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Extended Abstract:

Background: Drought is one of the most important global threats to food production. Addition-
ally, climate change and the increase in the global population widen the dimensions of this prob-
lem. To solve this problem, an alternative is to create new cultivars with greater tolerance to
drought stress. Wheat has been one of the major sources of human food worldwide and is used in
various food products and processing industries. Wheat, rice, and corn provide more than 60% of
the calories and protein needed for human nutrition. In areas such as Iran, where most of the rain
occurs in winter and early spring, wheat will face water shortage and drought stress at the end of
the growing season. In crops, the use of high-yielding and drought-tolerant cultivars is an effective
method that can minimize the effect of this phenomenon in combination with other methods of
water deficit management. Despite the numerous scientific sources published in this field, there
are still many gaps in these studies, hence studying the effects of drought stress is always a re-
search priority. As one of the irrigated wheat production areas, Illam province suffers from a lack
of cultivars that are resistant or tolerant to deficit irrigation conditions. Therefore, this study fo-
cuses on the response of different wheat genotypes in deficit irrigation conditions in low-input
production systems as a crucial research topic.

Methods: To evaluate some bread wheat genotypes under normal and drought stress conditions,
36 wheat genotypes were evaluated in a randomized complete block design with three replicates
in Darehshahr City located in Ilam province in the crop year of 2019-2019. The examined traits
were spike length, spike number per plant, spike length, peduncle length, sub-peduncle axis, flag
leaf length, flag leaf width, the number of stem nodes, plant height, the number of spikes per
plant, the number of seeds per spike, the number of seeds per plant, the number of tillers, hundred
seed weight, single-plant seed weight, and seed yield. Drought tolerance indices such as average
productivity tolerance index, harmonic mean, geometric mean productivity (GMP), stress sensi-
tivity index, stress tolerance index, yield stability index (YSI), Relative Stability Index (RSI), and
Performance Index (Y1) were calculated based on yields under stress (Yp) and normal (Ys) con-
ditions. The means were compared using Duncan's test with R software. The simple correlation
(Pearson), componential analysis, and factor analysis were also performed between the tested
traits. SAS 9.1 statistical software was used for the statistical analysis of traits.

Results: The results of the analysis of variance (ANOVA) in drought and normal stress conditions
showed significant differences between the genotypes in all traits at the probability level of 1%.
The most important significant correlation coefficients for seed yield were obtained for the
single-plant seed weight and the number of seeds per plant in both conditions. Considering the
high and significant correlation of grain yield under stress and normal conditions with drought
tolerance indices, higher productivity indices, GMP, geometric mean, and stress tolerance index
were chosen as the best indicators. To evaluate stress tolerance, the selection of genotypes should
be based on several indicators. Factor analysis of the drought stress condition indicated that the
two first factors explained 97.57% of the variance. The first and second factors were called yield

stability and stability factors, respectively. The biplot diagram showed that the 13 and 47 geno-
types were placed in the vicinity of the ranges related to drought resistance indices (STI, MP,

GMP, and HM) and were introduced as superior genotypes.

Conclusion: According to the data obtained from the ANOVA in both normal and drought stress
conditions, the genotypes were significant in terms of all traits. The significance of the studied
traits indicates the existence of diversity between genotypes in terms of the studied traits, some
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of which can be used to evaluate stress tolerance. The best averages for peduncle length, the
number of seeds per plant, and single-plant seed weight and seed yield were measured for the best
genotypes, namely 33, 5, and 1, respectively. The heat map shows the relationship between
drought tolerance based on different yields and drought stress tolerance indices. Considering the
high and significant correlations of grain yield with drought tolerance indices under stress and
normal conditions, average productivity indices, GMP, geometric mean, and the stress tolerance
index were selected as the best indices with the ability to screen tolerant genotypes from the other
genotypes. The yield index (Y1) had the highest correlation coefficient with grain yield under
stress conditions. Based on biplot results, genotypes 13 and 47 were the most tolerant genotypes
under drought stress conditions compared to the other genotypes and were introduced as superior
genotypes.
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Table 1. Characteristics of studied wheat genotypes

