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ABSTRACT: In order to evaluate the tolerance of bread wheat genotypes to drought stress, 9 genotypes 
were conducted in a randomized complete block design in three replications and two conditions drought 
stress and normal irrigation in the field of Islamic Azad University, Ardabil. Moisture regimens were 
applied in two ways: normal irrigation and terminal drought. Drought resistance and sensitivity to drought 
indicators was calculated to grain yield in two years. Results showed that there was significant difference 
between treatments in both normal irrigation and drought stress conditions at 1% level in the first year. 
But there was significant difference between treatments only in drought stress condition at 1% level in 
the second year. At first year, Saisons and Tous genotypes in normal conditions respectively with the 
means of 5.25 and 6.14 t per ha had the maximum performance than other genotypes. Genotypes 
Gascogne, 4061 and Sardari respectively the averages of 4.74, 4.54 and 4.13 t had the maximum 
performance than other genotypes in drought stress conditions. In the second year, Tous genotype with 
an average 3.93 t had the maximum performance than other genotypes in drought stress conditions. At 
first year, Tous and Sardari genotypes respectively with index STI, 0.95 and 0.88 and in the second 
year, genotypes of Sardari and 4061 with index STI and 1.17 were identified as tolerant genotypes. Also 
genotypes 4057 and Sardari were identified as tolerant genotypes in terms of tolerance index (TOL) that 
show the relative tolerance of genotypes. Saisons was identified as sensitive to drought genotype and in 
the second year, genotypes 4057, MV17/zrn, 4041 and Tous as tolerant genotypes and Gascogne were 
identified as sensitive to drought genotype. 
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INTRODUCTION 
 

 Wheat produces in extensive limits of ecological conditions and geographical areas, and its diffusion extent is 
higher than any other species due to high compatibility with environmental different weather conditions, and it's a 
crop as a main food for a majority of worldwide increasing population (Jalal Kamali, 2008). Iran was located on 
world's desert belt and identified as a dry and semidry area. Rainfall mean is about 250 Mm in country, and this rat 
is one third (1/3) of the world's one, while it has 1.2 percent of worlds drought lands. On the other hand, of 18.5 
million hectare of agricultural lands, 6.2 million hectare (33.5 %) is dedicated to dry cultivation. Of 1.2 million 
hectare of dry lands under cultivation, there is rainfall more than 400 Mm (Mohammadi et al., 2006). Long term 
statistics (40 years) show that rainfall in provinces like West-Azerbaijan, East-Azerbaijan, Khorasan, Ardabil, 
Zanjan and Hamadan is 301,347,386,310,438 and 340 Mm, respectively, which primarily happened at fall, winter 
and early spring (Anonymous, 2004). The drier region, the high rainfall oscillations, so that rainless and more 
humid years was created from average to periodical rate. Therefore, we must select varieties for these areas which 
can produce cost-effective and stable yield at rainless years, and also they were tolerant to drought and can utilize 
humidity which reserved in the soil at the most optimal conditions (Yusofi Azar and rezaei, 2007). Of 2.3 million 
hectare irrigated wheat in the country, about 900 thousand hectare of irrigated wheat varieties were cultivated at 
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cold regions (Anonymous, 2006). In these areas, farmers do not obtained optimal results in high-need varieties to 
irrigation due to lack of adequate water in spring and/or lack of enough irrigation as a result of consumption of 
irrigation water for summer agricultures, consequently the wheat agriculture suffered from drought stress in end of 
season (Mahfuzi et al., 2007).  
 One of the strategic objectives in breeding programs is introducing one or more compatible genotypes for 
cultivation in one or more regions; thus, the reaction of genotypes is investigated in different environments. The 
study of genotype and environment effect is one of the most important evaluation indexes of genotypes in response 
to environmental conditions. Performance sustainability of a genotype evaluate through lack of significant changes 
in a genotype in environments that conditions are not same (Russell and Hamblin, 1981). In other words, the main 
goal of the experiments is compare the performance in different regions and years and also select the compatible 
genotypes to stress and normal conditions. The selection of genotypes is divided in four group based on their 
performance in the stress and non-stress environmental condition (Fernandez, 1992): 
Group A: Those genotypes are superior in the both environments. 
Group B: Those genotypes are superior only in the favorable environments. 
Group C: Genotypes with high yield in the stress environment. Environments. 
Group D: Those genotypes have poor performance in the both  
 To select plants based on performance, different indicators are proposed. The indexes covers yield in both 
stress and normal environment (Fernandez, 1992).(Fisher and Maver Er, 1978) have proposed two stages in the 
development of drought tolerant cultivars. Firstly, the cultivars should be screened so severe and rapid based on 
grain yield under stress conditions. And the second stage, the remaining samples should be screened based on 
main physiological characteristics and related to performance and effective in the drought tolerance. (Rozil and 
Hamblin, 1981) presented tolerance index as follows: 

