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Comprehensive abstract 

Introduction 
Durum wheat (Triticum turgidum L. var. durum) or hard wheat, is the second most important wheat 

crop species. Since durum wheat is mainly cultivated under dryland conditions in the Mediterranean 

region, its yield is strongly affected by abiotic stresses, especially drought and salinity. Salinity stress 

causes osmotic stress and disrupts the ionic balance of the cells and plant physiologic processes such 

as seed germination and seedling growth. This study was conducted to identify durum wheat salinity 

tolerant genotypes at germination stage using multi-trait selection indices such as multi-trait genotype-

ideotype distance index (MGIDI) and the ideal genotype selection index (IGSI). 

 
Materials and methods 

The plant materials of this research were 50 different durum wheat genotypes, which were 

evaluated for salinity tolerance at germination stage. The experiment was conducted as a factorial in a 

completely randomized design with three replications. To create salinity stress, sodium chloride 

(NaCl) was used at three levels including 0 (control), 150 mM (~15 dS.m-1), and 300 mM (~30 dS.m-1) 

concentrations. To evaluate the salinity tolerance of the studied genotypes, quantitative stress tolerance 

indices were first calculated based on root (radicle) and shoot (plumule) dry weight under non-stress 

conditions (Yp) and average salinity levels (Ys) for each genotype. Then according to the results of 

factor analysis based on principal component analysis (PCA), the MGIDI index was calculated using 

the factor scores of the first two factors with eigen values greater than one. The IGSI index for each 

genotype was also calculated using all stress tolerance indices.  

 

Research findings 
The results of factor analysis based on principal component analysis (PCA) showed that the first 

two factors with eigen values greater than one explained 99.6 of the total variance. The calculation of 

the MGIDI index based on the factor scores of the studied genotypes showed that in average salinity 

stress conditions, genotypes 6, 23, 5, 30, 34, 29, 31, 2, 10, 39, 13, 9, 47, 12, 52, 48, and 1 with lower 

values of MGIDI (between 0.90 and 2.50) and higher values of IGSI (between 0.65 and 0.80) were the 

best genotypes in term of salinity tolerance. In contrast, genotypes 46, 43, 19, 26, 4, 15, 42, 38,11, and 

37 with the lower values of IGSI and the higher values of MGIDI, were considered as weak and 

sensitive genotypes to salinity. The coefficient of determination (R2) between these two indices for all 

genotypes was 92%, indicating a high correlation between these two indices and the selection of same 

genotypes. 
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Conclusion 
The results of the present study showed that there was a significant genetic diversity among the 

studied durum wheat genotypes for salinity tolerance at the germination stage, which can be used in 

the breeding programs of this valuable crop. IGSI and MGIDI indices were also effective in 

identifying superior genotypes based on all stress tolerance indices. Therefore, these indices can be 

recommended to select salinity tolerant genotypes based on different traits in breeding programs. 
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Figure 1. Scattering of the studied traits in durum wheat genotypes under average salinity stress conditions based on 

heat map 
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Figure 2. Ranking pattern of different durum wheat genotypes in ascending order based on IGSI index in average of 

salinity conditions 
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Table 1. Factor loadings after Varimax rotation along with eigen value and percentage of variance justified by each 

factor in factor analysis at average salinity levels 

Variable Factor1 Factor2 

Stress sensitivity index (SSI) -0.24 -0.97 

Tolerance index (TOL) 0.24 -0.97 

Seedling dry weight (g) under non-stress conditions (Yp) -0.62 0.78 

Seedling dry weight (g) under stressed conditions (Ys) -0.88 -0.47 
Stress tolerance index (STI) -0.98 0.17 

Yield stability (YSI) -0.24 -0.97 

Average productivity index (MP) -0.86 0.50 
Geometric mean productivity index (GMP) -0.99 0.16 

