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ABSTRACT 

A field experiment was laid out to determine the effects of irrigation period and foliar application of  

Zn and Fe nutrient on yield and yield components of maize (SC600 hybrid) on a loam clay soil, in 

Islamic Azad University of Boroujerd, Iran, during the growing seasons 2013- 2014. The 

experiment was laid out in a split-plot arrangement based on randomized block design with three 

replications. Treatments were different irrigation periods (7, 14 and 21 days) in main plots and 

foliar application of Zn and Fe in three levels of (Zn+Fe with 1.5 in 1000 concentration, Zn with 

2 in 1000 concentration and Fe with 2 in 1000 concentration) with control treatment in sub plots. 

Results showed that the effect of drought stress and foliar application of Zn and Fe nutrients on 

all traits were significant. However the interaction effect of drought stress and foliar application 

of Zn and Fe nutrients on 100 grain weight, grain yield and harvest index only. The comparison 

of the mean values of traits showed that 7 day irrigation period treatment had the highest plant 

height, number of row per cob, number of grain per cob and biomass yield and 21 day irrigation 

period treatment had the lowest of them. In foliar application of Zn and Fe treatments combined 

application of Zn+Fe treatment had the highest plant height, number of row per cob, number of 

grain per cob and biomass yield and control treatment had the lowest of them. However, the 

application of Zn+Fe treatment in 7 day irrigation period treatment had the highest 100-grain 

weight and grain yield and non application of any of Zn and Fe in 21 day irrigation period 

mailto:Aminfarnia@yahoo.com


Amin Farnia et al                                                                                                                          Research Article 
 

 
692 

IJBPAS, October, 2015, 4(10), Special Issue 

treatment had the lowest of them. In final results showed that maximum production of maize was 

recorded for non drought stress treatment and was followed by application of foliar application of 

Zn+Fe nutrients, while severe water stress and non application of any of nutrients produced 

minimum production.  

Key words: Droght atress, maize, Zn+Fe nutrients 
INTRODUCTION 

Foliar application of some nutrients as top 

dressing was more useful than soil 

application of them. Zn and Fe are 

considered to be two of the smallest 

nutritious elements for many organisms. Zinc 

plays an important role as a metal component 

of enzymes or as a functional, structural, or 

regulator cofactor of a large number of 

enzymes (Marschner, 1986).Nearly 200 

enzymes and transcription elements of zinc 

need it as one of the most essential 

components. Zinc plays an important role in 

protein and carbohydrates syntheses. It also 

has effects on growth of stem and root 

(Kabata-Pendias, 1999). Mahady (1990) 

found that foliar application of Zn SO for 

faba bean plants increased number of 

pods/plant and seed yield/fed. Soleimani 

(2006) reported increase in biological yield 

for foliar application of zinc. Fecenko and 

Lozek (1998) studied the effect of zinc 

sources on yield, protein percentage and 

macronutrient absorption in corn, and they 

witnessed that by three years of manure, the 

average amount of grain protein was 

significantly increased. Torun et al. (2001) 

and Grewal et al. (1997) reported increased 

wheat production with application of zinc 

and boron over control. Grain protein content 

and baking quality highly depend on genetic 

background and environmental factors, 

especially influence of drought and heat 

stress, during the grain filling period (Luo et 

al., 2000; Ottman et al., 2000). Marshner 

(1993) reported that, by increasing 

consumption of Iron and zinc in corn, we can 

witness that the total amount of carbohydrate 

and grain protein is increased, and as a result 

the gain weight, number of grains and at last 

yield will be increased as well. Tahmasebi et 

al (2003) declared that by increasing amounts 

of zinc, absorption of nitrogen will be 

decreased by the plant, yet potassium 

absorption will be increased. They also 

concluded that the most balanced status 

between nitrogen, phosphor and potassium 

absorption with 20 kilograms zinc sulfate per 

hectare was observed in saline soils.  

   Drought stress causes deceleration of cell 

enlargement and thus reduces stem length by 
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inhibiting inter nodal elongation and also 

checks the tillering capacity of plants (Ashraf 

and O'Leary, 1996).  The role of water for the 

plants have consequences directly or 

indirectly, plant water deficit will affect the 

plant metabolism by resulting in impaired 

growth (Pugnaire and Pardos, 1999). 

