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ABSTRACT

Introduction: Wheat is the most important food crop in the world in terms of cultivated area, commercial value and human nutrition. It
plays the biggest role in providing food security in the world compared to other agricultural products. Drought is one of the major
environmental factors which threaten wheat production worldwide. Drought and heat stress are two main factors reducing wheat
productivity worldwide. Therefore, it is inevitable to improve and release new wheat cultivars adapted to adverse climate change. Drought
stress during sensitive growth stages of wheat, including grain filling, decreases kernel weight and the number of grains in the spike, which
results in a considerable drop in wheat yield. In recent years, numerous studies have focused on identifying wheat genotypes that are well-
suited to dry conditions. Local varieties and wild relatives are being explored as primary sources of drought tolerance. The results of these
studies serve as a foundation for further research into specific species found within wheat germplasm.

Materials and methods: Nineteen genotypes were studied in this research to identify the tolerant genotypes to drought stress. Nineteen
indicators were used to assess the genotypes regarding sensitivity and resistance to drought stress. Due to the difference in the indicators'
results, the RS rating was used for more accuracy, which is based on the average and standard deviation of the ratings. Finally, the top
genotypes were recognized by this ranking.

Results: Considering all indicators, Genotypes 11, 4, and 5 were ranked highest and recognized as drought-resistant genotypes. Principal
component analysis was conducted for drought resistance indices, revealing that the first two components made the largest contribution in
explaining the variance of the data. The first component accounted for 66.78% and the second component accounted for 32.50% of the total
variance. Based on the calculated indices, genotypes were categorized into four distinct groups. Genotypes 11, 4, and 5, which were
identified as the best genotypes based on RS, were grouped together. Through cluster analysis, genotypes were further classified into four
groups: resistant, semi-resistant, semi-sensitive, and sensitive.

Conclusion: The results showed that Genotypes 4, 5, 11, and 14 had the highest YS, HAM, and Y1 indices under drought stress conditions.
In contrast, Genotypes 1, 6, 7, and 10 had the lowest YS and Y| values. These findings align with previous research showing that grain yield
in stress and non-stress conditions is the best criterion for evaluating drought resistance.
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Table 1. Characteristics of studied genotypes
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Table 2. Geographical location and weather of the test site
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Figure 1. Temperature and rainfall diagram of the experimental site in the crop year 2013-2014
(Iran Meteorological Organization)
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Table 4. The mean grain yield and indicators of sensitivity and tolerance to drought in the examined genotypes

G Yp Ys SSI TOL MP GMP STI Yl YSI HAM DI RDI SSPI K1STI K2STI DN REI MRP PEV
1 221.027 41117  1.098 179.910 131.072 95.330 0.198 0.741 0.186 69.335 0.138 0.719  41.972 0.210 0.109 1.098 0.765 1773 0.814
2 273.727 65597 1.026  208.130 169.662 133998 0.391 1183  0.240 105.832  0.283 0.926  48.556 0.638 0.547 1.026 1511 2460 0.760
3 261.060 50.030 1.091  211.030 155.545 114284  0.284 0902 0.192 83.968 0.173  0.741  49.232 0.422 0.231 1.091 1.099 2120 0.808
4 235.510 81.927  0.880 153.583 158.718 138.905 0.420 1477 0.348 121565 0.514 1344  35.830 0.507 0.917 0.880 1.623 2576  0.652
5 190.170 83.653  0.756 106.517 136.912 126.128  0.346 1508  0.440 116.194  0.664 1.700  24.850 0.273 0.788 0.756 1338 2.396  0.560
6 180.823 35.797  1.082 145.027 108.310 80.454 0.141 0.645 0.198 59.762 0.128 0.765  33.834 0.100 0.059 1.082 0545 1489 0.802
7 200.330 37.137  1.099 163.193 118.733 86.253 0.162 0.670 0.185 62.658 0.124 0.716  38.072 0.142 0.073 1.099 0.626 1.604 0.815
8 174.220 44,000  1.008 130.220 109.110 87.554 0.167 0.793  0.253 70.256 0.200 0.976  30.380 0.110 0.105 1.008 0.645 1.606 0.747
9 226.693 45777 1.077 180.917 136.235 101.869 0.226 0.825 0.202 76.172 0.167 0.780  42.207 0.253 0.154 1.077 0873 1883 0.798
10  215.990 41350 1.091 174.640 128.670 94.505 0.194 0.746 0.191 69.412 0.143  0.740  40.743 0.197 0.108 1.091 0.751 1753  0.809
11 217.817 87.623  0.806 130.193 152.720 138.151 0416 1580  0.402 124973  0.636 1555  30.373 0.429 1.037 0.806 1.606 2596  0.598
12 173.997 47.217  0.983 126.780 110.607 90.640 0.179 0851 0.271 74.277 0.231 1.049 29577 0.118 0.130 0983 0.691 1663 0.729
13 205.787 51.713  1.010 154.073 128.750 103.160 0.232 0932 0.251 82.656 0.234 0971  35.945 0.214 0.201 1.010 0.895 1.893 0.749
14 279.670 66.773  1.027  212.897 173.222 136.655 0.407 1.204 0.239 107.807  0.287 0.923  49.668 0.692 0.589 1.027 1571 2509 0.761
15  219.870 49.587  1.045 170.283 134.728 104.416  0.237 0.894  0.226 80.923 0.202 0.872  39.726 0.250 0.190 1.045 0917 1920 0.774
16 243.857 64.293  0.993 179.563 154.075 125213  0.341 1159 0.264 101.758  0.306  1.019 41891 0.442 0.459 0993 1319 2297 0.736
17 214370 63.820 0.947 150.550 139.095 116.966  0.298 1.151  0.298 98.358 0.343 1.151 35123 0.298 0.394 0947 1151 2151 0.702
18  184.887 50.903  0.978 133.983 117.895 97.012 0.205 0918 0.275 79.828 0.253 1.064  31.258 0.152 0.173 0978 0792 1781 0.725
19  152.297 45383  0.947 106.913 98.840 83.137 0.150 0.818 0.298 69.928 0.244 1152 24942 0.076 0.101 0.947 0582 1529 0.702
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Table 5. Seed yield rank and indicators of sensitivity and tolerance to drought in different wheat genotypes

