number of 
row per ear 

Number of 
grain per 

row 

1000-grain 
weight (g) 

Grain yield 
(kg.ha-1) 

Biological yield 
(kg.ha-1) 

Protein 
content 

(%) 
Deficit  

irrigation  (mm) 
       

80 a 211.9 a 19.6 a 50.5 b 282 11289.1 a a 25123 b 10. 1 
100 b 194.9 ab 18.6 ab 43.6 a 310 b 10925.3 b 22269 ab 11.09 
120 186.1c ab 17.7 b 40.1 a 314.3 b 96509 b 19998 a 11.9 

Bio-fertilizer        
Non-inoculation c 179.1 b 16.1 c 38.2 c 279.6 d 9100 b 19413 c 10 

Azotobacter b 195.9 ab 18.8 b 44.1 b 303.9   9750 b  ab 22360 b 10.5 
Azospirillum b 203.1 ab 18.9 b 43.1 b 302.9 c 9689 b 22326 b 10.6 
Azot+ Azos a 213.1 a 20.9 a 49.1 a 326.7 a 10960 a 24123 a 10.9 
Means, in each column, followed by similar letter are not significantly different at the 5% probability 
level- using Duncan’s Multiple Range Test. 
 
 

 
 
Number of grain per row 
Number of grain per row is on of the important components of maize. Deficit irrigation affected 
significantly number of grain per row (Table 2). Mean comparisons indicated that the highest and the 
lowest number of grain per row by 80 and 120 evaporation, respectively (Table 3). Monneveux et al., [22] 
indicated that number of grains per row affected more reducing yielded in compared with drought stress. 
Zenselmeier et al., [23]  showed that, drought stress in flowering stage delayed tassels emergence. So 
tassels emerge when the pollination has done and no longer pollen has exists or reduced. Hence, no ovule, 
have fertilized and consequently no grain forms and this resulted in few grains formation at whole ear. 
Results of this study showed that there is a significant difference by deficit irrigation on number of grain 
per row (Table 2). According to the results, Dual inoculation with Azotobacter+ Azospirillum and non 
inoculation had the highest and the lowest number of grain per row, respectively. Thus it can said that 
double- inoculation of Azotobacter and Azospirillum caused to increasing sink portion and as a result 
increasing maize yield by increasing number of grain per row.  Bacteria, living within the root zone 
promote plant growth, it’s reproductively and nutrient uptake by releasing auxins and gibberellins [24]. 
Interaction effect between deficit and bio-fertilizer was not affect on number of grain per row, but the 
highest and lowest number of grain per row was obtained from 80 mm and inoculation with Azotobacter 
and Azospirillum and 120 mm and non-inoculation treatment, respectively (Fig 3).  
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1000-grain weight 
Results of analysis of variance indicated that there was a significant difference by deficit irrigation weight 
on 1000-grain weight (Table 2). Mean comparisons indicated that the highest and the lowest harvest 
index by 80 and 120 evaporation, respectively (Table 3). 
Thus it is seemed that water deficit would cause to reducing photosynthetic matters and decreasing leaf 
duration and producing less dry matter and as a result cause to fading grain and its weight. Campos et al., 
[25] reports showed that water deficit cause to decreasing stalk storage due to reducing photosynthesis 
content in maize and finally cause to reducing 1000-grains weight. Babaogli et al., [1] Also suggested  that, 
drought stress raising could led to dehydration stages faced with grain filling and resulted in less 
transmission of photosynthetic compounds to grains, that it decreased 100 grain weight.  
 Analysis of variance showed that there was a significant difference by bio-fertilizer on 1000-grain weight 
(Table2). 1000 grain weight also increased by using application bio-fertilizer. The highest and the lowest 
grain yield was obtained by dual inculcation with Azotobacter+ Azospirillum and non-inoculation 
treatment, respectively (Table 3). This is indicated the in fact that dual inculcation with Azotobacter+ 
Azospirillum was more effective than alone inoculation of them. On of the increasing 1000 grain weight 
under double- inoculation treatment was due to improving attributes such as leave number, ear length 
and height that finally caused to increasing assimilates production. Also due attention to longer period of 
ripening maize due to double- inoculation of Azotobacter and Azospirillum it is possible to transforming 
more photosynthetic matter from source to and as aresult increasing 1000 grain weight. Combined 
application of deficit irrigation and bio-fertilizer highly influenced deficit irrigation under water deficit 
stress. Meshram and Shende [26] suggested that Azospirillum increases root surface area and thus 
promotes intake of N, P, K, other nutrients, and water and consequently above ground weight of plants. 
Interaction effect between deficit and bio-fertilizer was not affect on 1000-grain weight, but the highest 
