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Comprehensive abstract 

Introduction 
Water deficit compared to other abiotic stresses is the most important factor limiting the growth 

and production in all crops, especially in wheat. Investigating the response of crop plants under stress 

conditions is the best way to produce drought-tolerant cultivars and improve yield under stress 

conditions. The challenge of breeding for drought stress tolerance in all crop plants, is to achieve a 

rapid screening method of genotypes and genetic improvement of yield under these difficult 

environmental conditions. The objective of this experiment was to identify high-yielding and water 

deficit tolerant genotypes in an F4 generation population of bread wheat. 

Materials and methods 
The plant materials of this experiment were 90 genotypes of the F4 generation resulting from a 

cross between two bread wheat cultivars (Arta, a spring cultivar sensitive to salinity and drought 

stresses, and Arg, a tolerant cultivar to salinity and drought stresses). These genotypes along with the 

parents, were evaluated in split plots based on randomized complete block design with three 

replications under two conditions (normal irrigation and non-irrigation from the pollination stage) in 

the research farm of Faculty of Agriculture, Tabriz University, Tabriz, Iran, in 2014. Evaluating the 

genotypes were done by simultaneous application of stress tolerance index (STI) based on yield-

related traits including grain yield (STI-Y), spike weight (STI-S), 1000-grain weight (STI-1000) and 

harvest index (STI-HI) and identifying the relationship between these indices using genotype ×  trait 

biplot analysis. The studied genotypes were ranked based on the relationships in the biplot, and the 

high yield and water deficit tolerant genotypes were identified. 

Research findings 
The results of biplot showed that the first two principal components explained 72% (46% and 26%, 

respectively) of total variance in the studied population. Acute and closed angle between the STI-Y, 

STI-S and STI-HI vectors indicated a positive correlation between these traits, while the open and 

obtuse angle between the STI-Y and STI-HI traits with STI-1000 showed a negative correlation 

between them. In contrast, an quadrant angle was observed between STI-S and STI-1000 vectors, 

indicating that these two traits were independent and uncorrelated. In total, according to the 

relationships in the biplot and based on the combination of STI-Y and STI-1000 vectors, genotypes 

No. 84, 45, 89 and 15 were identified and introduced as the highest grain yield and most water deficit 

tolerant genotypes. 
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Conclusion 
The results of this experiment led to identification of superior and promising genotypes with higher 

yield potential and more tolerance to water deficit stress. Genotypes No. 84, 45, 89 and 15, which 

were superior to the stress-tolerant parent, after the purification steps, can be introduced as suitable 

genotypes for cultivation under water stress conditions as well as in normal environments. These 

genotypes can be used as drought tolerant parental lines in future breeding programs. 
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Table 1. Analysis of variance of wheat F4 genotypes derived from the cross between Arta and Arg 

cultivars under water deficit stress and non-stress conditions 

Sources of variation df 
Mean squares  

Grain yield Spike weight Harvest index 1000-grain weight 

Replication (R) 2 0.059 ns 0.637 ns 3.088 ns 8.762 ns 

Water regime (W) 1 5.584** 6.593** 282.100** 3297.571** 

Main plot error 2 0.164 1.030 37.612 7.587 

Genotype (G) 91 0.065** 0.110* 47.731* 63.631* 

W × G 91 0.026 ns 0.086ns 36.312 ns 35.516 ns 

R × G 182 0.056* 0.071 ns 34.583 ns 29.305 ns 

Sup-plot error 182 0.036 0.067 33.132 36.413 

CV (%)  15.419 9.903 27.898 21.162 
ns, * and **: Not-significant and Significant at 5% and 1% probability levels, respectively. 
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Table 2. Correlation coefficients among the stress tolerance indices 
STI-HI STI-1000 STI-S STI-Y  

0.494**  -0.114** 0.557** 1 STI-Y 

0.142** 0.007 1  STI-S 

 -0.122** 1   STI-1000 

1    STI-HI 
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 � !�L����#�� ���@  
Figure 1. Biplot diagram of stress tolerance index (STI) for yield (STI-Y), spike weight (STI-S), 1000-grain 

weight (STI-1000) and harvest index (STI-HI) in wheat genotypes 
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Figure 2. Biplot diagram of wheat genotypes based on rank of stress tolerance index (STI) for yield (STI-Y) and 

1000-grain weight (STI-1000) indices 
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Table 3. Rank of wheat genotypes  in GT biplot based on combination of the STI-Y and STI-1000 indices 

Rank Genotype Rank Genotype Rank Genotype Rank Genotype 

70 F4-49 47 F4-35 24 F4-59 1 F4-84 

71 F4-74 48 F4-20 25 F4-27 2 F4-45 

72 F4-78 49 F4-71 26 F4-24 3 F4-89 

73 F4-33 50 F4-70 27 F4-46 4 F4-15 

74 F4-55 51 F4-42 28 F4-12 5 P2 

75 F4-72 52 F4-50 29 F4-54 6 F4-82 

76 F4-32 53 F4-28 30 F4-85 7 F4-80 

77 F4-26 54 F4-6 31 F4-29 8 F4-65 

78 F4-66 55 F4-7 32 F4-3 9 F4-4 

79 F4-19 56 F4-53 33 F4-64 10 F4-60 

80 F4-30 57 F4-47 34 F4-77 11 F4-73 

81 F4-8 58 F4-2 35 F4-87 12 F4-44 

82 F4-37 59 F4-90 36 F4-17 13 F4-56 

83 F4-40 60 F4-1 37 F4-14 14 F4-63 

84 F4-38 61 F4-48 38 F4-17 15 F4-5 

85 F4-76 62 F4-67 39 F4-62 16 F4-51 

86 F4-21 63 F4-22 40 F4-69 17 F4-79 

87 F4-13 64 F4-61 41 F4-16 18 F4-10 

88 F4-57 65 F4-75 42 F4-9 19 F4-41 

89 F4-52 66 F4-11 43 F4-88 20 F4-39 

90 F4-36 67 F4-43 44 F4-34 21 F4-81 

91 P1 68 F4-23 45 F4-18 22 F4-83 

92 F4-68 69 F4-31 46 F4-25 23 F4-86 
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