olad iy pb Lo L ojlos g pb Lz
(Num) (Genotype) (Origin) (Origin) (Num) (Genotype) (Origin)
1 Behrang llam - - 22 18287 Triticum
2 Dehdasht " - - 23 18930 Italy Triticum Durum
3 Saverz " - - 24 19821 Turkey Triticum sp
4 Shabrang " - - 25 20295 Turkey Triticum Sp
5 Zahab " - - 26 20962 Mexico Triticum Sp
6 10077 Cyprus Triticum Durum 27 2195 Turkey Triticum Durum
7 10519 " Triticum Durum 28 2230 Greece Triticum Durum
8 10592 " Triticum Durum 29 2280 Triticum Durum
9 10615 " Triticum Durum 30 23096 Armenia Triticum sp
10 10738 - Triticum 31 23415 Triticum
11 10779 Rusia Triticum Durum 32 24194 Nepal Triticum Sp
12 11020 - Triticum 33 24259 Mexico Triticum Durum
13 13504 ——-- Triticum 34 24383 Mexico Triticum sp
14 14231 - Triticum 35 25760 Triticum sp
15 14246 Italy Triticum Durum 36 29996 Greece Triticum Durum
16 15316 Italy Triticum Durum 37 6912 Triticum araraticum
17 15867 Ethiopia Triticum  Athiopicum 38 7086 Turkey Triticum Durum
18 16054 Iraq Triticum Durum 39 7487 USA Triticum sp
19 16625 Israel Triticum Hybr 40 751 Turkey Triticum Durum
20 17175 Kaza Triticum Durum 41 7967 Triticum
21 17563 - Triticum
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Table 2. Meteorological statistics of the experimental field during 2020- 2021

192585 AW » shys Cudgd,l Cpd98 RV Oyl ) Nl obl e
(Sep) (Aug)  (Qul)  (Jun) (May) (Apr) (Mar) (Feb) (Jan) (Dec) (Nov) (Oct)
(o 0) Lod Aty
8.42 7.44 8.45 7.41 9.36 3.28 6.20 9.18 7.17 18.18 3.27 36 Maximum Tempera-
ture (C°)
(CO) Lod aipe’
8.22 2.26 3.26 2.23 6.17 9.9 0.6 2.4 9.1 84.7 7.10 6.16 Minimum
Temperature (C°)
(M) &lble o)l gnne
0.0 0.0 0.0 1.0 0.0 0.0 11 8.5 9.1 9.5 2.2 0.0 Total Mor;thly
rainfall(mm)
*Source: Dereshahr Meteorological Department o> oyl (polilon o)l giat
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Table 3. Physical and chemical characteristics of the soil of the experimental field in 2020- 2021

(dS/m)EC pH (%) (N) 5950 (M/kg) (P) s (Mg/kg) (K) pawlsy (Soil Texture) S c.él,
1.29 7.51 0.1 8.5 550 (Loam) s
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Table 4. Analysis of variance for the traits in the wheat genotypes under normal conditions

Jloyi baulpd 53 adllas 3)90 pAS slacygif Sl (uib)ly 4525 =¥ Jga>

Mean Squares Ol o (1:Kke

GY SPGW 100SW

NT

NGS NSPP PH NSN FLW

FLL

SPA

PL

AL

NSP

Ol mlie
Source of Var-
iation

SL df

0.08** 87.09** 0.09**

12.11%* 118.5** 7.92%*

0.82 340 0.17

2.64**

3.07**

0.94

635.5**

15.33**

5929** 1636.2** 0.61** 0.72%*

2414** 2519** 1.39*%* 0 .29**

33 272 52 0.26 0.05

21 61**

48 .66**

6 .66

238.46**

114 7**

2 .80

207.98**

228.24**

4.45

88.02**

14.98**

2.46

4.75%*

1.98**

0.45

2 Sk
Block
SE95

Genotype
bl gllas
Error

15.95**

32.63** 40

0.74 80

4.39 17.60 10 .38

15.90

9.54 13 .93 6.75 1255 13 .80

11.96

7 44

1234

17.07

12.80

Oy oy
755 Cofficient of
Variatio

St ot vt St Job ISy 15 yeoee SOy Jgb ey Jsb el Jsb om0 3LE5 wi iy GY 9 SPGW 100 GW NT NSP NGS NSPP PH NSN FLW FLL SPA PL AL NSP SL .13l _» sy Sy Jlais] o 53 o jins 55
bl o by 3,Slos g wgr ST Al 59 Al Mo 59 cdomiy dla gy pd il Dl el )d Aild dlaad gy 40 dodlin dlas Wigy LSl Bl 0,5 Dlaxi o2y

** Significant at 0.01probability respectively. SL, NSP, AL, PL, SPA, FLL, FLW, NSN, PH, NSPP, NGS, NSP, NT, 100 GW, SPGW and GY indicate the Spike Length, Number of Spike per plant, Awn Length, Peduncle Length, Sub-
peduncle Axis, Flag Leaf Length, Flag Leaf Width, Number Steam of Nodes, Plant Height, Number of Spikelets per Plant, Number of Grains per Plant, Number of Tillers,100- Grain Weight and Grain Yield, respectively.

