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Table 1. List of the genotypes used in the current study
3, Py 1P Py 3, 5
Row Genotype Row Genotype Row Genotype
1 Ss4gs (Mahdavi) 18 S (Kavir) 35 Lo, (Hirmand)
2 Olal. (Sepahan) 19 4% (Qods) 36 0 ,¢o (Mehregan)
3 5\ e (Shiraz) 20 o (Bam) 37 olg s, S S (Spring BC Roushan)
4 <351 (Azadi) 21 G,T (Arta) 38 5L (Bazh)
5 Ol (Baharan) 22 SL 5 (Vierynak) 39 alxi (Shole)
6 Ol g yens (Sirvan) 23 SH| (Aflak) 40 S5 (Zagros)
7 e (Bahar) 24 sl (Ofogh) 41 S (Gahar)
8 slki (Pishtaz) 25 S 1 (Arg) 42 Ol e (Chamran)
9 o= (Tajan) 26 Ol (Sistan) 43 Y Ol oz (Chamran 2)
10 ¢l§m (Pishgam) 27 sl5 & (Niknejad) 44 Y Oly,\S (Caravan 1)
11 635 s (Shiroodi) 28 oo (Zarin) 45 YV L= (Chenab 267)
12 Cﬁ)‘ (Oroum) 29 &Ll (Alvand) 46 Ws-82-9
13 L s (Darya) 30 sl (Pastor) 47 Weebille 264
14 33 (Dez) 31 oo (Falat) 48 $-90-5
15 %3, (Roushan) 32 Y olls (Darab 2) 49 Irenal/babax-pastor
16 A5l 5, (Morvarid) 33 S, (Star) 50 Dharwar Dry/Nesser 265
17 Y Ol (Moghan3) 34 &S (Akbari)
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Table 2. ANOVA for different traits of bread wheat genotypes in non- stress conditions

R
&b a3 Mean square
it N U5 CL&J)\ Cosy, aowdsb Jsb Ois s abslas 5> She sl
- &sl;
Sourceof g bl wn e el SKh e i wls Al
variation 1000-grian  Plant  Daysto  Spike ~ Awn Spike Grainper  Grain  No. of
weight height  heading length  length weight spike yield spike
)\_fg_ 2 23.32 42211 5.04 4.624 6.39 0.99 148.89 4749.11 25175.75
Replication
55 49 34667% 34752%F 2127°F 289 618°F 029° 169.60 ** 2599.72 * 3520.75 "
Genotype
EU”L 98 10.97 15.85 0.84 0.92 0.26 0.19 75.46 2089.74 2919.51
rror
[ S g 2
Coefficient of ~ ~ 8.65 402 063 890 801 1953 1425 2870  27.45

Variation %

ns

doys) 50 JL,;;-\C)L);)\;J;MJJ;@JR%JJ4.3:*'*“;;*‘
ns *and ™: Non-significant and significant at the 5% and 1% probability levels, respectively

Table 3. ANOVA for different traits of bread wheat genotypes in water stress conditions

Sl o Sle
Gt”’ a3 Mean square
s . O tl.éj)l Uosy, dewdsk Jsb Oy o abosl s> She s
o 13
Source of s ol 5 e | 5 . . ;| .
variation g SOl g SRS e Sio,y s ale als alos
1000-grian  Plant Days to Spike Awn  Spike Grainper  Grain No. of
weight height heading length  length  weight spike yield spike
)\_’Q_ 2 17.89 12.70 0.92 4.98 1.05 2.67 261.94  4700.08 6814.73
Replication

. 49  55.88%  403.18"*  21.36* 336" 6.39" 0.25** 19.05** 2056.18" 1873.67"
Genotype

EU:I’;O.r 98 12.59 8.37 1.02 0.47 0.23 0.07 48.81 1183.13 1703.91
Sl i o 2
Coefficient of  —  9.85 2.86 070 631 782 1382 1277 689 930

