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 In this research, yield and yield components of bread wheat varieties were evaluated 

under drought stress conditions. Irrigation stop in different stages of bread 

wheatvarieties growth considered as the main treatment including T1:irrigation stop in 

heading stage, T2:irrigation stop in flowering stage, T3:irrigation stop in milk grain 
stage and T4:normal irrigation. Different varieties of bread wheat (Triticumaestivum) 

considered as the secondary treatments. They were Zarin, Alvand, Gaskozhen and 

Sayonz. The results showed that Alvand and Zarin varieties were the best bread wheat 
varieties in Sanandaj region respectively. Besides, normal irrigation had the best result 

in increasing of yield and yield components of bread wheatvarieties. 
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INTRODUCTION 

 

 Current climate change is projected to have a significant impact on temperature and precipitation profiles, 

increasing the incidence and severity of drought. Drought is the single largest abiotic stress factor leading to 

reduced crop yields, so high-yielding crops even in environmentally stressful conditions are essential 

[5,6].Drought is a polygenic stress and is considered as one of the most important factors limiting crop yields 

around the world. As climate change leads to increasingly hotter and drier summers, the importance of drought 

constraints on yield and yield components has increased in Iran. Wheat is an important crop in Iran, where high 

temperatures and water stress often reduce plant growth and crop yields. Therefore, wheat yield is lowered. The 

ability of a cultivar to produce high and satisfactory yield over a wide range of stress and non-stress 

environments is very important [18]. The response of plants to water stress depends on several factors such as 

developmental stage, severity and duration of stress and cultivar genetics [2].Also, 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 [15,9,8,7,10,16,3]. 

 Yield is the principle selection index used under drought stress conditions. If we had known how to select 

for high yield potential using criteria other than grain yield, perhaps results could have been achieved by way of 

enhanced total plant productivity rather than just by changing the production ratio [3].Drought indices which 

provide a measure of drought based on yield loss under drought conditions in comparison to normal conditions 

have been used for screening drought-tolerant genotypes [11]. Selection of wheat genotypes with better 

adaptation to water stress should increase the productivity of rainfed wheat [17].The objectives of the present 

study were to find the best varieties of bread wheat (Triticumaestivum)under drought stress conditions in 

Sanandaj region of Iran.  

 

MATERIALS AND METHODS 
 

1-3: Geographical location: 

 This study was conducted inexperimental farm ofAgriculture and Natural Resource Center of Gerizeh that 

was located in south of Sanandaj city from Kurdistan province of Iran. This experimental farm was located in 



2470                                                                  A. A. Babaie et al, 2014 

Advances in Environmental Biology, 8(7) May 2014, Pages: 2469-2478 

  

 
 

longitude and latitude of 47
o
1’ eastern and 35

o
16’ northern respectively and its height was 1405 meters above 

the sea level. 

 

2-3: Weather characteristics of the region: 

 According to the 50-year statistics, the average of annual rainfall was 471 mm, the average of maximum 

temperature was 21.3 °C, the mean minimum temperature was 5.4 °C and the mean wind speed was 3.9 knot. 

 

3-3: Soil characteristics: 

 Composite samples of 5 random points from 0-30 cm depth of cultivated land, in the farm were taken. The 

results are presented in Table 1. 

 
Table 1: Some physical and chemical properties of the soil before planting test. 

Depth 

(cm) 

Soluble 

potassium 
(ppm) 

Soluble 

phosphorus 
(ppm) 

Organic 

carbon (%) 

pH EC 

(ds/m) 

Soil 

texture 

Size of soil particles (%) 

Sand Silt Clay 

0-30 180 10 0.74 7.1 0.8 Loam 46 36 18 

 

4-3: Experimental plan: 

 This plan was performed as a split plot in a randomized complete block design with 16 treatments and 3 

replications. Irrigationstop in different stages of bread wheat varieties growthconsidered as the main treatment, 

including T1:irrigation stop in heading stage, T2:irrigation stop in flowering stage, T3:irrigation stop in milk 

grainstage and T4:normal irrigation. Different varieties of bread wheat (Triticumaestivum) considered as the 

secondary treatments. They wereZarin, Alvand, Gaskozhen and Sayonz. Thus, with 16 treatments and 3 

replications, 48 plots were tested. 

