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ABSTRACT: In order to identify the effective traits of performance and the best index of drought 
resistance on bread wheat in cold regions of Ardabil province, an experiment was conducted on 10 
wheat crop in a randomized complete block design with three replications at the research station of 
Islamic Azad University of Ardabil in 2011. Genotypes were cultured in the form of separate design with 
normal irrigation and drought in last season. The common irrigation was cut off by the end of the season 
and the other irrigation from the pollination stage in one of the parts. The variance analysis results 
showed that stress reduced most of traits and was observed the highest reduction in yield. The study of 
the index of drought resistance, drought tolerance (STI), the geometric mean of productivity (GMP) and 
the productivity mean (MP) had highly correlation with potential yield (YP) and yield in stress condition 
(YS), they were recognized the most resistant genotype as the best index and genotypes C-78-14 and 
Marvdasht with the highest yield. Two main components justified 97.7% of the variations with principal 
components analysis on tolerance indices to drought. Gascogne was identified as the weakest cultivar in 
both stress and normal conditions. 
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INTRODUCTION 

 
 Wheat is the most important crops in the world that provide 20 percent of the energy of human diet (Ahmadi et 
al, 2004). Food Policy International Center estimates that, global demand for wheat will increase greatly by 2020 
while, the available resources faces constraints for wheat production. It is expected that there is about 100 million 
tons of wheat supply shortage on the world market (Choukan, 2002). Yield is greatly influenced by environmental 
factors so; the selection does not reliable based on performance in order to improve and has not desirable genetic 
improvement (Dawari and Luthra, 1991), especially in drought stress conditions that yield heritability will greatly 
reduce due to the interaction of genotype and environment (Richard, 1996). Therefore, for the improvement of 
performance, traits should be considered that have highly correlation and are less affected by environment (Dawari 
and Luthra, 1991). Blum stated that the selection of drought tolerance should be associated with choice of genetic 
material for high yield potential under non-stress conditions (Blum, 1996). According to Fisher criterion for drought 
resistance is grain yield status at dry conditions (Fisher and Maurer, 1978). To determine resistance to drought, 
stress tolerance index (Tol) and productivity mean (MP) was proposed by Rosily and Hamelin which (Mp) 
represents the mean of cultivars performance, consequently the mean will be virgule and results will not correct if 
two performance be different (Rosielle and Hamblin, 1981), So Fernandez suggested geometric mean index (GMP) 
that it had not disadvantages of the productivity mean. Also another index named stress tolerance (STI) proposed 
by Fernandez, this index is associated with high performance of plant in both environments (Fernandez, 1992). 
Other proposed index is stress susceptibility index (SSI) which can only choose plants with high yield in stress 
environments. They performed a test to evaluate the criteria of resistance to drought in which the stress 
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susceptibility index (SSI), water use efficiency of the hybrids yield (YS), the ratio of yield loss (Yr) and drought 
tolerance were selected to evaluate resistance to drought in stress conditions. 
 
 

MATERIALS AND METHODS 
 

 To identify the traits and resistance to drought genotypes, an experiment was conducted in a randomized 
complete block design with 10 cultivars including Shahriar, Pishtaz, Marvdasht, Mahdavi, Sardari, Gascogne, 
Saison and Tous MV-17 and C-78-14 with three replications at the research station of Islamic Azad University of 
Ardabil. The test was performed in the form of two separate design normal irrigation and last season drought. 
Irrigation was cut in moisture stress conditions at pollination stage. The specifications of experiment location were 
semi-arid and cold climate and temperatures in the winter had often been below zero and 1350 m altitude and 
latitude and longitude was respectively, 48.20 and 38.15. Each genotype was planted in a plot and size of 6 × 1.2 
m that was considered as marginal the removal of 30 cm. Experimental seeds were disinfected with the fungicide 
carboxin thiram ratio of 2 per thousand before planting to prevent bunt. Seeding rate with regard to thousand seed 
weight and based on 450 seeds per square meter for culture was determined for each genotype. 10 plants per plot 
randomly selected to evaluate and traits measurement after elimination of the border were selected and classified. 
In this design, traits such as plant height, flag leaf length and width, awn length, spike weight, spike density, 
thousand grain weight, biomass, harvest index and yield were measured and evaluated. For statistical analysis was 
used software such as Minitab-15, SPSS-16 and MSTAT-C. To identify resistance to drought genotypes, 
productivity mean index (MP), geometric mean index (GMP), stress tolerance index (STI), tolerance index (TOL), 
susceptibility index to stress (SSI) and tolerance index to deformed stress (MSTI) Was calculated using the 
following equations: 
 