TOL=Yp-Ys 

 Whatever the tolerance index is low, genotype sensitivity to drought is lower and better. The selection based 
on the index cause to genotypes be selected under non-stress conditions with low yield, but they have high yield 
under stress conditions. Average measure of fertility is reason to select the genotypes have high performance in 
favorable condition. However, they have low performance in unfavorable conditions. (Fernandez, 1992) proposed 
the stress tolerance index was able to identify genotypes with high yield in both stress and non-stress than other 
genotypes. 
 This index is calculated as follows:  

STI= (Yp) (Ys)/ (Yp)
 2 

 

 (Zabet et al., 2003) in the study of drought stress effects on the different characteristics and determine the best 
index of drought resistance in mungbean, identified STI indicators, geometric and arithmetic average appropriate 
and stated that they can be selected based on the identification of resistant genotypes. In this study, a significant 
positive correlation was obtained between performance in both environments and indices STI, GMP and MP. (Tari 
Nejad, 1998) reported the simple correlation between STI with Yp, Ys and SSI in the wheat respectively 0.774, 
0.889 and 0.318. He concluded that whatever calculated value of the STI is high for a genotype, thus, the 
genotypes were drought tolerant and has high yield. 
 

MATERIALS AND METHODS 
 

 This experiment was conducted in the field of Islamic Azad University, Ardabil, located in the village area of 
Hasan Baroogh (5 km in west of Ardabil). The height from sea level is 1350 m in this location and its latitude and 
longitude is 48.2 East and 38.15 North. Physiochemical results of soil samples used in this experiment are shown 
in the table 1. List 9 wheat genotypes received from Agriculture and Natural Resources Research Center of Ardabil 
Province were prepared which is shown in Table 2. The experiment was performed in a randomized complete 
block design with three replications and the moisture regimens were applied in two ways: normal irrigation and 
terminal drought. Agricultural land was under wheat - fallow alternation. 
 The operation of preparing the ground was included plowing after harvesting the previous crop, two times 
discs, two times vertical Leveler and making the furrows. Each plot consisted of three rows and distance of 20 cm 
from each other and it was three meters in length. Each plot dimensions was 3 × 1.2 square meters. 30 cm was 
considered as marginal from the beginning and end of each plot. The seed consumption rate was planted based on 
450 seeds per square meter in late November. The irrigation was performed in two types: furrow and stacked. It 
performed twice in autumn and three times in spring. Treatments were under drought stress, irrigation was not 
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performed twice. Any type of poison did not used for fighting the weeds and it was performed in the form of 
mechanically and manually at all stages from tillering to grain filling stage. In addition to irrigation treatments, free 
rainfall took place as snow and rain over the plant growth. 
 

Table 1.  Physicochemical results of the soil samples tested 
Salinity(ds.m) PH Saturation percentage Lime percentage Clay percentage Silt percentage Gravel percentage Texture 

2.01 7.68 42 6.024 26 36 38 Lumi 

Percent organic carbon 
N 
(ppm) 

P 
(ppm) 

Potassium 
(ppm) 

Zn (ppm) Fe (ppm) 
Cu 
(ppm) 

Mn (ppm) 

0.78 0.08 5.43 440 2.56 0.202 0.9 0.17 

 
Table 2 .  Names of cultivars tested in this study 

Number Genotype Number Genotype 

1 Gascogne 6 4061 
2 Sabalan 7 4041 
3 4057 8 Saisons 
4 MV17/zrn 9 Toos 
5 Sardari   

 
Drought Stress Indices 
 To estimate the sensitivity and drought tolerance indices, it was used the performance of wheat genotypes in 
drought stress tests and stop irrigation after flowering (Ys) with their performance without drought stress (Yp) as 
follow: 
 1 - Drought Tolerance Index (TOL) (Rozil and Hamblin, 1981): 
 TOL=Yp-Ys 
 2 - Stress Tolerance Index (STI) (Fernandez, 1992): 
 STI= (Yp) (Ys). (Ŷp) 2 
 Yp= Potential yield of each cultivar or line under drought non-stress 
 Ys= Potential yield of each cultivar or line under drought stress 
 Ўs= Average yield of all lines in the drought stress condition 
 Ўp= Average yield of all lines in the drought non-stress condition 
 Thus, drought tolerant and sensitive lines and cultivars were evaluated using the drought tolerance indexes. 
 