Table 5. Analysis of variance for the traits in the wheat genotypes under drought stress conditions

St 5 bl > adllae 350 pa35 (sl gy Slio il ly 4325 D Sy

Mean of Squares Clxype :Ske

GY SPGW  100SW NT NGS  NSPP PH NSN FLW FLL SPA PL AL NSP sL df Oy glie
Source of Variation
0.14%* 69** '4i** 85287+ 2528%%  BA2g*  Bagex  135%%  247.30%%  048%*  1252%% 22238  §25%% 5733  1311%* 2 Bf 91;(
[o]ed
6.80%* 6920%*  611%*  §3206%* 8675%%  1612%%  11245%%  B58T  724%%  BOTTRX  249%%  240%%  4BI0%% 5 90%*  4g** 40 6%55
enotype
031 1.80 0.12 850 228 184 10 0.5 4 403 2 2 1.07 0.80 090 80 wté’r)r‘of s
266 18 36 1128 1128 1387 1147 1071 1632 1097 8.65 9.67 1167 1530 9.36 1245 C““”“f/g;ﬂ;’;ﬁf“ b

Sy ors 2y Sy Job (ISl )y (ISl Job oSy Jobo el Jobo onimdylis i iy GY 9 SPGW (100 GW NT NSP NGS NSPP PH NSN FLW FLL SPA PL AL NSP SL il oo dopd S Jloin] gdaw )d Iy gixo s
bl oo b 0ySlas g wg ST by i il do (y5g cdomiy Sliad gy ) Al e cdliias jd &l Dl Wiy 53 Aol Ma Wiy gl Bl 0,5 Dlas v
** Significant at 0.01probability respectively. SL, NSP, AL, PL, SPA, FLL, FLW, NSN, PH, NSPP, NGS, NSP, NT, 100 GW, SPGW and GY indicate the Spike Length, Number of Spike per plant, Awn Length, Peduncle Length, Sub-
peduncle Axis, Flag Leaf Length, Flag Leaf Width, Number Steam of Nodes, Plant Height, Number of Spikelets per Plant, Number of Grains per Plant, Number of Tillers,100- Grain Weight and Grain Yield, respectively.
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Table 6. Means comparisons for the wheat genotypes under normal conditions Joi el 2 5 osesl e e T O & Js