and lowest 1000-grain weight was obtained from 80 mm and inoculation with Azotobacter and 
Azospirillum and 120 mm and non-inoculation treatment, respectively (Fig 4).  
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Grain yield 
Analysis of variance showed that there was significant difference by deficit irrigation on grain yield (Table 
2). As Table 3 showed the highest grain yield was obtained by 80 evaporation. Drought stress reduces 
plant growth and yield through reduced leaf surface area and rate of photosynthesis. Tolk et al., [27] 
concluded in a study on various soil type and different irrigation levels effect on maize that grain yield 
will decrease due to limiting receivable water from below soil layers.  In general most attributes showed 
negative respond to water stress and grain yield affected by water stress more then other attributes due 
to sever decreasing number of grains per row ear length and 1000-grains weight. The present results 
agree with Thomas et al., [4] who recorded that the yield was reduced by 25% when water was excluded 
during vegetative growth, whereas yield was reduced by 59% when water stress was imposed at 
flowering stage. Maleki et al.,  [28] also indicated that drought stress can reduce grain and yield 
components of soybean. Results obtained from analysis of variance indicated that there are significant 
differences by using bio-fertilizer on grain yield (Table 2). Mean comparison indicated that dual 
inoculation with Azotobacter and Azospirillum had the highest grain yield and non inoculation treatment 
had the lowest grain yield. Also it is showed in Table 3 that Azotobacter is more effective than 
Azospirillum on grain yield due to more role of Azotobacter in up taking N produced by biological fixing by 
this. Bacteria that finally will cause to more grain yield of plant. Interaction effect of deficit irrigation and 
bio-fertilizer was significant effect on grain yield (Table 2). As Fig 4 showed, the highest ant the lowest 
grain yield was obtained by 80 mm and dual inoculation with Azotobacter and Azospirillum and 120 mm 
and non inoculation respectively Fig 5). These observations indicated that addition of bio-fertilizer 
mitigated the harmful effect of water stress. Kloepper et al., [29]  has been shown that wheat yield 
increased up to 30% with Azotobacter inoculation and up to 43% with Bacillus inoculation. Strains of 
Pseudomonas putida and Pseudomonas fluorescens could increase root and shoot elongation in rapeseed 
[30].  Also This finding is agreement with [31-32-33] they reported that bio-fertilizer caused increasing of 
grain yield due to improve of yield components in safflower, rapeseed and barley plant, respectively . It 
was also evident that bio-fertilizer are able to enhance plant growth of maize plants, leading to improved 
plant tolerance under drought stress.  

 
 
Biological yield  
Biological yield was significant affected by deficit irrigation (Table 2).  Results related to biological yield 
of Table 3 showed that 80 and 100 mm had the highest and the lowest biological yield, respectively (Table 
3).   Cosculleola and Fact [34]  observed that leaf water potential reduced increasingly and dry matter 
yield would reduce due to increasing water stress. Results of analyzing data variance also showed a 
significant different by application bio-fertilizer on biological yield. Bio-fertilizer also had a positive 
affection biological yield. Using bio-fertilizers resulted in improving this trait, but the highest and lowest 
biological yield was obtained by dual inoculation with Azotobacter+ Azospirillum and non inoculation, 
respectively (Table 3). It is seem that growth prompting bacteria caused to increasing biological yield 
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through affecting plant dry weight and allocating more dry matter to vegetative organs. Nanda et al., [35] 
reported that inoculating maize seed with Azotobacter and Azospirillum caused to increasing biological 
yield. This is explaining due attention to giberlines cause to increasing cells growth specially middle 
nodes and oxines cause to more cell division and as a result plant height, stem diameter and leave number 
per ear increase. This study has shown that use of bio-fertilizer could improve plant growth and biological 
yield of corn crops, and thus a reduction in the use of chemical fertilizer and the corresponding 
production cost of the crop. Interaction effect between deficit and bio-fertilizer was affect on biological 
yield, the highest and lowest biological yield was obtained from 80 mm and inoculation with Azotobacter 
and Azospirillum and 120 mm and non-inoculation treatment, respectively (Fig 6). 

