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Abstract 

Drought stress often causes serious problems in wheat production areas. A field 
study was conducted at Agriculture Research Station of Firoozabad, Fars, Iran 

during 2011-2012 growing season in order to evaluate genotypes for grainyield 
and its components of three wheat varieties (V1: Kouhdasht, V2: Dehdasht, V3: 

Behrang) as sub factors. An experiment was carried out in a split–plot 

experiment based on randomized complete blocks design with three 
replications. The main factors were 5 water stress treatments i.e. I1: four 

irrigation cycles after flowering, I2: three irrigation cycles after flowering, I3: 
two irrigation cycles after flowering, I4: one irrigation cycle after flowering and 

I5: dry-farming were applied. The effects of irrigation, genotype and 
irrigation×genotype interaction were significant on spike dry weight, number of 

spikes m-2, number of kernels spike-1, 1000  grain  weight, biological yield, 
harvest index and grain yield. This finding suggested that Behrang genotype 

could be considered as more tolerance genotype against drought stress 

condition than Kohdasht and Dehdasht genotypes. The results of correlation 
analysis indicated that the effects of biological yield, harvest index followed by 

number of spikes m-2 and number of kernels spike-1 on grain yield were the 
highest and positive under various irrigation conditions, indicating that 

selection to improve yield with these traits would be effective. 
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INTRODUCTION 

With continuous major global climate changes and increasing dramatically lack of water 
resources and worsening eco-environment, wheat production is affected extremely [28, 29]. 

Statistics exhibited that 25% of the world’s agricultural land is now influenced by high levels of 
water stress [4]. Water stress is connected with almost all aspects of biology and plant growth 
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[5]. It should pointed out that drought is one of the major causes of crop loss worldwide, which 

commonly reduces average yield for many crop plants by more than 50% [25]. 
Wheat (Triticum aestivum L.) is one of the world’s most widely adapted crops supplying one-

third of the world population with more than half of their calories and nearly half of their 
protein and Wheat is the leading crop of the temperate climates of the world and a unique world 

food grain and its grown on about 200 Million ha in a range of environments, with an annual 
production of more than 600 million metric tons [20]. On the other hand, global wheat 

production must continue to increase 2% annually until 2020 to meet future demands of 
imposed population and prosperity growth [14]. 

In Iran, wheat is a staple food and occupies a central position in setting farming and agriculture 

policies. Fars Province is the largest wheat producer in Iran [6]. Wheat production in Iran region 
is restricted mainly by the accessibility of water resources [3]. Statistics revealed that 

cultivation area of wheat (Triticum aestivum L.) in Iran is about 6 million hectares [8]. 
Although, wheat is mainly grown on rain fed land and about 35% of the area of developing 

countries such as Iran, consists of semiarid and arid environments in which available moisture 
constitutes a primary constraint on wheat production. Climatic variability in these marginal 

environments causes large annual fluctuations in yield. Selection of wheat genotypes with 
better adoption to drought stress should increase the productivity of rain fed wheat [27]. 

Improvement of wheat productivity for this biotic stress is therefore an important objective of 

research. Because of their better adoption under hot and arid regions, Triticum durum wheat is 
usually regarded as tolerance to stress condition [11, 27]. In addition among crop plants, durum 

wheat, which is often grown in water limited conditions, is an attractive study system due to of 
the natural genetic variation in traits related to drought tolerance [21]. 

However, the physiological basis of their stress tolerance is not well understood. An 
understanding of how plants respond to water deficits and in certain instances are able to 

tolerate them should lead us eventually to ways of optimizing plant productivity in marginal 
environments [11]. The sensitivity of crops such as wheat (Triticum aestivum L.) to soil drought 

is particularly important during the grain-filling period because the reproductive phase is 

extremely sensitive to plant water status [2]. 
The previous research exhibited that yield and yield components of wheat depend on the 

proper irrigation management. Wheat irrigation prior to sowing, at the stem elongation, 
flowering and milking stages produced the highest yield. Whenever, irrigation only prior to 

sowing produced the lowest yield and 1000-grain weight [3, 10]. Some morphological 
characters such as root length, tillering, spike number per m-2, grain number per spike, number 

of fertile tillers per plant, 1000 grain weight, peduncle length, spike weight, stem weight, awn 
length, grain weight per spike and affect wheat tolerance to the moisture shortage in the soil [4]. 