CY SPGW TOOSW NT NSP NGS NSPP PH NSN FLW FLL SPA PL AL NSP ST Code
48 cd.1 47d 12 11b5 600.6 20jh.289 66 de.62 401117 46 ig.91 06i.4 86 ef 1 20 ig.18 06 919 06k.14 63 mn5 26 cde5 66bc.14 G1
561 73ded1 89cd.4 06ef.6 4Ihi 271 40 de.64 42 d.128 06 k.85 264 90cd.1 33f21 53ig.19 76ig.15 9611 80 bes 2910 G2
42cdd 81d.12 08bc5 80d.6 861jh.25 73 de.65 53 f.117 86 ig.90 13h4 83 efl 20 ef.22 06 jh.21 93ig.15 16k1.7 53 de5 15ab G3
85b.1 22b.15 13de 4 93fg5 73 jh.286 66 .80 40 b.142 20ig.93 661.3 66j.1 19hi 60 ig.19 83jh.16 73 gk8 53 de5 06hi.9 G4
2511 60cd.14 09bc5 46de.6 53 hi.233 46 de.60 53¢.135 13 k.85 73k3 86 ef.1 10 h.20 50 Im.17 709.15 13fj.12 80 bes 66 h.9 G5
38d.1 37b.15 13de 4 2412 941¢d.35 76 ¢d.70 10£.116 46197 9793 94cl 42 jh.21 13jh.21 72kl.13 24 k7 66 cd.5 06 ef.12 G6
0.34p 1766 23i3 06ef.6 871194 4628 58i.98 18 ¢d.126 85b.4 90 cd.1 36 cd.24 46 ab.29 28jhi.16 54ig9 6274 34c14 G7
30 ded 29bc.15 78ef3 10ef 6 66b.445 02 de.66 10i.96 54164 57d4 84efl 90 fj.21 811ma7 90 gk.14 40fj.12 10b6 88h9 G8
78k1.0 7916 08h.3 84cd.6 54hi.274 50 de.65 50fj.112 46197 37n3 14ab2 726f.22 931m.17 52 hi.16 14K1.7 06 ef 5 46h9 G9
0.450 79ef 8 65fj.3 26e.6 380.158 26i.34 18158 18 ¢.132 651.3 20a2 56 2.27 45bc.28 68 b.27 34c.16 6214 04 jh .10 G10
79K1.0 90cd.13 54cd.4 44ah 8 74£.302 90h.38 30§.101 06 bc.143 77c4 84ef.1 42 hi19 83i.20 92b.26 940 66 cd.5 66f.11 Gl1
02a2 08a.21 24cd 4 309.4 06a.614 82a.101 30 a.167 94 h.100 3714 54i.1 20 be.25 51 cd.27 30 n0.9 17bc 30 cde5 58 1.6 G12
80 be.d 69c.14 17de4 64j.5 54cd.367 10 b.99 500.129 26j.110 77c4 94cl 02 jh.21 03919 72jhi.16 14K1.7 66 d5 66 .12 G13
06i.1 32¢f.10 67cd.4 309.4 66h.242 42 ef54 70f.117 541112 97 a4 4491 70 de.23 01c28 70fj.17 60a.19 904 38j.10 Gl4
7410 69ef.7 94ef 3 24e.6 14hi.230 70efj 51 10 ef.123 26 b.149 3714 74 ef.1 72 bc.25 53 ab.29 22230 94 de.14 66fj.4 26j.10 G15
11r.0 57m.1 98n.0 860.6 760.93 061.25 58).103 78 .88k 254 10ab.2 86 ef.22 35).22 98 n9 0417 82 abc5 24 ef.12 G16
81k.0 88fj.6 62fj.3 64a.8 14 h.231 10 ef 57 70ef.123 06 bc.141 1703 74 ef1 82 cde.23 23b.29 02 ef.19 04b.18 06 ¢f5 36 ef.12 G17
929.0 85ig.4 51fj.3 44jh5 74 jh.260 30 cd.73 90j.108 06 k.84 9793 64j1 22 de 23 13 m.15 72117 90 ef.12 66 fj.4 64i8 G18
81k.0 3366 63ef.3 865 78 k201 46 ef 58 98fj.113 98 c.132 65d.4 60 h.1 36 h.20 15 ef.25 28fjh.17 04m6 02¢f5 24ig8 G19
64mn.0 85ef.8 39%j3 46jh 5 189.225 86 jh.46 780.125 38e.115 85k3 40k 761.18 06 €.26 78b.26 84 ef.12 22e5 44612 G20
