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ABSTRACT: The main objective of this study was to determine the effects of irrigation treatment and 
zinc foliar application on yield and yield component of chickpea (Cicer arietinum). The experiment was 
carried out at the RAN Research Station in Firouzkouh in 2011. The treatments consisted of 3 level of 
irrigation treatment (control or normal irrigation, irrigation terminated at budding stage, irrigation 
terminated at ripening stage) in main plots and 2 levels of zinc spraying (control, foliar spraying) in sub 
plots. The present results have shown that the highest height, number of branches per plant, seed 
number per pod and seed yield was obtained in normal irrigation. Irrigation termination at budding stage 
caused the highest reduction in measured traits.  Zinc foliar application had positive effects on plant 
height, number of branches per plant and seed yield.  Zinc application could decrease negative effects of 
water stress on yield and yield components of chickpea. 
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INTRODUCTION 
 

 Chickpea (Cicer arietinum) is largely cultivated in the temperate region (Joshi et al., 2001). However, some 
studies show that it is grown across a wide range of environments (Rao et al., 2002; Siddique et al., 2000). 
Chickpea is grown mainly in Central Asia, West Asia, South Europe, Australia and North Africa (Berger and Turner, 
2007). Chickpea annually production was 10.461.215 tons, harvest area was 11.551.857 ha and the yield 905.5 
kg/ha in the world. The amount of chickpea production in Turkey was 562.564 tons, harvest area and yield was 
respectively 454.928 ha and 1236.6 kg/ha (Anonymous, 2011). 
 One third of the world lands are classified as arid andsemi-arid region and the remains are faced with water 
seasonal or local fluctuations (Beweley and Krochko, 1982). Availability of water rather than land is the main 
constraint on agricultural production in arid and semi-arid environments (Bannayan et al., 2008).   
 Optimizing irrigation management together with the cultivation of appropriate crops is desirable in these regions. 
The cost of irrigation pumping and inadequate irrigation capacity as well as limited water sources is among the 
reasons that force many farmers in the region to reduce their irrigation applications. Irrigation scheduling based on 
developmental stage is the technique of applying water on a timely and accurate basis to the crop (Bannayan et al., 
2006).  
 Various studies have shown that water stress has negative effects on yield and yield components of crops. 
Also, water stress during budding and flowering stages of plants, will cause most reduction in seed number and 
seed yield (Fernandez, 1992; Elikaei Ghanbary et al., 2008). 
 Zinc-deficiency reduced the efficiency with which the water was used for biomass production and compromised 
the plant’s capacity to respond to water stress by osmotic adjustment (Khan et al., 2004). 



Intl J Farm & Alli Sci. Vol., 2 (19): 720-724, 2013 

 

721 
 
 

 Zinc enzymes participate in a wide variety of metabolic processes including carbohydrate, lipid and protein 
synthesis or degradation.The metal is required for deoxyribonucleic and ribonucleic acid synthesis; it may also play 
a role in stabilizing plasma membranes (Shils et al., 1994).  
 Zinc has been recognized as a co-factor of the superoxide dismutase enzyme, which is involved in protection 
against oxidative processes (Shils et al., 1994). Zn deficiency is commonly observed in a number of areas where 
chickpea is cultivated (Khan et al., 2000). There are difficulties encountered during the development period of the 
plant due to Zn deficiency and insufficiency of water required for irrigation in a great number of countries where 
chickpea production is significant (Khan et al., 2003). Zn deficiency impedes the root development of the chickpea 
plant by decreasing the uptake capacity of the plant in using the humidity reserve of the soil (Khan et al., 1998).  
The main objective of this study was to assess the Effects of irrigation treatment and zinc spraying on yield and 
yield component of chickpea (Cicer arietinum). 
 

MATERIALS AND METHODS 
 

Field Experiment 
 The present study was conducted during the growing season of 2011 at the research fields of RAN Company 
in Firouzkouh, Iran. The geographical location of the experimental station was 35º 45´ N and 52º 44´ E with the 
altitude of 1930 m. The soil of the experimental region was loamy clay with pH 7.21 (Table 1).  
 

Table 1. Analysis of soil on the experimental site (0-30 cm depth). 

N 
P 
PPM 

K 
PPM 

OM % 
lit

meq
EC

 
pH 

 
Texture 

0.14 35 345 1.25 0.31 7.21 Loamy Clay 

 

 Experimental design was split plot with three replications. The treatments consisted of 3 level of irrigation 
treatment (control or normal irrigation, irrigation terminated at budding stage, irrigation terminated at ripening stage) 
in main plots and 2 levels of zinc spraying (control, foliar spraying) in sub plots. Nitrogen (50 kg/ha), P2o5 (50 kg/ha) 
and K20 (50 kg/ha) were used according to the soil analysis. 
 Each experimental plot was 3 m long and 2 m wide with the spacing of 10 cm between the plants and 50 cm 
between the rows. There was a space of 50 cm between the plots and 3 meters between replications. Seeds were 
directly sown by hand into the field at a depth of 2-3 cm. There was no incidence of pest or disease on dill during 
the experiment. Weeding was done manually and the plots were irrigated weekly. All necessary cultural practices 
and plant protection measures were followed uniformly for all the plots during the entire period of experimentation. 
Data were recorded for the plant height, number of branches per plant, stem diameter, seed number per pod and 
seed yield. Ten plants were randomly selected from each plot and the observations were recorded. At the flowering 
stage, the plant height, from plant base to the tip of plant, was measured for each plot using a ruler (±0.1 cm) (Azizi 
et al., 2008; Haj Seyed Hadi et al., 2011). 
 Seed number per pod was recorded at the end of growth season. In order to determine seed yield, the plots 
were manually harvested following the air-drying of pods at 23-29° C and then the seeds were removed from plants 
by hand (Abdou et al., 2004; Khalid and Shafei, 2005; Darzi et al., 2012). 
 