RESULTS AND DISCUSSION 
 

Simple variance analysis and mean comparison of performance in the first year 
 The results obtained from simple variance analysis of wheat genotypes performance in the first year showed 
that there was no significant difference between repetitions. But there was significant difference between 
treatments in both normal irrigation and drought conditions (Table 3). The yield means comparison in 9 wheat 
genotypes using Duncan test at 5% level showed that Saisons and Tous genotypes in normal conditions 
respectively with the means of 5.25 and 6.14 t per ha were located in the same group (A) and had the maximum 
performance than other genotypes. Genotypes Gascogne, 4061 and Sardari respectively the averages of 4.74, 
4.54 and 4.13 t ha were located in the same group (A) and had the maximum performance than other genotypes.  
 
Simple variance analysis and mean comparison of performance in the second year 
 The results obtained from simple variance analysis of wheat genotypes performance in the second year 
showed that there was no significant difference between repetitions. But there was significant difference between 
treatments only in the drought conditions (Table 3). The yield means comparison in 9 wheat genotypes using 
Duncan test at 5% level showed that Tous genotype in drought conditions with the means of 3.93 t per ha were 
located in group (A) and had the maximum performance than other genotypes. 
 

Table 3. The results of simple variance analysis of grain yield in two irrigation levels at different years 
MS 

df S.O.V Year 2 Year 1 

Drought Stress Normal Irrigation Drought Stress Normal Irrigation 

0.317 0.465 0.565 0.003 2 Rep 
0.542* 0.205 2.337** 11.455** 8 Genotype 
0.195 0.464 0.022 0.633 16 Error 

10.85 16.28 8.56 12.25 CV% 
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Table 4. The results of simple variance analysis of grain yield (t per ha) of wheat genotypes by Duncan test (5%) in two irrigation 
level at twp years 

Year 2 Year 1 
Genotypes 

Drought Stress Normal Irrigation Drought Stress Normal Irrigation 

c 2.467 a 3.873 a 4.74 c 5.026 Gascogne 
abc 3.157 a 3.797 bc 3.227 cd 4.261 Sabalan 
ab 3.39 a 4.476 cd 2.44 e 2.681 4057 
abc 3.25 a 3.623 bcd 3.157 c 4.213 MV17/zrn 
abc 3.09 a 3.927 a 4.127 ab 6.462 Sardari 
abc 3.316 a 3.67 a 4.54 cd 5.356 4061 
ab 3.53 a 3.877 d 2.283 ab 5.386 4041 
bc 2.733 a 3.46 ab 4 a 5.625 Saisons 
a 3.927 a 4.003 cd 3.083 a 6.137 Toos 

 
 In this experiment, the stress intensity (SI) was estimated 0.3 in the first year and 0.08 in the second year 
(Table 5). It is calculated only to measure the intensity of drought stress and it is not applicable to measure the 
stress intensity figures (Fisher and Maori, 1978). The best index for selection of genotypes is STI, because it is 
able to separate lines have high yield in both normal irrigation and drought (group A) from two groups lines have 
high yield only in normal irrigation (group B) or only in drought stress (group C). (Fernandez, 1992) believes that 
STI and GMP are as the best indexes for selection of genotypes with desirable performance given the high 
significant correlation between them. At first year, Tous and Sardari genotypes respectively with index STI, 0.95 
and 0.88 and in the second year, genotypes of Sardari and 4061 with index STI and 1.17 were identified as tolerant 
genotypes (Table 5-4). The low value in terms of TOL which representing for relative tolerant to genotypes. Also 
genotypes 4057 and Sardari were identified as tolerant genotypes in terms of tolerance index (TOL) that show the 
relative tolerance of genotypes. Saisons was identified as drought sensitive genotype and in the second year, 
genotypes 4057, MV17/zrn, 4041 and Tous as tolerant genotypes and Gascogne were identified as drought 
sensitive genotype (Table 5-4). Selection based on tolerance is often selection cultivars that produce low yield in 
non-stress conditions (Rozil and Hamblin, 1984). 
 
