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Table 1. Name and characteristics of the studieddwheat genotypes in this research

Genotype Origin or pedigree Genotype Origin or pedigree
Chamran Iran Rezhav Iran
Shiroudi Iran Azar2 Iran
Chamran2 Iran Felamingo Iran
Aflak Iran UG520 Iran
Sirvan Iran Line 181 Iran
Baharan Iran Khalil Iran
PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA
Shoush Iran S-91-13 (TAUS)//BCN/3/VEE#7/BOW/4/§ASTOR
Mehregan Iran S-91-15 PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNQO79//2*SERI
Narin Iran S-92-11 SW89.5277/BORL95//SKAUZ/3/PRL/2*PASTOR/4/HEILO
Karim Iran S-92-13 WHEAR//2*PRL/2*PASTOR
Dehdasht Iran S-92-17 Dez/SW891882
Ghabous Iran S-92-19 Dez/SW891882
Kohdasht Iran M-92-20 CHEN/AEGILOPS QUA;ERR%SUA_}(TAUS)//BCN/3/BAV92/4/
Sistan Iran WS-90-18 CROC_1/AE.SQUARROSA (224)//OPATA/3/PASTOR

VWA0-98 5 \TAF-A0 el); Jad g0 b ialejl sly2] ddlaie wlislgn oledbl Y Joax
Table 2. Monthly meteorological data in two croppgggasons of 2015-16 and 2016-17

Month 2015-16 2016-17
Temperature@) Rainfall Relative Temperature@) Rainfall Relative
Min Max Mean (mm)  humidity (%) Min  Max Mean (mm)  humidity (%)
October 174 343 258 0 29 16.7 33.7 25.2 0 31
November 119 254 187 71.3 53 101 284 19.2 0 36
December 50 20.1 126 2.2 47 7.2 203 138 27.5 57
January 43 171 107 86.4 65 51 213 132 7.4 44
February 35 184 110 0 47 6.0 14.7 103 422.9 67
March 8.8 243 166 0 44 7.7 199 138 93.5 59
April 106 250 17.8 47.8 48 13.1 26.3 197 55.2 54
May 179 345 26.2 0 31 183 342 26.3 1.2 33
June 20.8 39.0 29.9 0 19 215 40.7 311 0 21
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Table 3. Combined analysis of variance for gragidjinumber of days to maturity, plant height af@@kernal weight of the bread wheat genotypes unoe-stress and

drought stress conditions
Mean squares
Source of variations df Number of days to maturity Plant height 1000-kernel weight Grain yield
Yp Ys Yp Ys Yp Ys Yp Ys
Year (Y) 1 11200° 11120 386" 1443 603" 2.5 168226836 102423938

Replication / Y 2 14.88 39.36 10.04 126.67 1.69 53.86 3532902 1307055
Genotype (G) 27 17.75 23.27" 90.36% 93.77 22.90% 26.61" 1023710 866540
GxY 27 15.65 19.94° 128.58 182.36" 20.59¢ 52.95 1307196 639493

Error 54 8.26 6.068 53.76 37.57 16.84 12.22 365463 282891

CV (%) 2.08 1.82 7.26 6.19 9.54 9.44 11.90 13.36

ns " and™: Not-significant and significant at 5% and 1% pabMity levels, respectively.

Ob o5 lacaisi o ails jl5m 55 g aigy gLyl ¢ Fag ) U 55, sload ails o Shoe 5 50 uil)ls 45205 -F Jgor
Table 4. Combined variance analysis of grain yieldnber of days to maturity, plant height and 1@8fhal weight in bread wheat genotypes
Mean squares

Source of variations df - - - —
Number of days to maturity Plant height 1000-kernel weight Grain yield
Year (Y) 1 22320° 1661 264" 266590215
Environment (E) 1 686" 350" 2233 67367869
Y xE 1 0.071s 1680 347" 4060559
Replication/ (Y x E) 4 27.3 68.35 27.77 24199790
Genotype (G) 27 33.21° 128.89 40.85" 1433806
GxY 27 29.14" 230.97 53.61" 1312464
GxE 27 7.81" 55.19¢ 8.66' 456444
GxYxE 27 6.48' 79.97 19.93¢ 634225
Error 108 7.166 45.663 14.531 324176.99
CV (%) - 1.96 6.76 9.61 12.57

ns " and™: Not-significant and significant at 5% and 1% pabMity levels, respectively.
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Table 5. Average grain yield and different drougiirance indices in the studied wheat genotypdemucomplete irrigation and drought stress conagio