One or two times irrigation at the sensitive stages of wheat to water deficit increased grain yield 

(GY) as 2 to 5 times. In addition, limited irrigation at growing season especially at the critical 
stages of wheat reduced yield [3]. 

The present study was undertaken to assess the selection criteria for identifying drought 
Tolerance in durum wheat genotypes, so that suitable genotypes can be recommended for 

cultivation in the drought prone area of Iran and Fars province. Target of this study is 
investigate drought resistance of wheat's commonly grown in Iran (Fars) and the drought 

resistance of which was only determined by agronomic observation and which wheat should be 
of the ability of resisting drought on account of its genetic structure according to above 

mentioned characters. 

MATERIALS AND METHODS  

A farm experiment was conducted at Agriculture Research Station of Firoozabad, Fars, Iran 

during 2011-2012 growing season (located at 52°, 28´N & 28°, 38´E and 1327 m above sea 
level) to evaluate the wheat cultivars under various irrigation methods based on some 

agronomic and physiological traits. The minimum and maximum cultivation temperatures were 

21.1 and 38.1ᵒC, respectively. The annual raining was 550 mm by average and it had a relative 
humidity of 36%.  
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The experiment design was laid out entirely in a split–plot arranged based on randomized 

completed block design (RCBD) with three replications.  
Treatment consisted of water stress at different growth stages of wheat and it was confirmed at 

five levels. The main factors were I1: four irrigation cycles after flowering (The first irrigation 
cycle just after pollination and second irrigation cycle after emergence of spikes and onset of 

fertility, third irrigation cycle in milk development stage and forth irrigation cycle in grain 
dough stage), I2: three irrigation cycles after flowering (The first irrigation cycle just after 

pollination and second irrigation cycle in milk development stage and third irrigation cycle in 
grain dough stage), I3: two irrigation cycles after flowering (The first irrigation cycle in milk 

development stage and second irrigation cycle in grain dough stage), I4: one irrigation cycle 

after flowering (one irrigation cycle in milk development stage) and I5: dry-farming defining as 
drought stress. Sub plots were three wheat (Triticum aestivum L.) genotypes (V1: Kouhdasht, 

V2: Dehdasht, V3: Behrang).  
Plots were established initially according to experimental design study. Each experimental plot 

area had a surface area of 7.5m2, with 3×2.5 dimensions. Each plot was consisted of 4 plant lines 
and six-meter length. In addition, the distance between main plots was estimated two meters, 

whereas the plant distance on each row was 20 cm and the rows were 25 cm far from each 
other.  

Seeds were sown at 400 seeds m-2 on 12th October. Based on soil analysis, the plots were 

fertilized with 60 kg N ha-1 and 60 kg P2O5 ha-1 at the planting and 60 kg N ha-1 in spring at stem 
elongation for drought conditions. However, plots were fertilized with 80 kg N ha-1 and 80 kg 

P2O5 ha-1 at planting and 60 kg N ha-1 in spring at stem elongation for irrigation conditions. 
During the growth period, all plots were weeded manually. Plough, two vertical disks, leveling, 

furrow, mound were used regarding plot making. To fight the weeds which had side leaves and 
also thin leaves, a mixture of Granstar and Pumasuper was used. It was 20 grams and one liter 

in hectare in tillering stage until stem elongation, respectively. The soil texture was loamy silt 
clay as well. The first irrigation was immediately carried out after seeds were planted. At the 

end of growth period, plants from rows 4 and 5 of each plot, 3 meter long, were harvested from 

each plot center; and grain yield, was determined. In order to measuring of traits, 8 plants 
randomly selected and measurements were performed. 

Skewness, kurtosis, homogeneity of variance and normality of data were tested by Minitab [18] 
statistical software. Analysis of variance of split-plot experiment based on RCBD and means 

comparison using Duncan's Multiple Range Test at P<0.05 were performed by SAS [24] and 
MSTATC [19] softwares. The phenotypic correlation between variable x and y (rxy) were 

performed in SAS [24] that it was estimated following Kwon and Torrie [17] using the formula: 
 

)Var.(Var

Cov
= r

yx

xy

xy

 (1)

 

Where,  

Covxy = covariance between variable x and y, Varx = variance of x and Vary = variance of y. 