Statistical analysis 
 All the data were subjected to statistical analysis (one-way ANOVA) using SAS software (SAS Institute, version 
8, 2001). Differences between the treatments were performed by Duncan’s Multiple Range Test (DMRT) at 5% 
confidence interval. Transformations were applied to the data to assure that the residuals had normal distribution 
(Zar, 1996). 
 

RESULTS AND DISCUSSION 
 

Plant hight 
 The present results have indicated that plant heights were significantly affected by irrigation treatment and 

application of zinc. Interaction effect was not statistically significant (Table 2). The most significant plant height 

(29.94 cm and 30.4 cm) were obtained by normal irrigation and zinc foliar application, respectively. 
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Table 2. Mean comparison for interaction effects of treatments on measured traits. 

Seed yield Seed/pod Stem diameter Branch/plant Height DF SOV 

2936.9 0.11 0.003 0.54 1.58 2 Rep 

1553231.8** 0.78* 0.006 104.1* 32.53* 2 I 

40543.2 0.04 0.0008 1.35 3.28 4 E(a) 

458192.5** 0.42 0.016 33.5* 144.1** 1 Z 

110330.9* 0.03 0.0037 24.7* 18.87 2 I × Z 

13315.1 0.17 0.003 0.85 5.42 6 E(b) 

7.45 11.93 11.12 0.92 2.32 CV % 

I: irrigation treatment; Z: zinc foliar application 

 

Branch numbers per plant 
 The results presented in Table 2 have demonstrated that number of branches per plant was influenced by 
irrigation treatment and zinc foliar application, significantly (Table 2). Also, interaction effect was significant at 0.05 
probability level (Fig1). Among various treatments, the normal irrigation has indicated maximum increase in number 
of branches per plant (13.5) (Table 3). The highest reduction in branches per plant (6.25) was obtained when 
irrigation terminated at budding stage. 
 

 
Figure 1. Interaction effects of treatments on branches number per plant 

 

Stem diameter 

 The results indicated that stem diameter was not significantly affected by irrigation treatment and zinc foliar 
application. Also, interaction effects of treatments could not affect the stem diameter significantly (Table 2). 
 
Seed number per pod 
 The results have indicated that seed number per pod was affected by irrigation treatment. But, zinc foliar 
application and interaction effects could not cause significant change in seed number per pod (Table 2). Among 
various treatments, the normal irrigation has indicated maximum increase in number of seeds per pod (3.8). The 
highest reduction in seed number per pod (3.1) was obtained when irrigation terminated at budding stage (Table 3). 
There were not significant differences between normal irrigation and irrigation termination at flowering stage. 
 

Table 3.  Effects of irrigation treatments and zinc foliar application on some traits of chickpea 

Treatments 
Height 

(cm) 
Branch/plant 

Stem diameter 

(mm) 
Seed/Pod 

Seed yield 

(kg/ha) 

Irrigation treatment      

I1 29.974 a 13.5 a 56 a 3.8 a 2121.04 a 

I2 25.85 b 6.25 b 55 a 3.1 b 1149.5 c 

I3 27.7 ab 6.4 b 50 a 3.5 ab 1373.03 b 

Zinc foliar application      

Z1 30.4 a 10.1 a 57 a 3.37 a 1707.9 a 

Z2 24.8 b 7.37 b 51 a 3.68 a 1388.2 b 

Mean values followed by the same letter are not significantly different at P ≤ 0.05 

I1: Normal irrigation (control); I2: Irrigation termination at budding stage; I3: Irrigation termination at flowering stage. Z1: No 

application of zinc (control); Z2: Zinc foliar application 
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Seed yield 

 The results have revealed that irrigation treatments and zinc foliar application had significant effects on the 

seed yield. But, seed yield was not affected by interaction effects of treatments (Table 2). The maximum seed yield 

(2121.04 kg/ha) was obtained by using normal irrigation. The minimum seed yield was obtained when irrigation 

terminated at budding stage. Although, there was not differences between irrigation termination at budding stage 

and flowering stage (Table 3).  

 The present results show that the highest seed yield (1707.9 kg/ha) is obtained by zinc foliar application and 

caused 23 percentage increase in seed yield (Table 3). Interaction effects of treatments on seed yield show that 

the highest amount of seed yield (24.73 kg/ha) was obtained with normal irrigation and zinc foliar application.  

 

 
Figure 2. Interaction effects of treatments on seed yield 

 

 Optimizing irrigation management together with the cultivation of appropriate crops is appropriate in arid and 

semi-arid regions.  As it was shown in the results of this study, irrigation treatments had significant effects on most 

of measure traits.  

 The most reduction in seed yield is obtained from irrigation termination at budding stage. On the other hand, 

when irrigation terminated at budding stage, its negative effects on seed yield were 16.28% more than irrigation 

termination at flowering stage. The amount of injury caused by the water stress depends on the stage of plant 

development at which it occurs. Generally, at reproductive phase, the plant is most sensitive to stresses (Barnabas 

et al., 2008). The decrease in yield and yield components due to water deficiency has also been reported by other 

researchers (Dominique et al., 2007; Masoumi et al., 2011; Aiken et al., 2010).  Zinc had a significant effect on 

seed yield in exertion conditions of water stress. 

 

CONCLUSION 

 

 It is clear from the present study that zinc foliar application manipulates the growth of chickpea, resulting in 

beneficial changes in yield and yield components. The highest seed yield was obtained by using normal irrigation 

and zinc spraying. Although, zinc application could decrease effects of water stress on chickpea growth and seed 

yield. Thus, application of zinc can be helpful in increasing of growth and yield in Cicer arietinum.  
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