Therefore, the main cause of decreased grain 

yield in drought stress treatments seemed to 

be significant decrease in grain number per 

cob. Water loss in the plant tissue will 

decrease cell turgor, increasing the 

concentration of macro-molecules and water 

chemical compounds in plants (Mubiyanto, 

1997). Several studies have also shown that 

optimum yield can be obtained with 

irrigation at branching, flowering and pod 

formation stages (Prihar and Sandhu, 1968). 

Dry stress may cause some problems in 

absorbing process or the process of nutrient 

accumulation, this can not only lead to 

fertilizer loss but also causes decrease in 

yield of grain and plants (Chogan et al, 

2004). Kiyatno (1993) in soybean stated that 

water stress will reduce net assimilation rate, 

root length, root dry weight, root-canopy 

ratio, number of roots, plant height, plant dry 

weight, number of pods and weight of 100 

seeds. However, other researchers Sariyah 

(1992) stated that increasing water stress will 

decrease of leaf water potential, relative 

growth rate, dry seed weight, plant height, 

number of pods and seed yield per plant. 

 Therefore this study was planned to examine 

effect of irrigation period and foliar 

application of  Zn and Fe nutrient on yield 

and yield components of maize (SC600 

hybrid). 

MATERIALS AND METHODS  

 A field experiment was laid out in order to 

evaluate the effects of drought stress, single 

and integrated application of Zn and Fe 

fertilizer on yield and yield components of 

maize (SC600 hybrid)in the faculty of 

agronomy and plant breeding, Islamic Azad 

University, Boroujerd Branch (experiment 

station: Hamedan), Iran during the growing 

seasons 2013- 2014. Soil property of 

experimental field showed in table1. 

Table 1: Soil property of experiment site 
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The experiment was laid out in a split-plot 

arrangement based on randomized block 

design with three replications. Treatments 

were different irrigation periods (7, 14 and 

21 days) in main plots and foliar application 

of Zn and Fe in three levels of (Zn+Fe with 

1.5 in 1000 concentration, Zn with 2 in 1000 

concentration and Fe with 2 in 1000 

concentration) with control treatment in sub 

plots. Foliar use of treatment was applied in 

early times of morning.  

In this field experiment there were 6 rows in 

each plots and rows were 6 m long with 0.75 

m row spacing and plant to plant spacing was 

18 cm too. At maturity, two outer rows for 

each plot, 50 cm from each end of the plots, 

were left as borders and the middle 3m2 of 

the four central rows were harvested. Then 

yield components were calculated as standard 

methods with using 8 plant. To determine 

grain yield and biomass yield, we removed 

and cleaned all the seeds produced within 

middle 3m2 of the four central rows in each 

plot. Then grain yield and biomass yield 

recorded on a dry weight basis. Yield was 

defined in terms of grams per square meter 

and quintals per hectare. Replicated samples 

of clean seed (broken grain and foreign 

material removed) were sampled randomly 

and 1000-grain were counted and weighed.  

The harvest index was accounted with 

follow: 

HI = (Economical yield / Biological yield) 

Then, statistical analyses to determine the 

individual and interactive effects of different 

irrigation periods and foliar application of Zn 

and Fe were conducted using JMP 5.0.1.2 

(SAS Institute Inc., 2002). Statistical 

significance was declared at P≤0.05 and 

P≤0.01. Treatment effects from the two runs 

of experiments followed a similar trend, and 

thus the data from the two independent runs 

were combined in the analysis.  

RESULTS AND DISCUSSION 

Plant height: results of analysis of variance 

showed that, the effect of irrigation period 

and foliar application of Zn and Fe on plant 

height was significant only (table 2). The 

comparison of the mean values of the plant 

height showed that 7 day irrigation period 

treatment had the highest (216cm) plant 

height and 21 day irrigation period treatment 

had the lowest (167cm) plant height (fig 1). 