86gk.0 31bc.15 90fj.3 06bc.7 98 cf.340 36 ¢d.73 68 9.83 13 gk.89 05h.4 73 efl 04 h.20 05i.20 58 hi.16 69 no.4 92jh3 99 cd.13 G21
64m0 66 1j.6 3713 84 bc.7 94.213 30 jh45 50 ef.123 46 be.145 77c4 84 efl 32 cd.24 63 cd.27 22 de21 24 h11 46 cde5 36d.13 G22
21f1 74 ded1 02¢5 10 ef.6 54 1).290 40 de.66 30¢.135 56 cd.128 77k3 04b2 97 c24 78 fjh.23 7720 24h11 7614 31fj.11 G23
2211 79 cd.13 57 j.3 10i5 26 ¢.361 82c81 70j.106 54 jh.104 57d4 5401 70 k17 01919 50 bc.26 30n5 7014 88f.11 G24
31po 81i4 0412 46 be.7 98 0p.151 06 k.32 18 fj.114 58 jh.103 65p.2 70 fj.1 06 ab.27 55 fj.24 181m.13 34 k7 02b6 34a.15 G25
32p0 28ig4 34 k2 04 ef6 341.169 309.39 5§i.102 86 bc.140 77c4 64].1 72b.26 33 de.26 52113 34ig9 66 cd.4 56 bc.14 G26
21f1 41ded1 91 cd4 10k4 06 h.240 82 de.65 10 £.115 74 de.120 9793 64j.1 20 fjh.21 01f.25 40¢25 14 ¢d.15 30 fjh.4 68i.8 G27
60m.0 0817 72¢f3 % d6 06 k1197 4249 30 k.70 jh 101.14 57d4 3411 80i.18 81118 20 cd.24 90Im6 70h3 688 G28
40da 88 c.14 30a5 4628 58 hi.271 26 de.63 18 b.141 38¢.135 25j4 2be 36ef.22 55 a.30 58 ¢.25 94 de.14 42 de5 34j.10 G29
20j1 16 cd.13 05e4 86 d.6 98 k.208 06 de.66 58 fj.112 98 de.123 45e4 60 h.1 96hi.18 95 cd.27 38118 54 k.7 82 abc5 4410 G30
180 8212 08'm.1 66 €.6 38 be.141 66 i.38 78981 78k1.82 4504 60 h.1 561.15 05 k.19 08 0p.9 74mn5 62 bed5 94b.14 G31
33p0 99k3 11kl2 44ab8 14 m.180 10 jh43 10j.105 66 a.153 9793 4491 12122 431j.24 12 ef.20 94 p0 86 f.4 86 e.12 G32
49 cd.1 29.¢d.13 88 cde.d 86 a8 58 jh.250 26 de.63 18 de.125 78 jh.108 85k3 2be 16 ig.18 85 jh.21 48230 44i.10 22ab6 24ig8 G33
14h1 89 ef.10 11 ded 26jh5 58 h.243 46 f 57 98fj.115 58 h.100 6513 7011 76 fj.21 75jh.21 98 p5 0q 22ab6 24ig8 G34
78 k1.0 97h5 15ig.3 06 be.7 58 §.222 26 j.49 18 ¢.133 18 cd.126 05i4 20n1 96 g.17 25 de.26 58 de.21 0q 4226 34e12 G35
2411 90 b.15 75 ef.3 46 de.6 58 f.310 06 cd.74 18 fj.112 18jh.108 45e 4 60 h.1 16 bc.26 35 de.26 38 de.21 14 ¢d.15 82 abc5 14 hig G36
7310 3318 7113 70j5 26 gk.210 02efj.51 90 a.168 14¢.130 57m3 84 de.l 90 bc.25 81a.30 3q 80 k.7 50 fj.4 68 bc.14 G37
58 mn.0 036 65fj.3 10i5 461.190 82hi.37 30§.110 941113 57ma3 54i1 60 h.20 71bc.28 1006 90ef.12 10ef5 38.10 G38
4700 811j6 47k2 24be.7 14 gk 212 30 ef 54 50 ¢.107 66 jh.106 3714 60 h.1 92¢f.22 43jh21 12 gk.15 14K1.7 66 fj.4 86 f.11 G39
68 MO0 86 g4 65 gk2 30h5 46k1.192 62 de.61 301j.113 54i.97 57m3 04b2 30 de.23 61ig.19 60 p5 80Im.6 7014 78e12 G40
54n.0 93hi 5 7992 10 k4 26k1.195 42 efj51 90j.106 54i.98 3714 24m.1 70k17 31ig.19 90 m.11 0q 30 fjh4 38 k7 G4l