 

5-3: Farming operations: 

 Each variety was planted in a separated plot and irrigation was performed according to experimental plan. 

Normal irrigation was according to usage of soil moisture index or soil metric potential. In this method, the soil 

moisture percentage was measured thorough sampling of plant root at days before irrigation. When the weight 

mean of soil moisture reached to the allowed depletion, the irrigation process happened. For irrigation, the 

following equation used Alizadeh [1]: 

  rdifc DBSMD ..                                      (1) 

Where  

 SMD: soil moisture deficit (cm), θfc: field capacity moisture, θi: weight percent of available moisture in the 

soil of farm, Bd: bulk density (gr/cm
3
) and Dr: plant root depth (cm). Each variety was planted in 9 lines with 

length of 6 meters and space of 20 centimeters.The density of planting was about350-400 grains per m
2
.  

 

6-3: Evaluated characteristics in this plan: 

 Evaluated characteristics in this plan are:grain number per spike, spikelet number per spike, grain number 

per spikelet,spike length, thousand grain weight,spike weight andgrain yield.For evaluating of these 

characteristics, 10 plants selected from each plot and finally measured the average of them. In addition, for 

evaluating of fertile claw number, 0.25 m
2
 of each plot was considered.  

 

RESULTS AND DISCUSSION 

 

1-4: Grain numberperspike: 

 The effect of irrigation treatments on grain number per spike was not significant (Figure1). However, 

irrigation stop inmilk grain stagehad the most grain number per spike (47.14) and irrigation stop in flowering 

stage had the least grain number per spike (45.18). In addition, the effect of different varieties on grain number 

per spike was significantat 1% level (Figure 2). Whereas, Alvand variety had the most grain number per spike 

(51.57) andGaskozhen variety had the least grain number per spike (39.96).Reciprocal effect of treatments 

showed thatGaskozhen variety with irrigation stop in milk grain stage had the least grain number per spike 

(38.79) and Alvand variety with irrigation stop in milk grain stage had the most grain number per spike (57.33), 

whereas the difference between them was significant at 1% level (Figure 3). Drought stress in flowering stage 

had the most effect on reduction of grain number per spike. Because drought stress in flowering stage can 

sterilize florets in spike. Therefore, irrigation stop in flowering stage can reduce grain number per spike and 

finally reduce grain yield. This result is confirmed by Bradford [4]. 
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Fig. 1: Grain number per spike on base of irrigation treatments. 

 

 
 

Fig. 2: Grain number per spike on base of different varieties of bread wheat. 

 

 
 

Fig. 3: Reciprocal effect of irrigation treatments and different varieties of bread wheat. 

 

2-4: Spikelet number per spike: 

 The effect of irrigation treatments on spikelet number per spike was not significant (Figure 4). However, 

normal irrigation had the most spikelet number per spike (20.23) and irrigation stop in heading stage had the 

least spikelet number per spike (19.48). In addition, the effect of different varieties on spikelet number per spike 

was significant at 1% level (Figure 5). Whereas, Alvand variety had the most spikelet number per spike (20.99) 

and Sayonz variety had the least spikelet number per spike(18.78). Reciprocal effect of treatments showed that 

Gaskozhen variety with irrigation stop in heading stage had the least spikelet number per spike (18.11) and 

Alvand variety with normal irrigation had the most spikelet number per spike (22.03), whereas the difference 

between them was significant at 1% level (Figure 6). Drought stress in heading stage prevents from being 

formed ofspikelets andhave the most effect on reduction of spikelet number per spike. Therefore, irrigation stop 

in heading stage can reduce spikelet number per spike and finally reducegrain number per spike and reduce 

grain yield.  
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Fig. 4: Spikelet number per spike on base of irrigation treatments. 