In foliar application of Zn and Fe treatments 

combined application of Zn+Fe treatment 

had the highest (205cm) plant height and 

control treatment had the lowest (188cm) 

plant height and the differences were 

significant (fig 2). 
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Table 2: Analysis of variance (mean squares) for yield, yield components of maize under water stress 
and foliar application of Zn and Fe 

treatments df 
Plant 
height 

number 
of row 
per cob 

number 
of grain 
per cob 

100 
grain 
weight biomass yield grain yield 

harvest 
index 

R 2 58 1.59 3687 0.02 5.1 0.22 12.6 
Irrigation (A) 2 812** 35.5** 15255** 269** 264** 137** 1532** 

Ea 4 49 0.79 480 3 3.3 0.6 96 
Foliar 

application of 
Zn and Fe (B) 3 423* 18.8** 16433** 40.5** 54** 25** 229** 

A*B 6 58 2.1 898 9.27* 0.52 3.6** 96** 
Eb 18 101 0.9 593 2.3 0.5 0.33 14 

CV(%)  5.1 7.3 5.6 8 4.8 10.8 11.3 
ns: Non-significant, * and **: Significant at 5% and 1% probability levels, respectively 
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Figure 1: Effect of different irrigation period on plant height in maize. 

Means by the uncommon letter in each column are significantly different (p<0.05) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Effect of integrated application of Zn and Fe on plant height in maize. 
Means by the uncommon letter in each column are significantly different (p<0.05) 
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Number of row per cob: The analysis of 

variance showed that the effect of irrigation 

period and application of Zn and Fe nutrient 

on number of row per cob was significant 

(table 2). The comparison of the mean values 

of the number of row per cob for irrigation 

period showed that 7 day irrigation period 

treatments had the highest (15) number of 

row per cob  and 21 day irrigation period 

treatment had the lowest (11) number of row 

per cob (fig 3). In foliar application of Zn 

and Fe treatments combined application of 

Zn and Fe treatment had the highest (14.5) 

number of row per cob and control treatment 

had the lowest (10.3) number of row per cob 

and the differences were significant (fig 4). 
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Figure 3. Effect of different irrigation period on number of row per cob in maize. 
Means by the uncommon letter in each column are significantly different (p<0.05) 
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Figure 4: Effect of integrated application of Zn and Fe on number of row per cob in maize. 
Means by the uncommon letter in each column are significantly different (p<0.05) 
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Number of grain per cob: The analysis of 

variance showed that the effect of irrigation 

period and application of Zn and Fe nutrient 

on number of grain per cob was significant 

(table 2). Also, the comparison of the mean 

values of the number of grain per cob for 

irrigation period showed that 7 day irrigation 

period treatment had the highest (530) 

number of grain per cob and 21 day 

irrigation period treatment had the lowest 

(335) number of grain per cob (fig 5). In 

foliar application of Zn and Fe treatments 

combined application of Zn and Fe 

treatment had the highest (492) number of 

grain per cob and control treatment had the 

lowest (400) number of grain per cob (fig 6). 
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Figure 5. Effect of different irrigation period on number of grain per cob in maize. 

Means by the uncommon letter in each column are significantly different (p<0.05) 
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Figure 6: Effect of integrated application of Zn and Fe on number of grain per cob in maize. 
Means by the uncommon letter in each column are significantly different (p<0.05) 
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100 grain weight: The results showed that 

the effect of irrigation period, application of 

Zn and Fe nutrient and interaction between 

them on 100-grain weight were significant 

(table 2). The comparison of the mean 

values of the 100-grain weight for 

interaction between irrigation period and 

application of Zn and Fe nutrient showed 

that application of Zn+Fe treatment in 7 day 

irrigation period treatment had the highest 

(27g) 100-grain weight and non application 

of any of Zn and Fe in 21 day irrigation 

period treatment had the lowest (14.5g) 100-

grain weight (figure 7). 
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Figure 7: Effect of irrigation period and integrated application of Zn and Fe on 100 grain weight in maize 

Means by the uncommon letter in each column are significantly different (p<0.05) 
 

 

Biomass yield: The analysis of variance 

showed that the effect of irrigation period 

and application of Zn and Fe nutrient on 

biomass yield was significant (table 2). 