RESULTS  

The analyzed data indicated that the effect of irrigation on spike dry weight, number of spikes 

m-2, number of kernels spike-1, 1000 grain weight, biological yield, harvest index and grain yield 
was statistically significant, indicating that these traits were influenced by various irrigation 

conditions (Table 1). The results showed that the effect of genotype on all studied traits were 
significant, indicating the existence of genetic variability for these traits under various irrigation 

conditions (Table 1). The results indicated that irrigation×variety interaction effects were also 

significant at 0.01 probability level (P<0.01) for the traits (Table 1). 
Spike dry weight from the treatments of I1 (four irrigation cycles after flowering) and I4 (one 

irrigation cycle after flowering) statistically did not vary. I2 (three irrigation cycles after 
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flowering) had significant effect on spike dry weight. The highest and lowest spike dry weight 

was observed in Dehdasht and Behrang cultivars with mean values (3.61 and 3.07 g) 
respectively. These results were in accordance with the findings of Gholamin and Khayatnezhad, 

[11]. As shown in present study, Behrang cultivar with mean value (364.27) had the maximum 
and Dehdasht cultivar with mean value (201) had the minimum number of spikes m-2, 

respectively. In addition, I3 had the highest significant effect on number of spikes m-2. 
Comparison means about induced irrigation cycles showed that imposition of water stress 

treatment (dry-farming level) had the highest effect on number of kernels spike-1. The maximum 
and minimum number of kernels spike-1 was belonged to Behrang and Dehdasht with mean 

values (29.38 and 22.43), respectively. Flexas et al., [9] also reported that the number of kernels 

spike-1 was decreased adversely under drought stress conditions. In present study, comparison 
means showed that the highest 1000 grain weight was related to irrigation treatment with two 

irrigation cycles after flowering (I3). On the other hand, the maximum and minimum 1000 grain 
weight were belonged to Dehdasht and Behrang with mean values (57.2 and 50.47 g), 

respectively.  
The result indicated that three irrigation cycles after flowering (I2) had significant effect on 

biological yield. In addition, mean comparison indicated that biological yield was the highest in 
Behrang with mean value (840.27 g) and was the lowest in Dehdasht with mean value (658.6 g). 

Sun et al., [26] also obtained the same results. The highest and lowest harvest index (37.74 and 

23.37) achieved from the varieties of Behrang and Dehdasht, respectively. In addition, two 
irrigation cycles after flowering (I3) had the highest effect on harvest index. The results of this 

study were in good agreement with the early findings of Jajarmi [13].  
The highest grain yield was related to irrigation treatment with two irrigation cycles after 

flowering (I3). The highest and lowest grain yield was belonged to Behrang and Dehdasht with 
mean values (312.73 and 160.93 g), respectively. According to previous research was conducted 

by Gholamin and Khayatnezhad [11], various drought treatments significantly reduced number 
of spikes m-2, biological yield, harvest index and grain yield traits.  

According to the results of the correlation coefficients, spike dry weight had positive significant 

correlation with 1000 grain weight and biological yield (r=0.398 and r=0.316 , respectively) 
(Table 3). Number of spike m-2 showed positive significant correlation with all the studied traits 

except 1000 grain weight. 1000 grain weight was positively significantly correlated with 
biological yield at 1% probability level (r=0.404). Biological yield and harvest index had the 

highest positive correlation with grain yield (r=0.795). The findings of the current study were 
consistent with those of Reynolds et al., [22] who found wheat cultivars that have high 

biological yield and harvest index, most likely have high grain yield under various irrigation 
conditions. 

DISCUSSION 

Water deficit is a common abiotic stress adversely affecting crop production. The responses of 
three winter wheat’s productions to limited water condition under a semi-arid environment 

were investigated. Stress at stem elongation stage had high sensitivity, because this stage is the 
most determined factor for yield components. Fallahi et al., [7] suggested that water stress in 

beginning of stem elongation induced decreasing number of spikes and 1000 grain weight. 

Results of this study showed that the effect of moisture during forming and late growth stage 
which is coincident with stem elongation stage had important role in enhancing wheat grain 

yield. Number of fertile tillers that resulted in number of spikes is determined at stem 
elongation stage. Irrigation at primary stages of growth of wheat cultivars could effect on 

productivity of tillers and more produced spike. A significant difference was observed in 
number of spikes among tested cultivars.  