> Dl gy 5> ol s gy gl )] Bl 0,5 DA (u2yp S (255 w2 S Job (UL 5 yeoee (SOl Jsb oSl sk gy 50 aliiis dlaw calin Jobo oind i (s iy GY 9 SPGW (100 GW NT ~NSP NGS NSPP PH NSN FLW FLL SPA PL AL NSP SL

il e b 5 Slas g ag ST A 59 il Mo )59 oy Sl gy ) Al Sl el )
SL, NSP, AL, PL, SPA, FLL, FLW, NSN, PH, NSPP, NGS, NSP, NT, 100 GW, SPGW and GY indicate the Spike Length, Number of Spike per plant, Awn Length, Peduncle Length, Sub- peduncle Axis, Flag Leaf Length, Flag Leaf Width, Number Steam of Nodes, Plant
Height, Number of Spikelets per Plant, Number of Grains per Plant, Number of Tillers,100- Grain Weight and Grain Yield, respectively.
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Table 7. Means comparisons for the wheat genotypes under drought stress conditions

GY SPGW T00GW NT NSP NGS NSPP PH NSN FLW FLL SPA PL AL NSP SC Code
123a 1052 cd 417ab 653d  28920b  5906de  11053h 95.53i 6.60 f 1.73d 2356ig  2003ff  1616de  6.26n0 9.93a 137¢ Gl
110b 8.16 fj 402b 6.06ef  2714c 58.73e  131.20hc 94.46 i 6.06 h 1.93cd 26.10ef 19.96ff  1893cd 13 .13] 5.6 ef 10961 G2
112b 8.75¢ 420a 613e  251.86d 58.66¢ 112.80j 101.13jh 5801 1.86d 2550 f 19.93ff  1823cd 18 23b 513h 132de G3
121a 9.77 de 421a 6ef 286.73b  69.33b 109.46i 10166jh 593 hi 186d  2363hig  2043f 19¢ 10 8ig 520 9.6 gk G4
093¢ 11.09¢ 415ab 686c  32353a 61d 12606cd  10373jh  6.46f] 190cd  2253gk  21.03e 205 be 13jh 5.66 ef 1053 ig G5
1.10b 8.48 ef 374 cd 712b  1094r 6834 hc 9653 g 109 4¢j 224n 1.73d 23189  2262de  11.18jh 940Kl 5.06 hi 1288¢ G6
0.55 hi 5.07n 286 jh 616e  12620n 3158 12377d  12620e 6.06 h 229b 2470gh 2474 cd 8.82 12 24h 572 1258 ef G7
085d 10.17 cd 340e 752ab 138601  64.06cd 82.89I 13860d  6.10jh 197¢cd  2470gh 17.28i 1320ef 994k 6.22 cd 10029 G8
0.65] 462 op 269 jh 732b  12940m 5074 11573 f 12940e  6.84ef 183 de 2398hi  1882h 1298 9 .10l 5.66 ef 11.18hi G9
059h 557 mn 3.04f 576ff  12540n 3498kl  12597cd  12540e 6.26] 209¢ 30.12ab  27.08b 11.62) 17 94bc 532 848kl G10
080 de 1213b 3.63d 592 f 124n 42949k  140.13ab  124.00e 844 b 133¢g 22589k  2292d  22.48hc 2.70r 6.06d 13.48 cd G11
081 de 1795a 357d 532j  1208m  6866bc  13069bc  12980e  4.30gk 207¢ 28cd 2648bc  1610de 13 64 5.22fj 7.02n G12
115ab 779k 343de  692bc  11260q  89.14a 10933 11260f  564ig 173d 22.98 gk 19.62j 12.18fj 9 .40kl 446gk  1348cd G13
070 f 6.901 374 cd 532j  12060np  57.66ef  14549a  12060e 4301 147h 2450 h 2798a  1310ef  15.74f) 542 f 11.22h G14
083 cd 6.93I 3.85 cd 592f 14080k  4994jh  13513b  140.80¢ 6.26] 143i 2730de  26.72b 12.58fj 15 .90 f 5.06hi 9989 G15
0.05n 0.74 v 0500 616e 9160t 3958k 69.77m 91.60 i 6.86 ef 219bc  3022ab  2178de  3.92m 7.64m 6.12 cd 12.08j G16
078¢e 6.561 328 ef 7.12b 186ef 39.94 k 1359b 186.00a  864ab 123k 23.88hi 26.82b 1468e  22.10a 7.06b 1348 cd G17
0.50i 316t 290] 592f 8380w  57.74ef 80.33 1 8380k 544 1.63fj 26.78 ¢ 17.42i 968 17 40¢ 3 46l 9.08 k G18
022kl 219t 1441 476hi 99605 2678 m 109.17i 99.60hi 5.86 hi 169¢ 2192kl 23.08dc 8.02 k 6.54n 4.92hi 838kl G19
039gk  486n0 2.95fj 636de  87.60u 3318kl 12497cd  87.60g 546 ¢ 209¢ 2742de  24.28d 1402e 15.34 fj 392kl 1138 jh G20
114ab 9.78 de 3.27ef 4461 123600 5658 ef 8857 12360e  7.06de 229b 2002b  2338dc  13.32ef 5640 652 ¢ 13.48 cd G21

) Bl 0,5 2awi v S 12)e aap Sy Jsb (S i yeoe (JSly Job «Satyy Jgb gy 53 alita daw calitar Jsbo osimd )l iy GY 9 SPGW (100 GW NT NSP NGS NSPP PH NSN FLW FLL SPA PL AL NSP SL
bl oo il 3ySlas g g ST Al i il duo 55 cdomiy Sliad gy )3 b dlaw cdliiis ;0 &l Bl Wigy 4> ol dlisd Aig

SL, NSP, AL, PL, SPA, FLL, FLW, NSN, PH, NSPP, NGS, NSP, NT, 100 GW, SPGW and GY indicate the Spike Len?th, Number _of\%)i_ke percf)lantl Awn Length, Peduncle Length, Sub- peduncle Axis, Flag Leaf Length, Flag Leaf
Width, Number Steam of Nodes, Plant Height, Number of Spikelets per Plant, Number of Grains per Plant, Number of Tillers,100- Grain Weight and Grain Yield, respectively
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Continued Table 7.