Also, the comparison of the mean values of 

the biomass for irrigation period showed that 

7 day irrigation period treatment had the 

highest (20 ton/ha) biomass yield and 21 day 

irrigation period treatment had the lowest 

(10.5 ton/ha) biomass yield (fig 8). In foliar 

application of Zn and Fe treatments 

combined application of Zn and Fe 

treatment had the highest (17.2 ton/ha) 

biomass yield and control treatment had the 

lowest (11 ton/ha) biomass yield (fig 9). 
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Figure 8. Effect of irrigation period on biomass yield in maize. 

Means by the uncommon letter in each column are significantly different (p<0.05) 
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Figure 9: Effect of integrated application of Zn and Fe on biomass yield in maize 

Means by the uncommon letter in each column are significantly different (p<0.05) 
 

Grain yield: The results showed that the 

effect of irrigation period, application of Zn 

and Fe nutrient and interaction between them 

on grain yield were significant (table 2). The 

comparison of the mean values of the grain 

yield for interaction between irrigation period 

and application of Zn and Fe nutrient showed 

that application of Zn+Fe treatment in 7 day 

irrigation period treatment had the highest 

(11.7 ton/ha) grain yield and non application 

of any of Zn and Fe in 21 day irrigation 

period treatment had the lowest (2 ton/ha) 

grain yield (fig 10). 

Harvest index (HI): The effect of irrigation 

period, application of Zn and Fe nutrient and 
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interaction between them on harvest index 

were significant (table 2). The comparison of 

the mean values showed that application of 

Zn+Fe treatment in 7 day irrigation period 

treatment had the highest (52%) harvest 

index and application of Zn nutrient in 21 

day irrigation period treatment had the lowest 

(20%) harvest index (fig 11). 
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Figure 10: Effect of irrigation period and integrated application of Zn and Fe on grain yield in maize. 

Means by the uncommon letter in each column are significantly different (p<0.05) 
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Figure 11: Effect of irrigation period and integrated application of Zn and Fe on harvest index in maize. 
Means by the uncommon letter in each column are significantly different (p<0.05) 
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Garg et al (2004) and Samarah et al (2004) told 

that drought stress is deleterious for plant growth, 

yield and mineral nutrition. However, the results 

of this study reviled that the effect of drought 

stress and foliar application of Zn and on all traits 

were significant but the interaction effect of them 

on 100grain weight, grain yield and harvest index 

were significant only (table 2). Mean comparison 

for all traits showed that showed that maize (SC 

600 hybrid) grain yield and yield components 

decreased significantly with the increase of 

irrigation period but, increased with application of 

Zn and Fe specially Zn+Fe treatment. In the 

present study reduction in plant height, number of 

row per cob and number of grain per cob under 

water stress treatments was founded that may be 

attributed to the limitation of dry matter 

partitioning to the reproductive sink or even grain 

formation factors as has been reported by Turk et 

al (1980). However, Singh and Bhushan (1980) 

told that soil moisture status during the 

reproductive phase of crops plays an important 

role to determine the impact of yield component 

in final grain yield. The number of row and grain 

per cob in 7 day irrigation period giving more 

than 21 day irrigation period significantly. The 

significant reduction in number of total grains in 

plant under drought stress may be attributed to the 

abscission of the reproductive structures. 

Maximum number of row and grain per plant 

fonded at Zn+Fe fertilizer and this treatment had 

significant difference with other treatments. Ziska 

and Hall (1983) and Gwathmey and Hall (1992) 

reported similar results. 

However in the present study results showed that, 

application of Zn+Fe treatment in 7 day 

irrigation period treatment had the highest 100-

grain weight and non application of any of Zn 

and Fe in 21 day irrigation period treatment had 

the lowest 100-grain weight (figure 7). Kiyatno 

(1993) in soybean stated that water stress will 

reduce net assimilation rate, root length, root dry 

weight, root-canopy ratio, number of roots, plant 

height, plant dry weight, number of pods and 

weight of 100 seeds. However, other researchers 

Sariyah (1992) stated that increasing water stress 

will decrease of leaf water potential, relative 

growth rate, dry seed weight, plant height, 

number of pods and seed yield per plant. In the 

present study application of Zn and Fe fertilizer 

specially Zn+Fe treatment rather than other 

treatments decreased negative effects of drought 

stress in 14 and 21 days irrigation period.  