The correlation between the performance on both environment and tolerance indexes 
 Study the correlation between the performance on both environment and tolerance indexes showed (Table 6) 
in the first year, there was significant positive correlation between the yield in normal irrigation and drought stress 
and STI, but there was significant positive correlation between the yield in normal irrigation and TOL. (Khalilzadeh 
and karbalaei khiyavi, 2002) believe that most appropriate index for selecting drought tolerant varieties is that have 
relatively high correlation with grain yield both stress and non-stress conditions. (Farshadfar et al., 2001) a study on 
chickpea, reported all indices correlated with yield had significant positive correlation in non-stress conditions. They 
also reported that there was insignificant negative correlation between TOL and the yield in stress conditions. 
(Fernandez, 1992) in a three years study in normal condition and water deficit found that there is a significant 
correlation between sensitivity to stress index and yield. The results of this study are consistent with the findings of 
(Normand et al., 2001). They reported that there is a significant and positive correlation between GMP and STI. 
(Shafa Zadeh et al., 2004) a study on wheat genotypes, reported there is a significant and positive correlation 
between the yield in stress condition and also significant and positive correlation between the yield in stress 
condition and MP, GMP and STI. Also, they reported significant and positive correlation between the yield in non-
stress condition and all drought tolerance and susceptibility indices. (Farshadfar et al., 2001) a study on chickpea, 
reported all indices correlated with yield had significant positive correlation in non-stress conditions. They also 
reported that there was insignificant negative correlation between TOL and the yield in stress conditions. (Ismail-
zadeh, 2004) reported that yield average, the geometric mean and stress tolerance index have more efficient than 
two stress susceptibility and tolerance indexes in identification of drought tolerant wheat genotypes. Stress 
tolerance index has greater ability to discriminate the groups among them. Zare Faiz Abadi and Godsi (2004) 
reported stress susceptibility index made significant distinction between 20 wheat genotypes. (Fernandez, 1992 
and Mozaffar., 1994) also introduced STI and GMP indices as indicators of drought resistance. (Fernandez, 1992) 
in a three years study in normal condition and water deficit found that there is a significant correlation between 
sensitivity to stress index and grain yield. (Normand Moayed et al., 2001) in correlation between the yield and GMP 
and STI reported that these results are consistent with their findings. The significant positive correlation among STI 
in normal and stress conditions was consistent with results reported by other investigators (Fernandez, 1992; 
Golparvar, 2000; Ahmadi et al., 2005). 
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Table 5 .  Average yield and drought tolerance indexes 

Year 2 Year 1 
Grain Yield (ton/ha) 

Genotypes Year 2 Year 1 

STI TOL STI TOL Drought Stress Normal Irrigation Drought Stress Normal Irrigation 

0.95 2.27 0.68 2.15 c 2.467 a 3.873 a 4.74 c 5.026 Gascogne 
0.83 0.07 0.58 1.46 abc 3.157 a 3.797 bc 3.227 cd 4.261 Sabalan 
0.67 0 0.34 0 ab 3.39 a 4.476 cd 2.44 e 2.681 4057 
0.83 0 0.45 0.59 abc 3.25 a 3.623 bcd 3.157 c 4.213 MV17/zrn 
1.17 0.6 0.88 0 abc 3.09 a 3.927 a 4.127 ab 6.462 Sardari 
1.17 1.36 0.57 1.69 abc 3.316 a 3.67 a 4.54 cd 5.356 4061 
0.65 0 0.84 3.51 ab 3.53 a 3.877 d 2.283 ab 5.386 4041 
0.89 1.27 0.87 5.17 bc 2.733 a 3.46 ab 4 a 5.625 Saisons 
0.98 0 0.95 4.14 a 3.927 a 4.003 cd 3.083 a 6.137 Toos 

                                                           SI = 0.08                                     SI = 0.3 

 
Table 6 . Correlation coefficient matrix among TOL and STI and the yield in two normal and stress condition 

STI TOL Yp Ys  

  
1 

0.117 
YP 

  0.264 
 

1 
0.694* -0.057 

TOL 
 -0.239 -0.443 

1 
0.642 0.952** 0.65* 

STI 
0.606 -0.48 0.026 
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