Yield index (YI) -0.88 -0.47 
Harmonic mean (HM) -0.98 -0.17 

Eigen value 5.76 4.20 
Variance (%) 57.60 42.00 

Cumulative variance (%) 57.60 99.60 
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Figure 3. The ranking pattern of durum wheat genotypes in descending order based on MGIDI index (a) and the 

strengths and weaknesses view of the selected genotypes (b) in average salinity stress conditions 
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Table 2. Comparison of sensitivity and tolerance indices of selected durum wheat genotypes to salinity with the 

average of selected genotypes and the control genotype as well as selection differential based on MGIDI index in 

three selection intensities of 10, 20 and 30 percent 

Genotype YP Ys TOL SSI YSI MP GMP HM YI STI MGIDI IGSI 

G6 38.00 19.00 19.00 0.84 0.50 28.50 26.87 25.33 1.27 0.53 0.95 0.76 

G23 36.33 18.67 17.66 0.82 0.51 27.50 26.04 24.66 1.25 0.50 1.23 0.74 

G5 40.33 18.00 22.33 0.93 0.45 29.17 26.94 24.89 1.20 0.53 1.40 0.69 

G30 45.33 18.84 26.50 0.98 0.42 32.08 29.22 26.61 1.26 0.62 1.61 0.69 

G34 42.00 17.34 24.67 0.99 0.41 29.67 26.98 24.54 1.16 0.53 1.81 0.65 

G29 35.33 17.34 18.00 0.86 0.49 26.33 24.75 23.26 1.16 0.45 1.83 0.68 

G31 38.33 17.00 21.33 0.93 0.44 27.67 25.53 23.55 1.14 0.48 1.84 0.65 

G2 41.67 16.83 24.84 1.00 0.40 29.25 26.48 23.98 1.13 0.51 2.02 0.62 

G10 41.00 16.50 24.50 1.00 0.40 28.75 26.01 23.53 1.10 0.50 2.14 0.61 

G39 39.67 16.33 23.34 0.99 0.41 28.00 25.45 23.14 1.09 0.47 2.17 0.60 

G13 39.00 16.17 22.84 0.98 0.41 27.58 25.11 22.86 1.08 0.46 2.24 0.60 

G9 35.33 16.17 19.17 0.91 0.46 25.75 23.90 22.18 1.08 0.42 2.31 0.61 

G47 32.00 16.84 15.17 0.80 0.53 24.42 23.21 22.06 1.13 0.39 2.39 0.65 

G12 39.00 15.84 23.17 1.00 0.41 27.42 24.85 22.52 1.06 0.45 2.39 0.58 

G1 43.00 16.17 26.84 1.05 0.38 29.58 26.36 23.50 1.08 0.51 2.42 0.58 

Selected 

genotypes 

means 

(10%) 40.40 18.37 22.03 0.91 0.46 29.38 27.21 25.21 1.23 0.54 1.40 0.71 

(20%) 39.80 17.58 22.22 0.93 0.44 28.69 26.43 24.35 1.18 0.51 1.70 0.67 

(30%) 39.09 17.13 21.95 0.94 0.44 28.11 25.85 23.77 1.15 0.49 1.92 0.65 

Check variety 

(Dehdasht, G1) 
43.00 16.17 26.84 1.05 0.38 29.58 26.36 23.50 1.08 0.51 2.42 0.58 

Non-selected 

genotypes (70%) 
36.05 14.01 22.03 1.01 0.40 25.03 22.38 20.04 0.94 0.37 3.44 0.48 

Total genotypes 36.96 14.95 22.01 0.99 0.41 25.96 23.42 21.16 1.00 0.41 2.98 0.53 

Selection 

differential 

(10%) 9.30 22.86 0.09 -8.10 11.65 13.21 16.20 19.13 22.86 33.80 -53.02 33.62 

(20%) 7.68 17.62 0.93 -5.79 8.33 10.54 12.85 15.07 17.62 26.25 -42.97 26.52 

(30%) 5.76 14.60 -0.25 -5.33 7.67 8.30 10.38 12.36 14.60 20.88 -35.68 22.25 
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Table 3. Selected genotypes by MGIDI and IGSI indices at selection intensities of 10, 20, and 30% and Pearson 

correlation between them 

Selection 

intensity 

Selected 

genotypes 

number 
Based on MGIDI Based on IGSI 

Uncommon 

genotypes 

selected 

Pearson 

correlation 

coefficient 

Coefficient  of 

determination 

(R²) 

(10%) 5 6, 23, 5, 30, 34 6, 23, 5, 30, 29 1 0.964 0.93 

(20%) 10 6, 23, 5, 30, 34, 29, 31, 

2, 10, 39 
6, 23, 5, 30, 29, 34, 47, 31, 

2, 48 
2 0.975 0.95 

(30%) 15 6, 23, 5, 30, 34, 29, 31, 

2, 10, 39, 13, 9, 47, 12, 1 
6, 23, 5, 30, 29, 34, 47, 31, 

41, 2, 48, 9,10, 39, 13 
2 0.936 0.89 

Total     0.956 0.92 
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