Biomass and grain yield, however and harvest 

index decreased by increasing of irrigation 

period, but Zn and Fe fertilizers decreased this 

negative effects. For irrigation period showed 

that 7 day irrigation period treatment had the 

highest biomass yield and 21 day irrigation 

period treatment had the lowest biomass 

yield (fig 8). In foliar application of Zn and 

Fe treatments combined application of Zn 
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and Fe treatment had the highest biomass 

yield and control treatment had the lowest 

biomass yield (fig 9). Maximum production 

of grain yield and achieve to highest harvest 

index was founded at application of Zn+Fe 

treatment in 7 day irrigation period treatment.  

The grain yield in the drought stress condition 

was restricted by limited moisture availability. 

Drought occurrence in relation to anthesis stage 

causes a drastic reduction in yield and yield 

components (Seghatoleslami et al., 2008). 

Decreasing in the growth variables observed of 

maize production due to increased drought 

stress due to suspected impaired nutrient 

transport from the leaves to the seeds. Water 

play an important role in the translocation of 

nutrients within the plant. Leaves as a source 

assimilate and act as seed storage. During seed 

development, assimilate transported from 

leaves to seeds. Other influences of water stress 

resulting assimilate movement speed decrease. 

Water loss in the plant tissue will decrease cell 

turgor, increasing the concentration of macro-

molecules and water chemical compounds in 

plants (Mubiyanto, 1997). Pandey et al (2002) 

stated that the maximum water consumption by 

the corn is almost when silk rating or 

immediately after that. Water deficit when 

tasselling and silk rating along with decreased 

grain number per ear decreases grain yield the 

most. The role of water for the plants have 

consequences directly or indirectly, plant water 

deficit will affect the plant metabolism by 

resulting in impaired growth (Pugnaire and 

Pardos, 1999). Therefore, the main cause of 

decreased grain yield in drought stress 

treatments seemed to be significant decrease in 

grain number per cob. In the present study, the 

reduction in grain yield under water stress was 

associated with dramatic decrease in all yield 

components. Thalooth et al (2006) reported 

that zinc spraying under water stress 

conditions, had positive effect on growth, 

yield, and yield components of plants. The 

findings of this experiment conformed to the 

results obtained by Sheykhbagloo et al (2009). 

This result was also supported by the other 

researchers (Mojadam, 2006 and Lack, 2006).   

In maize, the final grain yield is dependent on 

the number of cob per plant, number of grains 

per cob and the extent to which grains are 

filled. Folier application of Zn and Fe nutrient 

had a positive effect on the grain yield, 

biomass yield and yield components of maize. 

Positive effect of foliar application of these 

nutrients is due to synergistic effect of them on 

yield and yield components. Supporting 

evidences were reported by many researchers 

(Ziska and Hall, 1983; Ludlow and Mushow, 

1990). They attributed the reduction in grain 

yield under water stress to the reduction in 

number of grain per plant, biomass yield and 
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grain weight. Turk and Hall (1980) attributed 

the reduction in grain yield under drought 

stress to the secondary detrimental effects of 

drought avoidance on CO2 assimilation.  

Harvest index was dramatically decreased with 

increased in irrigation period and non 

application of any Zn nutrient treatments. The 

comparison of the mean values showed that 

application of Zn+Fe treatment in 7 day 

irrigation period treatment had the highest 

harvest index and application of Zn nutrient in 

21 day irrigation period treatment had the 

lowest harvest index (fig 11). Synergistic effect 

of Zn and Fe was affected on harvest index and 

both foliar application of them was more useful 

rather than single application of them.  

CONCLUSION 

Maximum production of maize was recorded for 

non drought stress treatment and was followed by 

application of foliar application of Zn+Fe 

nutrients, while severe water stress and non 

application of any of nutrients produced 

minimum production. Results of this experiment 

showed that application of Zn+Fe nutrient had 

better effect on grain yield and yield components 

compared to single application of them and 

control.  