 
 
Protein content 
Protein content was affected by deficit irrigation (Table 2). Mean comparisons indicated that the highest 
and the lowest protein content was obtained by 120 and 80 mm respectively (Table 3).  Protein content 
was affected by bio-fertilizer (Table 2). Mean comparisons indicated that the highest and the lowest 
protein content was obtained by Dual inoculation with Azotobacter+ Azospirillum and t non inoculation, 
respectively (Table 3). Since Azotobacter and Azospirillum are N fixing bacteria and N is basic matter to 
forming protein treatment.  
Shehata and EL-Khawas [36]  studied bio-fertilizers effect on growth parameter yield and yield 
components of sunflower and they found that usingbio-fertilizers including growth prompting bacteria 
improved the sunflower yield and qualitative parameters in compared with control (non inoculation) 
treatment and as a result caused to increasing protein content.  
Interaction effect between deficit and bio-fertilizer was affect on protein content, the highest and lowest 
protein content was obtained from 80 mm and inoculation with Azotobacter and Azospirillum and 120 
mm and non-inoculation treatment, respectively (Fig 7). 
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CONCLUSION 
Results of this study showed that drought stress caused decreases of yield and its component and 
measured indices such as number of row per ear, number of grain per row and 1000-grain weight, 
biological yield, plant height and protein content. Drought stress is a major abiotic constraint responsible 
for heavy production losses. Results of this study also showed that dual inoculation with Azotobacter and 
Azospirillum was most effective treatment in all deficit irrigation, caused to increasing yield and yield 
components of maize. This is indicated that using bio-fertilizer as a dual inoculation caused to increasing 
maize yield via synergistic effects by improving growth prompting hormones, controlling pathogenesis 
and growth reducing agents due to producing fungicide antibiotics and compounds (antagonistic effect) 
and also air molloculal N fixing and also producing growth prompting hormones such as oxine, 
cytokenine and giberlines and solving mineral compound.  Also our study showed that chemical fertilizer 
combined with bio-fertilizer was beneficial to the environment because with decreasing the use of 
chemical fertilizer and use of organic inputs we can side with sustainable agriculture. 
 
ACKNOWLEDGEMENT 
The authors would like to thank Amir Mirzaei for his comments that help improve the manuscript. 
 
REFERENCES  
1. Babaogli, F., Rahimzadeh Khoeai, F. & Yarnia, M.  (2012). Effect of biological fertilizer on yield and yield 

components of corn (Zea mays L.) CV. S.C. 504 in drought condition.  J. Appl. Environ. Biol. Sci., 2 (3): 117-122. 
2. Naseri, R.,  Soleymanifard,  A. & Solemani, R. (2010). Yield and yield components dry land cultivars as influenced 

by supplementary irrigation at different growth stages. American-Eurasian J. Agric. & Environ. Sci., 7 (6): 684-
688, 2010. 

3. Tawfik, K.M. (2008). Effect of water stress in addition to potassium application on mungbean. Australian Journal 
of Basic and Applied Sciences, 2(1): 42-52. 

4. Thomas, M., Robertson J., Fukai, S, Peoples M.B. (2004). The effect of timing and severity of water deficit on 
growth, development, yield accumulation and nitrogen fixation of mungbean. Field Crops Research, 86: 67-80. 

5. Alahdadi, I., Zarabi, M., Shojaei, MS., Akbari, GA. & Ghorchiani. M. (2011). Evaluation of the effects of combined 
chemical and biological fertilizers on yield, physiological and morphological characteristics of drought stressed 
corn (Zea mays L.). International Journal of AgriScience.  1(5): 926-209.  

6. Schuppler, U., John, P.C.L. & Munns, R. (1998). Effects of water stress on cell division and cell-divisioncycle- 2-like 
cell-cycle kinase activity in wheat leaves, Plant Physiol., 117: 667-678. 