The 1000 grain weight is an important component contributing towards the final yield of wheat. 
Decreased 1000 grain weight was reported by Plaut et al., [20] under drought at flowering stage 

due to less efficient and disturbed nutrient uptake and limited photosynthetic translation within 

the plant which hastened maturity producing shriveled kernels. Drought stress either at 
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vegetative or flowering stage considerably decreased grain yield and yield components in wheat 

[15]. 
Normal required number of irrigations is compulsory for ideal crop growth and production but 

when there is limited water available, it is necessary to identify growth stage of the crop where 
irrigation could be skipped with minimum loss in grain yield. Final grain yield of wheat depends 

on its efficient use of water [3]. Normal water at flowering increased photosynthetic rate and 
also enhanced duration of grain filling [12]. 

In any crop, the leaves and other green tissues are the original sources of assimilates. The 
leaves, being the site of photosynthetic activity, appear to have an obvious relation to the plant’s 

grain yield ability [1]. In addition, Ahmadi et al., [3] exhibited that drought stress during stem 

elongation stage reduced number of spike per unit area and grain yield therefore, a significant 
correlation is observed between number of grain per spike and grain yield.  

Richards et al., [23] demonstrated that harvest index is indicators of the genetic potential of 
plant to produce economic yield. In post anthesis water deficiency, a positive correlation was 

found between grain yield and harvest index. It means that increasing of grain yield is 
accompanied with increasing harvest index [16]. 

This finding suggested that Behrang genotype could be considered as more tolerance genotype 
against drought stress condition than Kohdasht and Dehdasht genotypes. It is concluded from 

the results of this study that water stress reduced wheat yield and some yield components in all 

varieties. The differential response of varieties to imposed water stress condition indicates the 
drought tolerance ability of wheat varieties. The results showed that a strategy of selecting 

should take into consideration early flowering, long grain filling period and high number of 
spike m-2 for increasing grain yield under drought stress conditions. 

The knowledge generated through these studies should be utilized in making transgenic plants 
that would be able to tolerate stress condition without showing any growth and yield penalty. In 

recent study, the effects of drought stress and irrigation regimens on Wheat (Triticum aestivum 

L.) were significant. Concurrently management of wheat plant in Firoozabad, Fars, Iran region 

with high potential of wheat yield is inevitable. 

Results of this study indicated that drought stress had the significant effect on all studied traits 
specially grain yield. Therefore, in regions which are subjected to drought stress, using 

genotypes that are drought tolerant and compatible to circumstances of region can be valuable. 

 
Table 1. Analysis of variance for studied traits in wheat 
 
 
SOV 

 
 

df 

Mean squares (MS) 
Spike dry 

weight 
Number of 
spikes m-2 

Number of 
kernels 
spike-1 

1000 
grain 

weight 

Biological 
yield 

Harvest 
index 

Grain 
yield 

Block 2 6.02 ns 2.75 ns 5.49 ns 29.40 ns 114.02 **  56.24 **  1288.86 ns 
Irrigation 4 96.38 * 28870.96 

**  
47.93 **  254.19 **  222940.14 

**  
280.29 **  30415.41 

**  
E (a) 8 16.19  10.87 1.87 21.12 13.74 4.24 315.98 
Genotype 2 119.62 **  107552 **  227.54 **  170.07 **  126680.56 

**  
790.78 **  90646.20 

**  
Irrigation×Genotype 8 157.12 **  13735.88 

**  
112.59 **  165.37 **  4823.92 **  112.33 **  15545.8 **  

Error 44 9.36 3.84 0.701 9.68 12.67 3.40 196.42 
CV (%)  9.30 0.72  5.78 0.48 6.16 6.17 
ns, * and **: Not significant, significant at the 5% and 1% levels of probability, respectively. 
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weight  

Number of 
spikes m-2 

Number of 
kernels 
spike-1 

1000  grain  
weight  

Biological 
yield  

Harvest 
index 

Grain 
yield  

Spike dry weight  -       
Number of spikes m-2 -0.148 ns -      
Number of kernels spike-

1 
0.141 ns 0.354 * -     

1000 seed weight 0.398 **  -0.021 ns -0.307 * -    
Biological yield 0.316 * 0.56 **  0.310 * 0.404 **  -   
Harvest index -0.259 ns 0.701 **  0.632 **  -0.218 ns 0.294 ns -  
Grain yield 0.084 ns 0.787 **  0.562 **  0.137 ns 0.795 **  0.795 **  - 
ns, * and **: Not significant, significant at P < 0.05 and P < 0.01, respectively.   
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