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Sl Gl sladss g o ele 4 450
5 S—3slsdrse Dlao (S S g5
55 Ly 8 o piS (slonasss sl
Lacds) ladeg> ayjms 0,5 oolaiwl S
S 3 (i 4 Zuaglite lo oLl el
43,8 1,8 colaiul 5,90 a8 jo alisee jladxs
Arshad et al., 2018; Naghavi et al., ) o
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Table 1- Code and name of wheat genotype

o gl el iy} S il pb i3S gy b

Gegz(tj;;pe GeNn:r:/epe Genotype Code Giln:;yepe Genotype Code Giln:;yepe
1 WC-4924 10 WC-4987 19 Pishtaz
2 WC-4582 11 WC-47615 20 Pishgam
3 WC-4592 12 WC-4612 21 WC-47640
4 WC-47341 13 WC-5001 22 WC-47467
5 WC-4965 14 WC-4994 23 WC-4553
6 WC-4840 15 WC-47638 24 WC-4583
7 WC-4958 16 WC-47583 25 WC-4554
8 WC-47399 17 WC-47522
9 WC-4600 18 WC-47569

Shalesl szl Ume 2lge T 5 (Ll iz Cobge = ¥ g
Table 2- Geographical locations and climate of the experiment site

Longitude) L3l e Jsb 4ids 9 5 as 0 47
Latitude) Ll e 43321 5 45,0 34
@titude u,s abaw 3 gl (M) 5w 1319
Medium rainfally 5wt g (IMM) e Lo 450-480
(Soil pattern) s st )
b 209 3 292 3 O oy o 9 515 (gogS sl ¢ Juize & yus
(Climatic and natural conditions) (Cold temperate, North Zagros Mountains)
Slle )l a0 bwgio
gl 42 53 13.3
Average annual temperature, g 4200
S o3l syl Jlu S0i,b o3
ool syl Jlw 5o (S olime 40151

(Rainfall in the year of the experiment,
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Table 3- Analysis of variance of studied traits in wheat genotypes under drought stress and
non-stress condition
(NON-SEress) s gy buxo
]
039 Slgme )
a0 LyLere 3| . X
Sl ple L wlsSlas ) U VP T o 10
‘séb' &)5]9» . wd J
SOV. g GY oo oy o . Chla Chib PC
TSW RWC — *%
RWL
Block) =5k 2 32929.767 822 8706554  0.02° 0.0001 347 0.53 132255.52 0.39
w9 24612.73" 87.36° 5744050 0006 0005  6.15 057 242425218 125"
(Genotype)
(Error s 48 4411.17 409 3846484 0003 0002 577 0.44 74226.12 0.33
(CNY) &l i g o 16.78 5.07 15.12 950 2164 1405  17.15 23.15 36.73
(Stress) i o
]
39 Slgio '
a0 S ySloc 3| . X
Ol glio 0 wlsoSles e ) e DT Qs e AT gus o
] Sl - Cawd 5
SO.V. GY &ls o Chla Chib PC
df BY § b
TSW RWC )
RWL
Block) =sb 2 10051.89  10.79° 125859.01 0.002 0.001  16.03 0.73 306627.48 0.30
w9 24 987499 3144”7 8106211 001 0005 573 031"  981857.25° 1.99"
(Genotype)
(Error) s 48 4581.55 290  90764.60 0008 0.003 357 0.20 205625.94 052
(CV%) &l i g 23.85 5.94 26.96 1737 2937 1236 1243 4333 34.85

* **ggnificant at 5% and 1% probability level, respectively

VAT | PCE e R P PO PPN A PO
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Table 4- Mean comparison of studied traits under drought stress and non stress condition