Genotype Yp Ys TOL SSI MP GMP STI HM %R Yl YSI RDI ATI SSPI  SNPI
Chamran 5610 4159 1451 725 4830 0.904 4777 1198 0.946 0.741 259 1.044 5492800 14.3 8678
Shiroudi 5000 4005 995 497 4475 0.776 4448 0.922 1.022 0.801 19.9 1.006 3490217 9.8 8988
Chamran2 4982 3698 1284 642 4292 0.714 4245 1.194 0.947 0.742 25.8 0929 4320097 126 7723
Aflak 4881 4440 441 220 4655 0.840 4650 0.418 1.160 0.910 9.0 1.115 1608318 4.3 12673
Sirvan 5814 4698 1116 558 5226 1.059 5197 0.889 1.031 0.808 19.2 1.180 4571864 11.0 10653

Baharan 4768 4557 211 106 4662 0.842 4660 0.205 1.219 0.956 4.4 1.144 7717265 2.1 16353
Shoush 5443 3807 1636 818 4552 0.803 4480 1.392 0.892 0.699 30.1 0.956 5838103 16.1 7641
Mehregan 4714 4029 685 342 4358 0.736 4344 0.673 1.090 0.855 145 1.012 2339265 6.7 9922
Narin 5365 3657 1708 854 4429 0.760 4349 1475 0.869 0.682 31.8 0918 5931892 16.8 7235
Karim 4162 3633 529 265 3888 0.586 3879 0589 1.113 0.873 127 0912 1612637 5.2 9319
Dehdasht 4763 4279 485 242 4514 0.790 4508 0.471 1.146 0.898 10.2 1.074 1715488 4.8 11760
Ghabous 5644 3794 1849 925 4627 0.830 4538 1518 0.858 0.672 328 0.953 6709054 18.2 7457
Kohdasht 4958 3896 1062 531 4395 0.749 4363 0992 1.002 0.786 214 0.978 3660137 10.5 8561

Sistan 5307 3810 1497 749 4497 0.784 4436 1.307 0916 0.718 28.2 0.957 5277502 14.7 7770
Rezhav 5302 3719 1583 792 4440 0.764 4372 1383 0.895 0.701 29.9 0.934 5512386 15.6 7476
Azar2 3602 2716 886 443 3128 0379 3097 1.139 0962 0.754 246 0.682 2171690 8.7 5745
Felamingo 4695 3284 1411 706 3927 0598 3865 1.392 0.892 0.699 30.1 0.825 4344953 13.9 6590
uUG520 4227 3310 917 458 3740 0542 3713 1.004 0999 0.783 21.7 0.831 2687549 9.0 7248
Line 181 5518 3956 1562 781 4672 0.846 4608 1.311 0.914 0.717 28.3 0.993 5723051 154 8060
Khalil 5609 4185 1424 712 4845 0910 4794 1.176 0.952 0.746 254 1.051 5409263 14.0 8775

S-91-13 5555 4026 1529 764 4729 0.867 4668 1.275 0.924 0.725 275 1.011 5668150 15.1 8263
S-91-15 5279 4279 1000 500 4753 0.876 4726 0.877 1.034 0.811 18.9 1.075 3726045 9.8 9739
S-92-11 5370 3688 1682 841 4450 0.768 4373 1451 0.876 0.687 31.3 0.926 5869052 16.6 7326
S-92-13 4930 4730 201 100 4829 0.904 4828 0.188 1.224 0.959 4.1 1.188 759040.6 2.0 17449
S-92-17 4964 4411 553 276 4679 0.849 4671 0516 1.134 0.889 11.1 1.108 2027290 5.4 11790
S-92-19 4894 3818 1076 538 4322 0.724 4289 1.018 0.995 0.780 22.0 0.959 3645248 10.6 8328
M-92-20 5518 4781 737 369 5136 1.023 5123 0.619 1.105 0.866 134 1.201 2967934 7.3 12080
WS-90-18 5341 4138 1203 602 4701 0.857 4663 1.043 0.988 0.775 225 1.039 4434779 11.8 8965
The abbreviations are including: Yp, yield unden+stress condition; Ys, yield under drought stmmsdition; TOL, tolerance index; SSI, stress susbiipy index;
MP, mean productivity; GMP, geometric mean produigti STI, stress tolerance index; HM, harmonic meld%, percentage of yield decrease; Y, yield indéSl,
yield stability index; RDI, relative drought indeX[T |, abiotic-stress tolerance index; SSPI, stesceptibility percentage index; SNPI, stress amdsiress production
index.
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Table 6. Selection index of ideal genotype (SI16J distance from ideal {(fland non-ideal genotypes