MP = (YPi + YSi ) . 2                  GMP = √YPi×Ysi                              STI = (YPi×YSi).Yp

2 
 

TOL = ( YPi – YSi )           SSI = (1-(Ysi.Ypi)) . SI;            SI = 1- (Ys.Yp)        MSTI = K1( STI );  K1=Ypi
2
.Yp 

 
RESULTS AND DISCUSSION 

 
 The results of variance analysis showed that there were significant difference in traits such as plant height and 
number of spikes in normal condition at 0.01 level and in spike weight and performance at 0.05 level. These traits 
have direct and important role in determine plant performance but significant difference were not observed in other 
traits (Table 1). There were also significant differences between peduncle length, plant height, number of spikes 
per unit area, biomass weight and thousand grain weights of genotypes in stress condition which among them, the 
thousand grain weight at 0.05 level and others at 0.01 level were significant (Table 2). Yield in normal irrigation 
condition were significant but in the end of season stress were not significant. 
 

Table 1. Variance analysis of grain yield and effective traits on yield in normal moisture conditions 

Source of Variations df 
Mean Square  

Spike weight Seed weight Height Weight biomass Peduncle weight Number of spikes per square meter Yield 

Rep 2 0.09 16.8 3.4 0.16 0.007 215 3161.3 

Treatment 9 0..088* 28.5 215** 0.24 0.003 4352** 51340.2* 

Error 18 0.05 23.2 25.4
 

0.14 0.001 468 4028.5 

CV (%) - 15.6 16.6 6.7 13.5 11.9 4.1 45.6 

 

Table 2. Variance analysis of grain yield and effective traits on yield in moisture stress conditions 

Source of Variations df 
Mean Square  

Spike weight Seed weight Height Weight biomass Peduncle weight Number of spikes per square meter Yield 

Rep 2 0.025 19 110 0.04 0.001 460 2268.2 

Treatment 9 0.18 26* 286** 0.16** 0.001 538** 2428.4 

Error 18 0.02 11.5 11.3
 

0.051 0.0016 227 19933 

CV (%) - 17.9 22.8 6.4 10.8 14.5 15.6 21.2 



Intl J Farm & Alli Sci. Vol., 2 (10): 257-260, 2013 

 

259 
 

Drought tolerance index 

 Susceptibility and resistance to drought of cultivars were investigated by 5 indexes TOL, MP, GMP, STI and 
SSI (Table 3). High levels of indicators MP, GMP and STI represent higher yield and resistance in the genotypes. 
Therefore, these indicators are able to distinguish group A from the groups B, C. According to the tables, cultivars 
Marvdasht and C-78-14 had the highest values in terms of the four indices that represent acceptable performance 
and high resistance in normal condition. Susceptibility indices to stress such as TOL and SST which its lower 
values indicate a greater tolerance to drought and vice versa, that cultivars of Sardari and Gascogne had lowest 
value and were identified as resistant varieties. Fernandez (1992) believes the most appropriate criteria for 
choosing should identify genotypes that present the same demonstration in both environments in terms of 
performance (Group A). To determine the best selection criteria, selection criteria are those which are highly 
correlated with the performance of the two environments. According to the results of table 5 indices MP, GMP and 
STI have positive and significant correlation with YS and YS while indices SSI and TOL had negative correlation 
with YP. 
 