7. Ashraf, M. &  Ibram, A. (2005). Drought stress induced changes in some organic substances in nodules and other 
plant parts of two potential legumes differing in salt tolerance. Flora, 200: 535-546. 

8. Slama, I., Messedi, D.,  Ghnaya, T., Savoure,  A. &  Abdelly, C.  (2006). Effect of water deficit on growth and proline 
metabolism in Sesuvium portulacastrum. Envi. and Exper. Botany, 56: 231-238. 

9. Dıaz-Zorita, M., Ferna´ndez-Canigia M. (2009). Field performance of a liquid formulation of Azospirillum 
brasilense on dryland wheat productivity. European journal of soil biology. 1-9.  

10. Sahin, F.,  Cakmakci,  R. & Kantar,  F.  (2004). Sugar beet and barley yields rel in ation to inoculation with N2-
fixing and phosphate solubilizing bacteria. Plant and Soil. 265:123-129. 

11. Ojaghloo, F.,  Farahvash,  F.,  Hassan-zadeh,  A. & Pour-yusef M. (2007). Effect of inoculation with Azotobacter and 
barvar phosphate biofertilizers on yield of safflower (Carthamus tinctorius L.). Journal of Agricultural Sciences, 
Islamic Azad University, Tabriz Branch. 3: 25-30. 

Naseri et al 



BEPLS Vol 2 [10] September 2013   112 | P a g e      ©2013 AE LS, India 

12. Asghar, HN.,  Zahir, ZA.,  Arshad,  M.   & Khaliq, A.  (2002). Relationship between in vitro production of auxins by 
rhizobacteria and their growth promoting activities in Brassica juncea. L. Bio. Fertil. Soil. 35: 231-237.  

13. Salantur,  A.,  Ozturk,  A.,  Akten, S.,  Sahin,  F. &  Donmez F.  ( 2005). Effect of inoculation with non-indigenous 
and indigenous rhizobacteria of Erzurum (Turkey) origin on growth and yield of spring barley. Plant and Soil.  
275:147-156 

14. Ozturk, A., Caglar, O. & Sahin, F. (2003).  Yield response of wheat and barley to inoculation of plant growth 
promoting rhizobacteria at various levels of nitrogen fertilization. J. Plant. Nutr. Soil Sci. 166: 262-266. 

15. Salantur, A.,  Ozturk, A. & Akten S.  (2006). Growth and yield response of spring wheat (Triticum aestivum L.) to 
inoculation with rhizobacteria. Plant. Soil. Environ. 52 (3):111-118. 

16. Egamberdiyeva,  D. (2007). The effect of plant growth promoting bacteria on growth and nutrient uptake of 
maize in two different soils. Appl. Soil. Eco. 36: 184-189. 

17. Cattelan, A.J.,  Hartel, P.G. & Fuhrmann, J.J. (1999). Screening for plant growth-promoting rhizobacteria to 
promote early soybean growth. Soil Sci.Soc.Am. J. 63: 1670-1680. 

18. Cakmakc,  R.I.,  Aydın, D.F. & Sahin, A.F. (2006). Growth promotion of plants by plant growth-promoting 
rhizobacteria under greenhouse and two different field soil conditions. Soil Biol. Biochem38:1482–1487.  

19. Rabieyan, Z., Yarnia, M. & Kazemi-e-Arbat, H. (2011). Effects of bio-fertilizers on yield and yield components of 
chickpea (Cicer arietinum L.) under different irrigation levels. Australian Journal of Basic and Applied Sciences, 
5(12): 3139-3145 

20. Mekki, B.B. & Amel,  AG. (2005). Growth, yield and seed quality of soybean (Glycine max L.) as affected by organic, 
bio-fertilizers and yeast application. Agriculture and Biological Sciences, 1: 320-324. 

21. Yasari, E. & Patwardhan, AM. (2007). Effects of Aztobacter and Azospirillium inoculations and chemical fertilizers 
on growth and productivity of canola. Asi. J .Plant .Sci.  6 (1): 77-82. 

22. Monneveux, P., Sanchez, C., Beck, D. & Edmeds, G.O. (2006). Drought tolerance improvement in topical maize 
source populations: evidence of progress. Crop Sci., 46: 180-191. 