Variation %

ns

doys) 50 Jw‘cjhm_)J)\.}J;M})‘.}fﬁﬁé’%Jj4._’:3&%}%‘&
ns " and **: Non-significant and significant at the 5% and 1% probability levels, respectively
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Table 4. Mean comparison of the bread wheat genotypes for yield under the stress and non-stress conditions

4l 5 Sas ails 5> Shas Gl 5 Shas 4ils 5 Sas
i3 ) Ll s s Ll s,y ) bts s Ll l s
Row Genotype oS O3k~ Row Genotype o Ok o

Grain yield Grain yield Grain yield Grain yield

in Yp' inYs in Yp inYs
1 st (Mahdavi) 142,04 101.099 26 Ol (Sistan) 181.03*h 166.80 ¢
2 Olal (Sepahan) 145.19% 108.659 27 sl5 S (Niknejad) 129.74 % 140.20 P9
3 5l s (Shiraz) 1595197 137.52¢9 28 o) (Zarin) 180.26 #h 182,96 ¢
4 @31 (Azadi) 131561 134.43¢9 29 Ll (Alvand) 192.35%9 153.19 P9
5 Ol,lg (Baharan)  204.572¢ 131.82°9 30 sl (Pastor) 208.83 ac 174,09 ad
6 Olse (Sirvan) 169.29%" 19306¢f0 31 <o (Falat) 157.90%1  150.79 ¢
7 sl (Bahar)  146.23™ 109800 32 Y olls (Darab 2) 135.89 b 125.98 &9
8 ki, (Pishtaz) 148.68™ 1733540 33 Sl (Star) 94251  106.18 ¢f
9 o> (Tajan)  176.97%" 1951549 34 & S! (Akbari) 183.33 %" 149.48 b9
10 (K (Pishgam) 15217% 1971340 35 As e (Hirmand) 163.351 17457 ad
11 55,5 (Shiroodi) 24034 210382 36 O ¢+ (Mehregan) 169.78 #  151.75 b9
12 ¢3! (Oroum) 197.93%7 185362 37 ol i, IS G (Spring BC Roushan) 155.67 b1 130.03 ©9
13 L,s (Darya) ~ 136.10™ 1215149 38 5L (Bazh) 158.74 > 154.43 59
14 35 (Dez) 188.01%9 145.01°9 39 al (Shole) 158.251  110.37 1
15 55, (Roushan) 169.2921 150.17°9 40 S5 (Zagros) 135.68 1 137.04 ¢
16 Ll ,« (Morvarid) 1427453 102549 41 S (Gahar) 101.801 103.579
17 Y Ol (Moghan3) 199.61 % 152.4459 42 Ol a2 (Chamran) 139.1151 122,06 %9
18 55 (Kavir) 167.89 %1 146.73>9 43 Y Ol e (Chamran 2) 119.1391  109.82 o
19 o5 (Qods)  205.69%¢ 132.02°9 44 V oly,ls (Caravan 1) 157.13 %4 137.04 9
20 o~ (Bam) 161.95> 122.33%9 45 Y1V Ll (Chenab 267) 135.68 ¢ 146.25 b9
21 Gl (Arta) 120.38 97 112.85¢0 46 W5s-82-9 159.02 b4 170.17 &
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Figure 1. Graphical analysis with 1:1 line of yield of bread wheat genotypes under both stress and non- stress conditions
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Table 5. Estimation of susceptibility or tolerance of genotypes by different drought tolerance indices
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Ys TOL GMP MP HM STI SSI YSI Yl