iy (ails 0,54os) GY (gr m™) als 438 39 TSW (gr m™) (wbg)BY
Genotype e e e G el i S el
Stress Non stress Stress Non stress Stress Non stress
1 239.38™® 322.20" 2232 29.33" 1164.2® 1299.4%*
2 283.40> 526.59°%° 32.03® 42 58 990.3® 1473.4%®
3 262.82° 355.60%9" 28.15%€9 38.37'" 898.5° 1144.4%
4 208.83% 304.559" 2247 30.01'm 864.7° 1318.8%*
5 261.51° 353.34°" 31.63® 44,50% 970.9% 1280.1%°
6 342.69% 442 37700 30.34 44.16%~ 1173.8° 1217.3%¢
7 277.26™ 431 7109 2799 41,79 1217.3% 1333.3%°
8 338,530 358,079 32.18%® 45.27% 1222.1%® 1449.2%°¢
9 275.12° 41024069 3413 47.09? 1028.9% 1454%°
10 424,73 565.75% 31.59% 45.95% 1313.9% 1391.2%°
11 201.89° 317.21%9 269" 34,481k 951.6® 1231.8%°
12 236.94%¢ 298.98" 31.89% 44,207 970.9% 1212 5%
13 309.49€ 508.45% 30.27°% 45.87® 1140.22 1386.3%¢
14 263.96° 482 2% 29,440 43,140 1057.9% 15702
15 372.95% 482,013 31.14%¢ 45.17% 1507.22 1434.7%°
16 190'1£§d ] 214'2§;hi 24.49:{)' 33-09;fi 874.3;2 1062.7b°C
17 319.10 354.00 32.04 37.81 1198 1135.2
18 354.27%¢ 54426 27.16%" 39.46%9M 1212.5% 1449.2%°
19 31870 492,24 25539 42,275 1188.3% 1458.9%
20 285,14 384,079 28.07°49 40.76%9 1115.9® 1120.7™
21 303.47%e 313.979" 28.98 34.314 1275.3% 1178.7%°
2 197.36° 331.92'9 23.61) 31.014m 1371.9% 1173.8™
23 240.30° 403.74%E9n 29.29°e 43.05%% 932.3% 1212 5%
24 292,04 304.249" 29.63> 37.39% 1057.9% 1125.5%
25 293,72 391.08%9" 27.60%9" 36.15" 1236.6% 1304.3%°
Mean 283.75 395.74 28.68 39.89 1117.42 1296.74

55 70 Jlai gl (o (5,lo e IS (S e B> gl slaSilee
Mean with same letter are not significantly different at 0.05 level of probability

-¥F Jous aslol
Table 4- Continued

e Ol o glgie RWC 4y Cuwd 3 i o  RWL ajdsyls  Chla
Genotype ¥ G XS Exse XS X
Stress Non stress Stress Non stress Stress Non stress
1 0.52%¢ 0.58™ 0.17° 0.30% 16.762 17.96%
2 0.50%° 0.63%d 0.16™ 0.22 14444 16.52%¢
3 0.43; 0.57632d 0.18:; 0.2662:" 14.216‘);§j 17.0022
CoooE S MR o B3T S
6 0.53%¢ 0.65%d 0.14° 0.21% 13.92%4 18.61%
7 0.53%¢ 0.64%cd 0.11° 0.26% 15,507 16.66™¢
8 0.49%¢ 0.63%d 0.26™ 0.26% 14807 15.96™
9 0.56%¢ 0.62% 0.22%¢ 0.20% 13.32™ 17.30%°
10 0.53%° 0.70°® 0.18™ 0.27% 14.12°4 18.35%¢
1 o.ee:b‘c o.eei‘; o.17:b°c 0.19:‘; 18.35:0I 20.95;
12 0.60 0.64 0.20 0.31 15.13 15.47
13 0.51%° 0.712 0.19 0.25" 16.77%¢ 15.64™
14 0.63® 0.66% 0.16™ 0.22° 15.16% 18.25%¢
15 0.42° 0.67°%° 0.17™ 0.23> 16.19% 13.63°
16 0.55%¢ 0.62%d 0.31% 0.22> 1540 18.08%¢
17 0.53222 0.52;; 0.155; 0.20‘;‘1j 12.76:b 18.17222
18 0.58 0.65 0.21 0.36 17.36 18.33
19 0.59%¢ 0.722 0.15° 0.26%~ 16,107 17.08%°
20 0.57%¢ 0.68%° 0.17™ 0.21° 1470 15.87
21 0.56%° 0.61%> 0.19™ 0.21° 16.57%¢ 16.75%¢
22 0.45™ 0.59> 0.18™ 0.21% 16.01%% 17.16™¢
23 0.50%° 0.64%cd 0.20™ 0.23 14.09°4 17.51%¢
24 0.49°° 0.54¢ 0.22%¢ 0.25> 13.03™ 17.10%¢
25 0.52%¢ 0.57% 0.22%¢ 0.19¢ 16.58%° 16.30°%
Mean 0.54 0.63 0.19 0.24 15.29 17.09

.JJ)IAJ Y JL«.L‘>| C.la..; 5 ‘_g)l\)@.m s 6&5,‘.‘-«.& a_é);> dl)h ‘_gLﬁw.f.nL..a
Mean with same letter are not significantly different at 0.05 level of probability
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Table 4- Continued