Code Genotype d- d+ SIG Rank
Gl Chamran 0.301 0.479 0.386 18
G2 Shiroudi 0.347 0.370 0.484 11
G3 Chamran2 0.281 0.458 0.380 19
G4 Aflak 0.530 0.265 0.667 3
G5 Sirvan 0.379 0.368 0.507 9
G6 Baharan 0.628 0.268 0.701 2
G7 Shoush 0.279 0.547 0.337 23
G8 Mehregan 0.429 0.313 0.578 8
G9 Narin 0.276 0.576 0.324 28
G10 Karim 0.461 0.329 0.584 7
G111 Dehdasht 0.506 0.277 0.646 4
G12 Ghabous 0.301 0.611 0.331 25
G13 Kohdasht 0.327 0.392 0.455 12
G14 Sistan 0.275 0.508 0.351 22
G15 Rezhav 0.271 0.537 0.335 24
G16 Azar2 0.331 0.464 0.416 16
G17 Felamingo 0.254 0.521 0.328 26
G18 UG520 0.334 0.409 0.449 13
G19 Line 181 0.285 0.519 0.355 21
G20 Khalil 0.304 0.470 0.393 17
G21 S-91-13 0.290 0.506 0.364 20
G22 S-91-15 0.364 0.355 0.507 10
G23 S-92-11 0.275 0.567 0.327 27
G24 S-92-13 0.644 0.265 0.709 1
G25 S-92-17 0.491 0.274 0.642 5
G26 S-92-19 0.319 0.400 0.444 14
G27 M-92-20 0.464 0.281 0.623 6
G28 WS-90-18 0.319 0.412 0.437 15
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Figure 1. Three dimensional diagram for selectibdrought tolerant genotypes by using yield undmr-stress
condition (Yp), yield under drought stress (Ys) aetection index of ideal genotype (SIIG)
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Figure 2. Biplot diagram of principal component lgsis for grouping drought tolerance indices areld/under
stress (¥) and non-stress @Y conditions based on the first and second prih@pmponents
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Table 7 Average of number of days to maturity, plant heighd 1000-kernal weight under drought stress and

non-stress (hormal) conditions in two cropping eag@015-17)

Genotype Number of days to maturity Plant height (cm) 1000-grain weight (g)

Normal Stress Normal Stress Normal Sstress
Chamran 137 134 93 96 41 36
Shiroudi 137 133 97 98 44 38
Chamran2 137 133 100 103 39 39
Aflak 137 136 100 98 43 36
Sirvan 137 135 104 99 45 39
Baharan 137 134 102 102 42 36
Shoush 140 136 96 100 40 31
Mehregan 137 134 104 100 41 38
Narin 141 137 104 110 45 36
Karim 135 132 102 96 45 39
Dehdasht 136 135 99 96 49 42
Ghabous 137 131 105 104 45 37
Kohdasht 136 133 102 99 45 37
Sistan 140 134 102 100 38 36
Rezhav 140 135 103 100 42 34
Azar2 141 135 104 105 43 35
Felamingo 144 144 97 88 38 30
UG520 137 132 102 95 42 35
Line 181 138 133 110 94 42 33
Khalil 141 138 101 105 44 36
S-91-13 139 135 108 101 43 37
S-91-15 139 135 106 99 42 38
S-92-11 142 134 98 102 45 39
S-92-13 139 137 96 94 40 36
S-92-17 138 137 104 94 45 38
S-92-19 136 133 89 88 42 38
M-92-20 138 137 101 102 45 40
WS-90-18 136 136 109 99 45 35
Average 138 135 101 99 43 37
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Abstract

To determine drought tolerance of bread wheat gg@est nineteen commercial varieties along with
nine promising lines were studied in research fieldDarab Agricultural and Natural Resources
Research Center, Fars province, Iran, for two drappeasons (2015 —2017). The experiments were
conducted in a randomized complete block desigrB®CGwith two replications under water stress at
flowering stage and non-stress (normal irrigat@or)ditions. Thirteen selection indices includibgss
susceptibility index (SSI), stress tolerance in¢(®Xl), tolerance index (TOL), yield index (Y1), it
stability index (YSI), mean productivity (MP), geetric mean productivity (GMP), abiotic-stress
tolerance index (AT]I), stress susceptibility petege index (SSPI),stress non-stress productiorxinde
(SNPI), relative drought index (RDI), harmonic méBiM) and percentage of yield decrease (R%) were
evaluated based on grain yield under drought-stckard irrigated conditions. Also, selection indéx
ideal genotype (SIIG) based on all tolerance irgligas defined and calculated. The results of graupi
these indices based on the principal componenysisgdPCA) classified them into three groups ard th
second group indices (HM, GMP and STI) showed igbdst positive correlation with grain yield in
both non-stress and drought stress conditions. Basethe results of SIIG index, the S-92-13 and
Baharan genotypes with the highest SIIG (0.7090ard1, respectively) were the most ideal genotypes
and Narin with the lowest SIIG (0.324) was the mmstceptible genotype to drought stress. Three
dimensional diagram of principal component analgsiswed that the genotypes G5 (Sirvan), G22
(S-91-15) and G27 (M-92-20) with the higher graiel¢ than total average and high SIIG were most
tolerant genotypes to drought stress. The restittioresearch showed that SIIG index could b&use
as a suitable method for identifying drought taltrgenotypes with the help of other drought toleean
indices.

Keywor ds: Selection index of ideal genotype (SIIG), Threeelisional diagram, Principal component
analysis
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