Table 3. Estimated sensitivity of 10 genotypes of wheat by various indicators of drought tolerance in normal and stress conditions 

SSI TOL STI GMP MP YSi YPi Genotype NO 

1.02 0.88 0.56 2.07 3.5 2.73 2.90 Shahriar 1 

1.45 1.13 0.80 3.2 3.3 2.8 3.00 Pishtaz 2 

1.15 0.98 1.03 3.85 3.88 3.39 4.38 Marvdasht 3 

1.36 0.82 0.49 2.64 2.68 2.27 3.09 Mahdavi 4 

0.03 0.65 0.84 3.48 3.51 3.09 3.18 Sardari 5 

0.86 0.41 0.67 3.09 3.17 2.47 3.50 Gascogne 6 

1.08 1.73 0.66 3.07 3.10 2.73 3.64 Saisons 7 

1.46 1.35 0.95 3.70 3.70 3.53 3.88 Tous 8 

0.52 1.37 0.82 3.43 3.44 3.25 3.62 MV-17 9 

1.10 1.08 1.09 3.96 3.96 3.92 4.00 C-78-14 10 

 

Table 4. Correlation between the normal yield and drought stress and resistance to drought indexes 

 Yp Ys TOL MP SSI STI GMP 

Yp 1 0.356 0.985** -0.35 0.75** 0.852** 0.768** 
Ys  1 -0.23 0.7** -0.66** 0.75** 0.60** 
TOL   1 0.67** 0.95** 0.45 .048* 
MP    1 0.3 0.95** 0.89** 
SSI     1 0.09 0.15 
STI      1 0.9** 
GMP       1 

 

Table 5. results of analysis to the main components 

                     Special vectors of component 

Tolerant  indices                                                       
1 2 

Yp 0.938 -0.186 

Ys 0.606 0.896 

MP 0.899 0.584 

GMP 0.896 0.456 

SSI 0.192 0.970 

TOL -0.021 -0.982 

STI 0.882 0.524 

Special amount 3.255 2.208 

Relative variance 49.397 48.303 

Cumulative variance 49.397 97.7 
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CONCLUSION 
  
 Cultivars of Sardari and Gascogne were identified as resistant cultivars but their performance was poor 
however, they are favorable for the arid and semi-arid areas due to their resistance. According to the results of 
analysis to the main components (Table 5), the indexes of GMP, MP, and STI have been recognized as the best 
indicator of the region. Cultivar of Marvdasht and C-78-14 had priority in terms of both yield and resistance to 
drought than other genotypes and are recommended as suitable cultivars for cold and temperate regions. 
  

REFERENCES 
 
Ahmadi A, Yazdi Samadi B, Zargar Nataj J. 2004. The effects to low temperature on seed germination and seedling physiological traits in three 

winter wheat cultivars. Agric. Sci. Nat. Res. 11: 117-126. 
Blum, A. 1996. Yield potential and Drought Resistance: Are they mutually exclusive in: Reynolds, M. P., S. Rajaram, and A. Mc Nab. Increasing 

yield potential in wheat: Mexico, DF.CIMMYT.P.90-100. 
Choukan, R. 2002. Genetic analysis of grain and yield components in maize. Seed and plant 18:170-178 
Dawari, N.H. and Luthra, O. p. 1991. Character association studies under high and low environments in wheat. Indian Journal of Agricultural 

Research 25 (2): 68-72 
Fernandez, G. C. J. 1992. Effective selection criteria for assessing plant stress tolerance. In: Proceedings of the International Symposium on 

Adaptation of Vegetables and other Food Crops in Temperature and Water Stress. Taiwan.pp.257-270 
Fisher, R.A., and Maurer, R. 1978. Drought resistance in spring wheat cultivars. I. Grain yield responses. Aus. J. Agric. Res. 29:879-912. 
Richard, R.A. 1996. Defining selection to improve yield under drought. Plant Growth Regulation 20: 157-166.  
Rosielle, A, A., and Hamblin, J. 1981. Theoretical aspect of selection for yield in stress and non-stress environments. Crop Science 21: 943-

945. 

 