G Yp Ys SSI TOL MP GMP STI Yl YSI HAM DI RDI SSPI K1STI K2STI DSI  REI  MRP PEV  SUM AVE STD RS
1 7 17 18 15 11 13 13 17 18 17 17 18 15 12 14 18 13 13 18 284 14947  3.045  17.993
2 2 5 11 17 2 4 4 5 11 5 7 11 17 2 5 11 4 4 11 138 7.263 4747  12.011
3 3 10 16 18 4 8 8 10 16 8 14 16 18 6 8 16 8 8 16 211 11.105 4.864  15.969
4 5 3 3 9 3 1 1 3 3 2 3 3 9 3 2 3 1 2 3 62 3.263 2.232 5.495
5 14 2 1 1 8 5 5 2 1 3 1 1 1 8 3 1 5 5 1 68 3.579 3.453 7.032
6 16 19 15 7 18 19 19 19 15 19 18 15 7 18 19 15 19 19 15 311 16.368 3.715  20.083
7 13 18 19 11 14 17 17 18 19 18 19 19 11 15 18 19 17 17 19 318 16.737  2.663  19.400
8 17 15 9 5 17 16 16 15 9 14 13 9 5 17 16 9 16 16 9 243 12.789 4144  16.934
9 6 13 14 16 9 11 11 13 14 12 15 14 16 9 12 14 11 11 14 235 12.368 2565  14.933
10 100 16 17 13 13 14 14 16 17 16 16 17 13 13 15 17 14 14 17 282 14842 1951  16.793
11 9 1 2 4 6 2 2 1 2 1 2 2 4 5 1 2 2 1 2 51 2.684 2.083 4.767
12 18 12 7 3 16 15 15 12 7 13 11 7 3 16 13 7 15 15 7 212 11.158 4598  15.756
13 12 8 10 10 12 10 10 8 10 9 10 10 10 11 9 10 10 10 10 189 9.947 1.026 10973
14 1 4 12 19 1 3 3 4 12 4 6 12 19 1 4 12 3 3 12 135 7.105 5877  12.983
15 8 11 13 12 10 9 9 11 13 10 12 13 12 10 10 13 9 9 13 207 10.895 1.696 12591
16 4 6 8 14 5 6 6 6 8 6 5 8 14 4 6 8 6 6 8 134 7.053 2.758 9.811
17 11 7 5 8 7 7 7 7 5 7 4 5 8 7 7 5 7 7 5 126 6.632 1.571 8.203
18 15 9 6 6 15 12 12 9 6 11 8 6 6 14 11 6 12 12 6 182 9.579 3.322 12901
19 19 14 4 2 19 18 18 14 4 15 9 4 2 19 17 4 18 18 4 222 11684 6913 18597
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Figure 2. Correlation between drought sensitivity and tolerance indices with grain yield under

stress and non-stress conditions
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Table 6. Examining drought resistance indices using decomposition into main components

Indexes PC1 PC2
Yp 915 .399
Ys -.040 .999
SSI 576 -.815

TOL .995 -.064
MP 722 .690
GMP .389 .920
STI 375 .926
Yl -.040 .999
YSI -.576 .815
HAM 116 991
DI -.342 .932
RDI -.576 .815
SSPI .995 -.064

K1STI .692 .697

K2STI .027 .981
DSI 576 -.815
REI 375 .926

MRP .362 931

PEV 576 -.815

Total 6.177 12.689
% of Variance 32.508 66.783
Cumulative % 99.291 66.783
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Figure 3. Biplot diagram resulting from decomposition into main components for drought

resistance indices
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Figure 4. Dendrogram resulting from cluster analysis with Ward's method for drought sensitivity and

tolerance indicators in the studied genotypes.
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