=Y Jgd ol

GY SPGW T00SW NT NSP NGS NSPP PH NSN FLW FLL SPA PL AL NSP SC Code
0.67fj 4.80 no 2.93fj 652d 14329  4494g  1255lcd  14320c  784c 173d 2658ef  2752ab  958ig 11701 6.06d  1548ab G22
111b 9.84d 405b 682c  15064i  666lc  1255lcd  150.64b  6.10jh 173d 2614ef  2447d  1319ef  1226h 5.21] 1372¢ G23
085 d 521 mn 310 ef 512jh 12040  2786m  12429cd  12040e 510Kl 147h 24.70jh 19.18j 23.70b 324 582e  1332cd G24
0201 306s 132m 596f 136401  14.78n 97.77g  13640d  746cd 169e  2362hig  2458d  1062h  787m  692hc 998 ¢ G25
032k 3101 269 jh 592f  8900u 3754kl 13113bc  89.00ig  6.04h 143l 2508f  2292d  348mn  1060g 366kl 14.98b G26
031k 423p 260 jh 512jh  98.80st  51.26ff  13389bc  9880hi  4.10m 147h 2240k 2238de  2310b  13.34] 402k 872kl G27
046 ig 5.25 mn 2.58 jhi 4129  8640v  5586ef  13669b  13469d  696e 167 f 21.201 1948)  1860cd  344q 482 12.32 G28
098¢ 9.8 de 349 de 596f  16280f 3998k  11917de  119.17ef  846ab 2492 2942b  2638bc  1462e  1634d  692hc 8.18l G29
0.72 ef 7.39K 2911 676cd  10080rs  48.18h  11797e  11797ef  6.86ef 219bc  2802cd  2748ab  832g  874Im 5.32fj 9.08 k G30
0.15m 158u 072n 696c  11880p 29.18Im 8977k  89.77hi 6.66 f 199cd  2332hig  1998fi  452Im  5l14op  592de  13.18d G31
0.65 fj 562m 237jh 732b  15520h  50.14j 14513a  14513c  844b 143l 2538f  2172de  958i 270t 6.66 15582 G32
108 be 8.77e 391 be 756a  12520n 46381 11297j  11297f  886a 219b 27.72d 243d 2692a  1054gk  612cd  7.28m G33
0.75 ef 523 mn 264 jh 616e  11220q 4118k 8797k  8797ig 526k 1.99 cd 2322ig  2308cd 742Kl 0s 4529 9.38 gk G34
0409 421p 187¢g 676cd  12880n 3228kl 113577 11357f  7.06d 169e  2342hig  2338dc  822¢k 0s 612cd  1028ig G35
0.89 cd 9.8de 313 ef 516jh  157.60j  4958jh  12157de  12157ef  6.46fj 209¢ 3172a  2788ab  1642d  1724cd  592de  7.68Im G36
040g 4760 288jh 512jh 20680 43269  14009ab  14009c  5.70ig 197 cd 2870c 1448k 1800 474p 6.02d  1462hbc G37
045 ig 6m 268jh 552ff  161.60f  59.66de  13609b  136.09d 5.1kl 177d 2670e  25.18¢ 7.30kl 934kl 462ig  1022ig G38
074 ef 8.09j 290 592f 137401  5334eff  10233]  10233jh  7.24d 143i 21.381 2082ef  1038hi 970k 566ef  12.28f] G39
0.53hi 408q 2331 492h  9754st  6186d  12549cd  14620c  530gk 197 cd 2110l 15.78¢g 280n  444pq 6.02d 12.02) G40
0.24kI 326 15k 472hi  9854st  5546ef  127.29¢ 108.6j 410m 157] 2430h  2098ef 4901 0s 4.82i 7.12'mn G41

135,] caBlus 0,5 dlas ¢ Sy oy ¢ S JSShy JSSlay Sy o dlitw Dl sxiad ylis iy GY 9 SPGW (100 GW NT (NSP NGS NSPP PH NSN FLW FLL SPA PL AL NSP SL
&) S PTR ORI TR O R BIPl e d %) %) . QL 9
Sl e aily 3)Slos g dg ST Ay (55 ld Mo (155 edomy dlaad gy 4D Al Dl el 5> Al Sl Wiy 3 dxdiin S g

SL, NSP, AL, PL, SPA, FLL, FLW, NSN, PH, NSPP, NGS, NSP, NT, 100 GW, SPGW and GY indicate the Spike Length, Number of Spike per plant, Awn Length, Peduncle Length, Sub- peduncle Axis, Flag Leaf Length, Flag Leaf
100- Grain Weight and Grain Yield, respectively
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Table 8. Simple correlation coefficients between the studied traits of the wheat genotypes under drought stress

conditions
SPGW é(\),?, NSP NGS NSPP PH NSN FLW FLL  SPA PL AL NSP SL NT Cod
1 NT
1 010 SL
1 005  052**  NSP
1 005  -034* 005 AL
1 027 -016 -032* 001 PL
1 016  043**  -009 005 -018* SPA
1 0.55 -009  047**  -009 008 -010  FLL

1 0.30 -010 -0.18* 021 021 0.18 0.12 FLW
1 -012  -007 0.09 0.18 -0.02 0.08 0.04 -020*  NSN
1 018 -016 038 081** 037* 0.14 -0.22* 04 -0.21* PH