REFERENCE 

1. Sarjiyah. 1992. Peride kritis tanaman 

kedelai terhadap kekurangan air pada 

tingkat kadar lengas tanah yang berbeda. 

Tesis Pascasarjana UGM. Yogyakarta. 90 p. 

2. Kiyatno, 1993. Pengaruh hara kalium atas 

daya adaptasi tanaman kedelai terhadap 

stress air pada tanah latosol. Tesis 

Pascasarjana UGM. 93 p. 

3. Mubiyanto, B.M. 1997. Tanggapan 

tanaman kopi terhadap cekaman air. Warta 

Puslit kopi dan Kakao 13(2) : 83-95. 

4. Pugnaire, F.I., L. Serrano and J. Pardos. 

1999. Constrains by Water stress on plant 

growth. P 271-283. In M. Pessarakli (Ed.). 

Handbook of plant and crop stress. 2nd 

Marcell Dekker. New York. 

5. Ashraf M, Oleary JW. 1996. Effect of 

drought stress on growth, water relations 

and gas exchange of two lines of sunflower 

differing in degree of salt tolerance. Int. J. 

Plant Sci, 157: 729-732. 

6. Chogan, R., M. Benziger, J. Emadmidz, 

Debkramem and Blown, 2004. „Breeding 

corn for tolerance of drought stress and 

nitrogen, Publications of the Agricultural 

Jihad Organization, p. 95. 

7. Fecenko, J. and O. Lozek, 1998. Maize 

grain yield formation in dependence on 

applied zinc doses and is cantension soil, 

Rostilinna Vyroba UZP, 44(1): 15-18. 

8. Garg BK, Burman U, Kathju S. 2004. The 

influence of phosphorus nutrition on the 

physiological response of moth bean 



Amin Farnia et al                                                                                                                          Research Article 
 

 
704 

IJBPAS, October, 2015, 4(10), Special Issue 

genotypes to drought. J. Plant. Nutr. Soil. 

Sci, 167: 503–508. 

9. Grewal HS, Zhonggu L, Graham RD. 1997. 

Influence of subsoil zinc ondry matter 

production, seed yield and distribution of 

zinc in oilseed rape genotypes differing in 

zinc efficiency. Plant and Soil, 192(2): 181-

189. 

10. Gwathmey CO, Hall AE. 1992. Adaptation 

to midseason drought of cowpea genotypes 

with contrasting senescence traits. Crop. Sci 

32: 773-778. 

11. Kabata-Pendias, A. and H. Pendias, 1999. 

Biogeochemistry of trace elements, 

Warsaw, Poland: PWN. 

12. Lack, Sh., 2006. Doctorate Thesis in 

Agricultural Plant Physiology: Effects of 

water deficit stress on agrophysiological 

characteristics and yield of grain corn K.S.C 

704 in different values of nitrogen and plant 

density under Khuzestan climate conditions, 

Islamic Azad University, Science and 

Research Branch Khuzestan, pp: 330. 

13. Ludlow MM, Muchow RC. 1990. A critical 

evaluation of traits for improving crop 

yields in water limited environments. 

Advances in Agron, 43: 107-153. 

14. Luo C, Branlard G, Griffin WB, McNeil 

DL. 2000. The effect of nitrogen and 

sulphur fertilization and their interaction 

with genotype on wheat glutenins and 

quality parameters. J. Cereal. Sci, 31: 185–

194. 

15. Mahady AEM. 1990. Effect of phosphorus 

fertilizer, some micronutrients and plant 

density on growth and yield of broad beans. 

Ph.D. Thesis, Fac. of Agric., Moshtohor, 

Zagazig Univ., Egypt 

16. Marschner H. 1986. Mineral nutrition of 

higher plants. Academic Press Inc., USA, 

pp: 269-369. 

17. Marschner, H., 1993. Zinc in soil and plant, 

Robon, A. D. (ed.), Zinc in Soil and Plants, 

Drodrcht, the Netherlands: Kluwer 

Academic Publishers, pp: 55-77. 