1 6"“*”_ 142.04 101.09 40.94 119.83 121.56 118.11 0.56 2.21 0.71 0.73
Mahdavi

2 olalew 145.18 108.65 36.53 125.59 126.91 12491 0.62 1.92 074 0.78
Sepahan

3 S)r:{r;z 159.50 137.52 21.98 148.10 148.51 147.71 0.86 1.05 086 0.99

4 i;a\fj‘i 131.56 134.42 -2.86 132,98  132.99 132.97 0.69 -0.16 1.02 0.97

5 9% 20457 13181 7275 16421 16819 16032  1.06 2.72 0.64 0.95
Baharan

6 g’:f\g; 169.28 113.25 56.03 138.46  141.27 135.71 0.75 2.53 0.66 0.81

7 B;er;r 146.23 109.8 36.41 126.72  128.02 125.43 0.63 1.90 0.75 0.79

8 )L‘”‘” 148.67 123.36 25.31 13543  136.02 134.84 0.72 1.30 0.82 0.89
Pishtaz

9 Ti'?: 176.97 125.15 51.82 148.82 151.06 146.61 0.87 2.24 0.70 0.90

|

10 VK“”‘“ 152.17 122.12 30.04 136.32 137.14 135.50 0.73 1.51 0.80 0.88
Pishgam

11 S5+ 240.34 210.37 29.96 224.86  225.36 224.36 1.99 0.95 0.87 151
Shiroodi

12 Og;g)‘m 197.93 185.36 12.57 191.54 191.64 191.44 1.44 0.48 0.93 1.33

u

13 Dl;;/a 136.1 121.50 14.59 128.59  128.80 128.39 0.65 0.82 0.89 0.87

14 Djeéz 188.01 145.01 42.99 165.12 166.51 163.73 1.07 1.75 0.77 1.04

15 SaX® 169.28 150.16 19.12 159.44 159.72 159.15 1.002 0.86 0.88 1.08
Roushan

16 J”*)Uff 142.74 102.53 40.20 120.97 122.63 119.34 0.57 2.16 0.71 0.74
Morvarid

17 ¥ ol 199.61 152.43 47.17 174.43 176.02 172.86 1.20 1.81 0.76 1.10
Moghan3

18 éﬁr 167.89 146.73 21.15 156.95 157.31 156.60 0.97 0.96 00.87 1.05

19 6':);: 205.69 132.02 73.66 164.79 168.85 160.82 1.07 2.74 0.64 0.95
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GMP sslysl
20 £ 161.95 12233 3962 14075 14214 13938 078 187 075 0.8
21 :jt‘a 12038 11284 7.5 11655 11661 11649 053 048 093  0.81
22 St 133.16 12356 959 12827 12836 12818 0.64 055 092 0.89
Vierynak
23 “A?;i 157.62 11202 4559 132.88 13482 13096 069 221 071 0.80
24 O%é;h 209.81 153.81 56.00 179.64 181.81 177.49 127 204 073 111
25 irf_;‘ 11130 10129 1000 10618 10629 10606 044 068 091 073
26 ‘Js‘rs‘t;n“ 181.02 16680 1422 17376 17391 17362 119 060 092  1.20
27 35 S 12074 14020 -1045 13487 13497 13477 071  -061 108 101
Niknejad
28 g 18025 182.95 -269 18161 18160 18159 130  -011 101 1.32
29 Af\'/;‘r']d 19234 15319 39.152 17165 17276 17055 116 156 079  1.10
30 ;;“"st“o“er 20883 17408 3474 19067 19146 18988 143 127 083 125
31 ;;I’;i 15790 15078 7.1 15430 15434 15426 093 034 095 1.08
32 I‘D;a‘b‘; 13589 12597 991 13084 13093 13074 067 055 092  0.90
33 )SE' 9425 10617 -11.92 100.03 100.21 99.86 039  -097 112 0.76
34 @fs'i 183.33 14948 3385 16554 16640 16468 108 141 081 1.079
35 Loz 16335 17456 -11.21 168.86 16896 16877 112  -052 106 1.26
Hln/nand
36 O e 169.77 15175 1802 16051 16076 16025 101 081  0.89  1.09
Mehregan
37 eSS g55es 13003 2563 14227 14284 14169 079 126 083 093
Spring BC Roushan
38 B;‘;h 158.73 15443 430 15657 15658 15655  0.96  0.20 097 1.1l
39 ;‘:’*“m 15825 11037 47.87 13216 13431 13004 068 232 069 0.79
40 czf“aqf('; 13568 137.04 -1.35 13636 13636 13635 073  -007 101 098
41 G);hsar 10179 10356 -1.76 10267 10268 10267 041  -013 101 074
42 S 13910 12205 17.04 13030 13058 13002 066 094 087 0.8
Chamran
43 s 11912 109.82 930 11437 11447 11428 051 059 092 0.79
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44 Vs 157.13 137.04 2009 14674 147.08 14640 084 098 087 0.98
Caravan 1
45 ch:evnaE; 13568 146.25 -1056 140.86 140.96 140.76 078  -059 107 1.05
46 Ws-82-9 15001 17017 -11.15 16450 16459 16440 106  -053 107 1.22
47 Weebille264 16411 16226 1.85 16319 16319 16318 105 008 098 117
48 S905 16859 20096 -32.37 18406 18477 18335 133  -147 119 145
49  Irenababaxpestor  146.09 140.82 527 14343 14345 14340 081 027 096 101
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SI=0.13
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Sl: Stress Intensity; Yp: Yield under non-stress conditions; Ys: Yield under stress conditions; TOL: Tolerance