 

 
 

Fig. 5: Spikelet number per spike on base of different varieties of bread wheat. 

 

 
 

Fig. 6: Reciprocal effect of irrigation treatments and different varieties of bread wheat. 

 

3-4: Grain number per spikelet: 

 The effect of irrigation treatments on grain number per spikelet was not significant (Figure 7). However, 

irrigation stop in milk grain stage had the most grain number per spikelet (2.28) and irrigation stop in heading 

and flowering stages had the least grain number per spikelet (2.17). In addition, the effect of different varieties 

on grain number per spikelet was significant at 1% level (Figure 8). Whereas, Alvand and Zarin varieties had 

the most grain number per spikelet (2.33) and Gaskozhen variety had the least grain number per spikelet (2.07). 

Reciprocal effect of treatments showed that Gaskozhen variety with normal irrigation had the least grain number 

per spikelet(1.95) and Alvand variety with irrigation stop in milk grain stage had the most grain number per 

spikelet(2.54), whereas the difference between them was significant at 1% level (Figure 9). Drought stress in 

heading stage had the most effect on reduction of grain number per spikelet. Because, drought stress conditions 

reduce fertilization in spikelets and reducegrain number per spikelet. Therefore, irrigation stop in heading stage 

can reducegrain number per spikelet,spikelet number per spike and finally reduce grain number per spike and 

reduce grain yield.  
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Fig. 7: Grain number per spikelet on base of irrigation treatments. 

 

 
 

Fig. 8:Grain number per spikelet on base of different varieties of bread wheat. 

 

 
 

Fig. 9: Reciprocal effect of irrigation treatments and different varieties of bread wheat. 

 

4-4: Spike length: 

 The effect of irrigation treatments on spike length was significant at 1% level (Figure 10). However, normal 

irrigation had the most spike length (11.42 cm) and irrigation stop in heading stage had the least spike length 

(10.54 cm). In addition, the effect of different varieties on spike length was significant at 1% level (Figure 11). 

Whereas, Zarin variety had the most spike length (12.36 cm) and Sayonz variety had the least spike length (9.28 

cm). Reciprocal effect of treatments showed that Sayonz variety with irrigation stop in heading stage had the 

least spike length (8.67 cm) and Alvand variety with normal irrigation had the most spike length (13.22 cm), 

whereas the difference between them was significant at 1% level (Figure 12). Drought stress in heading stage 

had the most effect on reduction of spike length. Because drought stress in heading stage can reduce spikelet 

number per spike. Therefore, irrigation stop in heading stage can reduce spike length. This result is confirmed 

by Panozzoet al [14].  
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Fig. 10: Spike length on base of irrigation treatments. 

 

 
 

Fig. 11: Spike length on base of different varieties of bread wheat. 

 

 
 

Fig. 12: Reciprocal effect of irrigation treatments and different varieties of bread wheat. 

 

5-4: Thousand grain weight: 

 The effect of irrigation treatments on thousand grain weight was significant at 1% level (Figure 13). 

However, normal irrigation had the most thousand grain weight (42.33 gr) and irrigation stop in milk grain stage 

had the least thousand grain weight (35.17 gr). In addition, the effect of different varieties on thousand grain 

weight was significant at 1% level (Figure 14). Whereas, Alvand variety had the most thousand grain weight 

(42.5 gr) and Sayonz variety had the least thousand grain weight (35.88 gr). Reciprocal effect of treatments 

showed that Sayonz variety with irrigation stop in milk grain stage had the least thousand grain weight (31.83 

gr) and Alvand variety with normal irrigation had the most thousand grain weight (46.67 gr), whereas the 

difference between them was significant at 1% level (Figure 15). Drought stress in milk grain stage had the most 

effect on reduction of thousand grain weight. Because drought stress hasnegative effectonmilk grain stage that is 

simultaneous with grains filling,therefore it reduces grains weightand reduces thousand grain weight and finally 

reduces grain yield. This result is confirmed by Noormand-Moayyed [13] and Morgan [12]. 
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Fig. 13: Thousand grain weight on base of irrigation treatments. 