St O T T
Genotype o [l o [EaadP ot o [EaadP ot
Stress Non stress Stress Non stress Stress Non stress
1 3.89%4 3.96° 896.5°99 1474.9" 2.79%° 0.80"9"
2 3.53% 3.70° 311.9 2237.9° 1.63cdefon 1.01%9n
3 3.25% 3.71° 1165.5% 117.1 2,02%cdeigh 1.200€an
4 3.49™ 3.84° 817.3%9 148.8 3.08% 1.8gebedet
5 3.50™ 3.39° 526.4%9 876.0" 1.09" 0.51
6 3.320 4.20° 1796.2° 144.5 0.71" 1.34c0efghi
7 3.60% 3.68° 802.1%9 327.2 2.91%¢ 1.08%9n
8 3.47™ 3.60° 1265.4°%% 44471 2.95%¢ 2.41%¢
9 3.23 3.83° 1410.6° 2713.3% 2.53%cde 1.249€fgni
10 3.24b 4.12° 1469.5° 42221 1.54cdefan 2.69%
11 4.39° 5.40° 24519 613.6! 0.92%" 1,37cdefani
12 3.36™ 3.35° 3005.9° 433.21 1,320 1.50odefon
13 3.79% 3.47° 786.7°09 1730.6% 1.6gbedefan 1.55pcdean
14 3.54%d 4.04° 915.4%9 1216.3%" 1.24% 251
15 3.7 313 121530 2574.4° 3.38 1.43pcdefghi
16 3.49" 4.07° 892,20 2057.4 1, 71bedefgn 1.96%e
17 3.01¢ 4.09° 1609.5% 857.4" 2.36%0d 1.95%ce
18 4,020 4.44% 890.6%49 910.3" 1. 70bedefan 2.13%cde
19 3.83% 3.82° 881.9% 1221.5% 2.64°0cde 0.54"
20 3.31°« 3.49° 599,190 2757.1% 0.92%" 0.69"
21 3.84%d 3.82° 576.8%f¢ 2027.6%¢ 2.85%¢ 2,247
22 3.77% 3.82° 840.9%9 1439 2.69%0d 0.74%"
23 3.39™ 3.88° 1133109 1873.3% 2.25%cdeg 1,812l
24 3.06™ 376 1563.5™ 1755.4% 1.50defgn 18520
25 3.92%¢ 3.65° 546.8%9 140.8 3.34° 2.36%¢
Mean 3.56 3.85 1046.58 1176.77 2.07 1.56

Mean with same letter are not significantly different at 0.05 level of probability

70 Jlezs s 1 (g s st S oS e i el ls sla o Sile
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Table 5- Correlation coefficient between studied traits and indicators under drought stress
and non stress condition

YP
ofles)  YS TSW BY RWC RWL Chla Chlb CAT PC MRP  STI
(Jboy
3,5Les)Y S -
0.706
(s
TSW "
oo 035 0533
(@ilo 5152 &539)
(wbog)BY 04100 0633  0.095
gixs)RWC
SRy 0090 -0252 -0159 -0.3%4
(e &
; SHRWL .
s D 0445 0259 -0.023 -0.393 0.095
(a8 y Caws

@Jsds)Chla 0019 0190 -054" 0181 0303 -0.03
(bJsde)Chib 0091  -0163 -0484 0222 0265 -012 0963

GYGCAT -0102 0195 0401 0011 -0.08 0041 -0499° -056"
(s92)PC 0080 0045 -0235 0419 -036 0070 0153 0181 -0.12
oeSko)MRP - . . "
~0933" 0913° 0475 05577 -017 0387 -0085 -0.030 0040 -0.02
(8 ySdlos e
w2 L)STI " B ok *x
- _0923* 0908" 0431 05527 -016 -034 -0057 -0014 0051 -0.04 0.991
(i & Joxs
Ua;»L&)SS|

& Sl 0.524** -0216 -0.172 -0.139 0163 -0.34 0.271 0.337 -035 -012 0192 0.187
(St

Table 6- Ranking mean traits based on the studied indices

3 ,Sloc o ,Shos oSk s wls oSile Gy
g 3] eole M G M) e a8y Jed Ad) Cowlee 4l w Lo Egoze
Genotype Yo R Ys, R oslee R wa R sas4 R " Fi’ )Sb ad,
(g/m) (g/m) MRP STI ssl
1 32220 19 23938 20 1658 20 0492 20 0908 11 1550 5227 90
2 526.59 3 28340 13 2.329 6 0.953 7 1.632 25 15.91 8.792 54
3 35560 15 26282 17 1.828 17 0.597 17 0.922 14 14.62 2.674 80
4 30455 22 20883 22 1.506 24 0.406 24 1111 15 18.76 5.394 107
5 35334 17 26151 18 1.815 18 0.590 18 0.918 13 1491 3.576 84
6 442.37 8 34269 4 2.326 7 0.968 6 0.796 7 7.29 2918 32
7 431.72 9 27726 14 2.068 10 0.764 10 1.264 19 14.67 4.305 62
8 35807 14 33853 5 2.098 9 0.774 9 0.193 3 5.76 3.404 40
9 41024 10 27512 15 2.006 13 0.721 125 1.164 16 14.55 1.987 66.5