Index; GMP:

eometric Mean Productivit
Tolerance Index; SSI: Stress Suscepti

Bi

MP: Mean Productivit

I C g/; HM: Harmonic Mean; STI: Stress
ity Index; YSI: Yield Stability Index; YI: Yield Index.
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Table 6. Correlation coefficient between drought tolerance/or susceptibility indices and grain yield in two conditions
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Figure 2. 3D diagram of selection of water stress tolerant genotypes using: A-Geometric mean productivity

(GMP), B-Harmonic mean (HM), C- Stress tolerance index S:.STI), D-Yield index (Y1), E- Mean productivity
(MP) and F- Yield stability index (YSI). Numbers inside the figure represent genotypes number. (see Table 1)
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Figure 3. 3D diagram of selection of water stress tolerant genotypes using: A- Stress susceptibility index (SSI), B-
Tolerance index (TOL)
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Figure 4. Biplot display of eight drought tolerance indices in 50 bread wheat genotypes based on first and second
principal components
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Figure 5. Dendrogram of cluster analysis of genotypes of wheat based on different drought tolerance
indices using UPGMA method
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Abstract

In order to determine the most effective indices for quantifying drought tolerance and identify genotypes
that are tolerant to water stress in bread wheat, 50 bread wheat genotypes were compared in a
randomized complete block design with three replications under both the non-stress dry farming with
two complementary irrigation and the water stress dry farming conditions in Khorramabad, Iran.
Analysis of variance showed that there was a significant difference among the genotypes in terms of all
of the traits except the number of spike per area. In this study, eight indices including: Stress Tolerance
Index (STI), Geometric Mean Productivity (GMP), Mean Productivity (MP), Yield Index (Y1),
Harmonic Mean (HM), Yield Stability Index (YSI), Stress Susceptibility Index (SSI), and Tolerance
index (TOL) were calculated by using of seed yield of the genotypes under both conditions. Indices that
selection based on them will improve the yield in both conditions, are considered as suitable index. STI,
GMP, MP and HM were introduced as suitable index for drought resistance selection. Genotypes
Shiroodi and S-90-5 were determined as the most appropriate based on 3D plot. Based on positive
correlation between water stress resistance indices and yield under stress and non-stress environments,
STI and GMP were the best indices. By using the Biplot method, Shiroodi, S-90-5 and Oroum genotypes
were considered as high yielding potential genotypes under the both conditions. According to the results
of cluster analysis, genotypes were classified into three groups based on drought tolerance indices.
Graphical analysis of genotypes also showed that genotypes Shiroodi and S-90-5 were more profitable than
others under both drought stress and non-drought stress conditions. These genotypes could also be used
as parents caring desirable genes in the crossing programs and selection of tolerate genotypes.
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