18. Mojadam, M., 2006. Doctorate Thesis: 

Effects of water deficit stress and nitrogen 

use management on agrophysiological 

characteristics and yield of grain corn 

hybrid K.S.C 704 under Khuzestan climate 

conditions, Islamic Azad University, 

Science and Research Branch, Khuzestan, 

pp: 221. 

19. Ottman MJ, Doerge TA, Martin E. 2000. 

Durum grain quality as affected by nitrogen 

fertilization near anthesis and irrigation 

during grain fill. Agron. J, 92: 1035–1041. 

20. Pandey, R. and R.M. Agarwal, 2002. Water 

stress – induced changes in proline contents 

and Nitrate Reductase Activity in Rice 

under Light and ourk conditions. Phisiol. 

Mol. Biol. Plants, 4: 53-57. 



Amin Farnia et al                                                                                                                          Research Article 
 

 
705 

IJBPAS, October, 2015, 4(10), Special Issue 

21. Prihar SS, Sandhu BS. 1968. Irrigation of 

field crops, Indian Council of Agric. Res. 

New. Delhi, pp 142. 

22. Samarah  N., Mullen, R. and Cianzio, S. 

2004. Size distribution and mineral nutrients 

of soybean seeds in response to drought 

stress. J. Plant. Nutr 27: 815–835. 

23. Seghatoleslami  M.J., Kafiv, M. and Majidi, 

E. 2008. Effect of drought stress at different 

growth stages on yield and water use 

efficiency of five proso millet (panicum 

miliaceum L.) genotypes. Pak. J. Bot 40: 

1427-1432. 

24. Sheykhbegloo, N., A. Ghourt Tapeh, M. 

Baghestani and B. Zand, 2009. „Study of 

effect of zinc spraying on qualitative and 

quantitative yield of grain corn under water 

stress conditions, Electronic Journal of 

Agricultural Plant Production, 2(2): 6. 

25. Sinaki J.M., Heravan, E.M., Rad, A.H.S., 

Noormohammadi, G.h.. and Ghasem, 

Z.G.h. 2007. The effects of water deficit 

during growth stages of canola (Brassica 

napus L.). American-Eurasian Journal of 

Agricultural and Environmental Science 2: 

417-422. 

26. Singh  V. and Bhushan, L.S. 1980. 

Wateruse efficiency by fertilization and 

srored soil water and season rainfall. Agric. 

Water. Management., 2: 299-305. 

27. Soleimani  R. 2006. The effects of 

integrated application of micronutrient on 

wheat in low organic carbon conditions of 

alkaline soils of western Iran. 18th World 

Congress of Soil Science. 

28. Tahmasebi, K., A. Majidi and Safarpoor 

Haghighi, Sh., 2002. „Effect of using zinc 

on concentration and absorption of nitrogen, 

phospherus, and potassium in wheat‟, 

Articles of the 10th Congress on Iran Soil, 

29. Thalooth, M., M. Tawfik and H. Magda 

Mohamed, 2006. „A comparative study on the 

effect of foliar application of Zinc, Potassium 

and Magnesium on growth, yield and some 

chemical constituents of Mungbean plants 

growth under Water stress conditions, World J 

Agric Sci., 2: 37-46. 

30. Torun  A., ltekin, I.G.A., Kalayci, M., Yilmaz, 

A., Eker, S. and Cakmak, I. 2001. Effects of 

zinc fertilization on grain yield and shoot 

concentrations of zinc, boron, and phosphorus 

of 25 wheat cultivars grown on a zincdeficient 

and boron-toxic soil. J. Plant Nut., 24(11): 1817-

1829. 
31. Turk  K.J. and Hall, A.E. 1980. Drought 

adaptation of cowpea. IV: Influence of drought 

on water use and relation with growth and seed 

yield. Agron. J 72: 440- 448. 

32. Ziska  L.H. and Hall, A.E. 1983. Seed yields 

and water use of cowpeas (Vigna unguiculata L. 

Walp.) subjected to planned-water deficit. 

Irrigation Science 3: 237-246. 

 