10 565.75 1 42473 1 2.926 1 1534 1 0.881 10 6.10 6.651 13
11 31721 20 20189 23 1513 23 0.409 23 1.285 20 20.76 3.404 109
12 29898 24 23694 21 1.591 21 0452 21 0.733 6 14.43 7.626 93
13 50845 4 30949 8 2.376 4 1.005 4 1.383 21 12.71 8.289 41
14 482.62 6 26396 16 2.150 8 0.813 8 1.601 24 16.48 7.420 62
15 482.01 7 37295 2 2.532 3 1.148 3 0.800 8 6.24 4.403 23
16 21421 25 19015 25 1211 25 0.260 25 0.397 5 1595  10.205 105
17 35400 16 31910 6 2.019 12 0721 125 0.348 4 7.74 4.030 50.5
18 544.26 2 35427 3 2.624 2 1.231 2 1.234 17 9.67 8.481 26
19 49224 5 31870 7 2.367 5 1.002 5 1.246 18 11.48 6.780 40
20 384.01 13 28514 12 1.975 14 0.699 14 0.910 12 12.55 1172 65
21 31397 21 30347 9 1.863 16  0.608 16 0.118 1 8.19 7.373 63
22 33192 18 19736 24 1534 22 0418 22 1.433 23 21.55 2.945 109
23 403.74 11 24030 19 1.867 15 0.620 15 1.430 22 18.55 3.482 82
24 30424 23 29204 11 1.798 19 0567 19 0.142 2 10.14 8.157 74
25 391.08 12 29372 10 2.023 11 0.733 11 0.880 9 10.52 1.145 53
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Table 7- Factor analysis of studied traits under stress conditions

olao 1 2 3 4
GY (ails 8 Sloc) 0.936 0.162 -0.024 0.262
TSW (4ils 4l3 ¢y39) 0.668 -0.409 0.229 0.132
BY (uslogw) 0.610 0.490 -0.459 0.030
RWC (i 0T (595500 -0.404 0.093 0.596 0.474
RWL (438, Cowd I (oomnd &) -0.358 -0.404 -0.228 0.561
Chl a@ Judg,15) -0.410 0.811 -0.036 0.303
Chl b (b Judg,15) -0.361 0.860 -0.021 0.224
CAT (3¥61) 0.341 -0.621 -0.028 0.083
PC (¢sds ) 0.017 0.265 -0.804 -0.106
MRP (s )Sdos (oms (5255L0) 0.886 0.354 0.214 0.069
STl ((Seins 4 Joos (a5 L) 0.868 0.361 0.215 0.111
SSl (Sid a3 Comlus jasLi) -0.124 0.488 0.542 -0.499
Eigen value (o3 yluio) 32.95 24.61 14.22 8.77
Total variance (%) (Js ywib,l) 3.95 2.95 171 1.05
Cumulative variance(%) (. ez (il yl9) 32.95 57.56 7178 80.55

Rescaled Distance Cluster Combine

LSE o] 5 10 1

]

o5 Lulys o Ward og) b slasgs 4520 51 Jol> ol 579,000 - S5

Figure 1- The dendrogram of cluster analysis by Ward method under stress conditions
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Abstract

Drought is the abiotic stress to decrease yield potential. To screen and identify
drought tolerant genotypes of bread wheat landraces, was studied in a randomized
complete block design with three replications with two levels of stress (stress and non-
stress environments) and 25 bread wheat genotypes, at the Razi University of
Kermanshah in 2017-2018. Results of analysis of variance and mean comparison of
morphological, physiological and biochemical traits showed that effect of genotype was
significant for most of the traits under stress. Correlation coefficients showed a positive

and significant result between yield with thousand seed weight and biological yield in
both stress and non-stress conditions. Analysis of variance and mean comparisons
showed that genotype No. 10 was superior under both stress and non-stress conditions.
The results of correlation between drought stress indices showed that STI, MRP and
biological yield were positively and significantly correlated with grain yield under both
stress and non-stress conditions. Ranking of genotypes, based on sum of ranks, mean
ranks and standard deviation of ranks, showed that genotypes 10, 15 and 18 were best
rank and recognized as superior drought resistant genotypes, while genotypes 4, 16, and
22 were identified susceptible. Factor analysis in stress environment explained 80.55%
of the variance by four main factors. Ward's cluster analysis under stress condition
divided the genotypes into four groups. Grouping of genotypes were somewhat different
due to different responses of bread wheat genotypes to water deficit stress and their
differences in susceptibilies or relative resistancese.

Key words. Bread wheat, diversity, biochemical and physiological trait, ranking
(RS).

1- Department of Plant Production and Genetics, Faculty of Agricultural Science and Engineering, Razi University, Kermanshah,
Iran.

2- Associate Professor, Department of Agriculture, Payame Noor University, Tehran, Iran.

*Corresponding Author: bavandpouri.fatemeh@razi.ac.ir