 

 
 

Fig. 14: Thousand grain weight on base of different varieties of bread wheat. 

 

 
 

Fig. 15: Reciprocal effect of irrigation treatments and different varieties of bread wheat. 

 

6-4: Spike weight: 

 The effect of irrigation treatments on spike weight was significant at 1% level (Figure 16). However, 

normal irrigation had the most spike weight (4.1 gr) and irrigation stop in flowering stage had the least spike 

weight (3.21 gr). In addition, the effect of different varieties on spike weight was significant at 1% level (Figure 

17). Whereas, Alvand variety had the most spike weight (4.17 gr) and Sayonz variety had the least spike weight 

(3.04 gr). Reciprocal effect of treatments showed that Sayonz variety with irrigation stop in flowering stage had 

the least spike weight (2.2 gr) and Zarin variety with normal irrigation had the most spike weight (4.8 gr), 

whereas the difference between them was significant at 1% level (Figure 18). Drought stress in flowering stage 

had the most effect on reduction of spike weight. Because, drought stress in flowering stage reducesgrains 

number inspikeletsand spikes. Therefore, irrigation stop in flowering stage can reduce spike weight.  
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Fig. 16: Spike weight on base of irrigation treatments. 

 

 
 

Fig. 17: Spike weight on base of different varieties of bread wheat. 

 

 
 

Fig. 18: Reciprocal effect of irrigation treatments and different varieties of bread wheat. 

 

7-4: Grain yield: 

 The effect of irrigation treatments on grain yield was significant at 1% level (Figure 19). However, normal 

irrigation had the most grain yield (8431.23 kg/ha) and irrigation stop in milk grain stage had the least grain 

yield (6485.5 kg/ha). In addition, the effect of different varieties on grain yield was significant at 1% level 

(Figure 20). Whereas, Alvand variety had the most grain yield (8796.73 kg/ha) and Sayonz variety had the least 

grain yield (6333.41 kg/ha). Reciprocal effect of treatments showed that Sayonz variety with irrigation stop in 

milk grain stage had the least grain yield (5519.87 kg/ha) and Alvand variety with normal irrigation had the 

most grain yield (9801.27 kg/ha), whereas the difference between them was significant at 1% level (Figure 21). 

Drought stress in milk grain stage had the most effect on reduction of grain yield. Because drought stress 

hasnegative effecton milk grain stage that is simultaneous with grains filling, therefore it reduces grains weight 

and reduces thousand grain weight and finally reduces grain yield. Besides, drought stress by affecting on 

flowering and heading stages reducesgrains number inspikeletsandspikes and finally reduces grain yield totally. 

This result is confirmed by Singh and Patel [19]. 
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Fig. 19: Grain yield on base of irrigation treatments. 

 

 
 

Fig. 20: Grain yield on base of different varieties of bread wheat. 

 

 
 

Fig. 21: Reciprocal effect of irrigation treatments and different varieties of bread wheat 

 

Conclusion: 

 The results showed that irrigation stop in sensitive growth stages of bread wheat varietieswas endedin 

reduction at yield and yield components. In addition, this reduction was less in Alvand and Zarin varieties than 

Sayonz and Gaskozhen varieties. Actually, Alvand and Zarin varieties were the bestbread wheat varieties in 

Sanandaj region respectively and had the best adaptation with its region. Besides, normal irrigation had the best 

result in increasing of yield and yield components of bread wheat varieties. However, in drought stress 

conditions, we can have irrigation stop in heading and flowering stages of bread wheat, without significant 

reduction in grain yield in comparison with normal irrigation. 
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