23. Zenselmeier, C.,  Westgate, M.E. & Jones, R.J. (1998). Kernel set at low water potential does not vary with source 
sink ratio in maize. Crop Sci. 35: 158-163. 

24. Kader, M.A. (2002). Effects of Azotobacter inoculants on the yield and nitrogen uptake by wheat. Journal of 
Biological Science, 2: 259-261. 

25. Campos, H., Cooper, M.,  Habben,  J.E.,  Edmeades, G.O. & Schussler,  J.R. (2004). Improving drought tolerance in 
maize view from industry. Field Crop Res., 90: 19-34. 

26. Meshram, SU. & Shende,  S.T. (1993). Total nitrogen uptake by maize with Azotobacter inoculation. Plant and Soil. 
69: 275-280. 

27. Tolk, J.A.,  Howell,  T.A. & Evett,  S.R. (1998) Evapotranspiration and yield of corn growth on three height plains. 
Agron. J., 4: 447-454. 

28. Maleki, A., Naderi, A., Naseri, R., Fathi, A., Bahamin, S. & Maleki. R. (2013). Physiological Performance of Soybean 
Cultivars under Drought Stress. Bull. Env. Pharmacol. Life Sci. 2 (6): 38-44. 

29. Kloepper, J.W. &  Beauchamp, C.J. (1992). A review of issues related to measuring of plant roots by bacteria. Can. 
J. Microbiol. 38: 1219-1232.  

30. Glick, B.R.,  Changping,  L.,  Sibdas,  G. & Dumbroff,  E.B. (1997).  Early development of canola seedlings in the 
presence of the plant growth promoting rhizobacterium Pseudomonas putida GR12-2. Soil Biol. Biochem. 29: 
1233-1239.  

31. Naseri,  R.& Mirzaei,  A. (2010). Response of yield and yield components of Safflower (Carthamus tinctorius L.) to 
seed inoculation with Azotobacter and Azospirillum and different nitrogen levels under dry land condition. 
American-Eurasian J. Agric. & Environ. Sci. 9 (4): 445-449. 2010. 

32. Naseri, R., Maleki, A., Naserirad, H.,  Shebibi,  S. &  Omidian, A. (2013). Effect of Plant Growth Promoting 
Rhizobacteria (PGPR) on reduction nitrogen fertilizer application in rapeseed (Brassica napus L.) Middle-East 
Journal of Scientific Research 14 (2): 213-220.  

33. Naseri, R.,  Azadi, S., Rahimi, M.J., Maleki,  A. &  Mirzaie, A. (2013).  Effects of inoculation with Azotobacter 
Chroococcum and Pseudomonas Putida on yield and some of important agronomic traits in barley (Hordeum 
vulgar L.). International Journal of Agronomy and Plant Production. International Journal of Agronomy and Plant 
Production. 4 (7): 1602-1610. 

34. Cosculleola, F. & Fact, J.M. (1992). Determination of the maize (Zea mays L.) yield functions in respect to water 
using a line source sprinkler. Field Crops Abst., 93: 5611-5612. 

35. Nanda, S.S., Swain, K.C., Panda, S.C., Mohanty, A.K. & Alim. M.A. (1995) Effect of nitrogen and biofertilizers in 
fodder rainfed upland conditions of Orisa. Current Agricultural Research, 8: 45-47. 

36. Shehata, M.M., & EL-Khawas, S.A. (2003). Effect of two bio-fertilizers on growth parameters, yield characters, 
nitrogenous components, nucleic acids content, minerals, oil content, protein profiles and DNA banding pattern 
of sunflower yield. Pakistan Journal of Biological Sciences. 14 (6): 1257-1268. 

 
How to cite this article 
Rahim Naseri, Ali Moghada, Fereshteh  Darab, Ali Hatami, and Gholam Reza Tahmasebei. The Effect of deficit 
irrigation and Azotobacter Chroococcum and Azospirillum brasilense  on grain yield, yield components of maize (S.C. 
704) as a second cropping in western Iran. Bull. Env. Pharmacol. Life Sci., Vol 2 (10) September  2013: 104-112. 
 
 

Naseri et al 