Jobo s ) aliw sl i Job oimaylis iy GY 9 SPGW 100 GW NNT NSP NGS NSPP PH .NSN FLW FLL SPA PL AL NSP SL
i Wy 50wl dliwd b > &l Dlas gy 3 dorliias daw gy gl Bl 0,5 Slawl (p2y S 5y w2 S Jsb Sy 15 Heme (SOl Job (Sl

il e ails 3)Slos g ag ST Al 59 ils Mo 59 cdzey
SL, NSP, AL, PL, SPA, FLL, FLW, NSN, PH, NSPP, NGS, NSP, NT, 100 GW, SPGW and GY indicate the Spike Length, Number of Spike perEIant,

Awn Length, Peduncle Length, Sub- peduncle Axis, Flag Leaf Length, Flag Leaf Width, Number Steam of Nodes, Plant Height, Number of Spikelets
per Plant, Number of Grains per Plant, Number of Tillers,100- Grain Weight and Grain Yield, respectively
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Table 9. Simple Pearson correlation coefficient of drought stress tolerance indices and grain yield under normal
irrigation and drought stress conditions for the wheat genotypes

RS Ysl YI STI ssI HM GMP MP TOL Ys Yp

1 Yp

1 0.76 Ys
1 0.11 073 ToL

1 051 091 0.96 MP
1 1 0.46 0.93 0.94 GMP

1 1 0.99 041 0.95 0.92 HM

1 0.10 013 0.17 0.82 -0.20 040 ssl

1 0.17 097 0.98 097 0.49 0.89 0.93 STI

1 0.89 -0.20 095 093 091 011 1 0.76 vI

1 0.20 -0.17 -1 -0.10 -0.13 -0.17 -0.82 0.20 -0.40 vsl

1 1 0.20 -0.17 -1 -0.10 -0.13 -0.17 -0.82 0.20 -0.40 RSI

5Ske :CGMP «Sigoyla S5k HHM (550 0 (1l tMP ¢ Jooss (jadlis TTOL o Suid 55 bazo jd &ily 5)Slas 1Y'S (il e bamo p3 il 3,Slas :YD)

(e gyluly (a3l RS g 0 ySlas (g)lul sl VST o Slas (adli (Y1 (a5 4 Jooo adls ST ¢ i &y Camolus (s :SSI ((gy90y40 (gwkin
(Yp: Grain yield (non-Stress), Ys: Grain yield in (Stress ), TOL: Tolerance Index, MP: Mean Productivig, HM: Harmonic Mean, GMP: Geometric Mean
Productivity, SSI: Stress Susceptibility Index, STI: Stress Tolerance Index, YI: Yield Index, YSI: Yield Stability Index and RSI: Relative Strength Index)
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Figure 1. Thermal map showing the relationship between yield and drought stress tolerance indices. The sizes of each
circle show the intensity of correlation between two indicators (Yp: Grain yield (non-Stress), Ys: Grain yield in
(Stress ), TOL: Tolerance Index, MP: Mean Productivity, HM: Harmonic Mean, GMP: Geometric Mean Productiv-

ity, SSI: Stress Susceptibility Index, STI: Stress Tolerance Index, YI: Yield Index, YSI Yield Stability Index and RSI:
Relative Strength Index).
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Table 11. Factor coefficients of drought stress tolerance indices for the wheat genotypes

STl e P Jele il Jole s =55
Extraction Second Factor First Factor Indicators
097 0.157 0975 Yp
0.98 -0.483 0.867 Ys
0.88 0.740 0.581 TOL
0.99 -0.109 0.992 MP
0.99 -0.152 0.987 GMP
0.99 -0.189 0.978 HM
0.97 0.949 0.281 SSI
0.96 -0.105 0.976 STI
0.93 —-0.483 0.867 Y1
097 -0.949 -0.281 Ysl
0.97 -0.949 -0.281 RSI
382 690 259 o
Eigen value
3481 6276 olyly Loy
Variance percentage
97.57 62.76 oS by

Cumulative variance
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(Yp: Grain yield (non-Stress), Ys: Grain yield in (Stress ), TOL: Tolerance Index, MP: Mean Productivity, HM: Harmonic Mean, GMP: Geometric Mean

Productivity, SSI: Stress Susceptibility Index, STI: Stress Tolerance Index, YI: Yield Index, YSI Yield Stability Index and RSI: Relative Strength Index.)
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** The numbers that were underlined have a higher value in Factor analysis
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Figure 2. Biplot graphic of drought tolerance indices and wheat genotypes based on the first two components
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