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Table 1. The studied genotypes in this research

o)leds 595 o)leds 595 o)leds )] o Lo 59
Code Genotype Code Genotype Code Genotype Code Genotype
1 ol S5 15 Llws 29 obeds 43 A\
Niknejad Bezostaya Golestan Azar 2
2 S 16 NP 30 ) 44 sl s
Alvand Navid Roz Alborz cross
3 609y 17 8 31 Jbses 45 g
Shiroodi Falat Shahryar Saji
4 5L 18 iy 32 o 46 s>l
Baz Pishgam Hirmand Ohadi
5 Osle 19 ood 33 Yzs 47 KW
Hamoon Ghods Karaj 2 Rasad
6 Sgall 20 S 34 Js~) 48 (p9,9%) S5
Almot Mahdavi Rasool Zardak
7 3™ 21 <) 35 G, 49 KRV 4
Sardari Argh Arta Kohdasht
8 &l 22 AN 36 Vol 50 DN-11
Zare Darab 2 Moghan 1
9 Sy 23 SNgw 37 Y ol 51 Ol yox
Shiraz Sivand Moghan 2 Chamran
10 ssibias 24 s 38 Y ol 52 b
Neishabor Tos Moghan 3 Parsi
11 255 25 e 39 Jryty 53 318
Kavir Urom Ghohar
12 5l 26 sbeiy 40 roan 54 330
Alborz Pishtaz Pastor
13 ke 27 RS 41 0 yogens 55 341
Bahar Zarin Saimareh
14 S il 28 oS 42 Ko 56 Cabdgye
Atrak Tajn Behrangh Marvdasht




\Yaf¥ QLM) /f)LQ’ e)Lo...u/w.z.u o)jo/ﬁf)u: Olasss u‘)mﬁéw

30 5185 0590 e ulS Cg (gjlwoslal et 4
rajé 4.0...‘ )Q );\g WMS D oo)' g_im.lo 9 p.?uu julJ k))‘ﬁ‘

oS 25 ol 5l glal il o plosl Lo )S 4l o
e SV DPRIVIR b & R PRI P P R 9%
28l pola Suelssed (S Al e b oS ul Jlos! Oyge @y fo yS dp Foo oS5 LAYAY ole L]
9 ek Job 4 el by Jlb o5 088
Oyge 45,8 sladile b o)l 09r yia e YT (e
Ol sk 4 il Sldes plo 55 5 (Cezg) (oo

el 59e g am Sloj cnl o 5 g Lo L
I3 slod Lawgin 9 Cugh) (e (AL Hlade (28,5 18
Sl oads QLI Y Jgoz jo 6ly5 Jad Job )0

VAR els Jle b olesle S dilaie jo (Sw,b alale uKlee g Cusb, olae 5 oo 2STas g Jilas =¥ Jgomr
Table 2. Minimum and maximum temperature and nedatiumidity (RH) and precipitation in Kermanshah
region during 2010-2011

Les Jlae Les Sl b Ol Cagby JBlam Cash) STas
Month L (s 42,9)  (Gogends a2 )9) Gioskee) (22,3 (x2)
Minimum Maximum Precipitation Minimum RH Maximum
temperature (°Clemperature (°C)  (mm) (%) RH (%)
Sep. 23-Oct. 22 e 10.6 30.3 1 13.2 46.4
Oct. 23-Nov. 21 bl 4.5 21.9 31 22.8 66.8
Nov. 22-Dec. 21 331 -1.5 16.8 24 26.5 62.4
Dec. 22-Jan. 20 & -2.2 9.6 50 47.1 91.0
Jan. 21-Feb. 19 (et -2.7 8.0 65 52.1 94.2
Feb. 20-Mar. 20  wa.l 0.6 15.4 21 28.1 82.0
Mar. 21-Apr. 20 23,5, 4.5 20.1 47 24.6 78.8
Apr. 21-May. 21 coigs) 9.5 23.6 128 33.6 87.4
May. 22-June 21 sls,> 12.8 33.8 0 11.3 51.1
June 22-Jul. 22 % 17.1 38.5 0 6.6 32.1
Jul. 23-Aug. 22 ols 5 18.1 39.5 0 6 27.7
Aug. 23-Sep. 22 g 13.8 34.6 0 7.8 32.0

Source: Meteorological Organization of Iran
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Table 3. Combined analysis of variance for theistittaits under non-stress and stress conditions

Mean square ol Sk

a4z 5o &l slaws o . ol

\S/gﬁ;iﬁ)r?f St lie ol wls o Shas alw oo e O).j e Q)S’Lw ooloser cbls
L ' 1000grain  Spike . :

df Grain yield No. of . ! Biomass Harvest
: . weight yield _

grains.spiké index

Environment (En) AN 1 183981020 7827 3585" 33.77  96.04" 1479
Replication/En  Luoe 9,0 )15 4 10627 8.799 8.776 0.024 0.139 440
Genotype (G) w95 55 2247483 208.4 264.5° 0.597° 1.406° 1034"
EnxG b x ooigy 55 1018671 75.2° 35.1" 0.216" 0.309" 279.5
Error ombl gl 220 66856 8.95 3.63 0.023  0.027 31.6

o
CV (%) R 5.51 7.49 5.04 10.1 5.02 11.9
(EWPRY)
Table 3. Continued aolol ¥ Jga
Mean square ol o Sk
4,0 0 ks
Source of e g Jwon e e Jage T s
variation T e Peduncle Spike  Peduncle & Plant
maximum weight length  length ~ Penultimate  poiqp
length

Environment (En) Lo 1 0.00006" 1.534"  25.3"m 0.210" 2432"
Replication/En Lz s,0 1,58 4 0.00002 0.418 1.548 4.216 341.4
Genotype (G) PN 55 0.0655™ 9.512"  189.4" 485" 638.3"
EnxG R R )] 55 0.00006" 2.236" 18.66" 12.1" 101.9
Error oiabe;T slas 220 0.00002 0.648 8.12 4.88 69.7

CV (%) (30)0) Slysl g po - 0.79 8.13 7.58 9.46 9.01

% NS
¢

Al 9 1.0 JLo.o‘ Gla.a 5o )‘os.v.a 9 )lbw)...c G A S 9

ne " and™: Not-significant and significant at 5% and 1% pabllity levels, respectively.
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Table 4. Mean comparison of the studied genotypeadronomic traits under non-stress and stressitioms

alo o aloew 4o asly olows alo e oy [ . .
_— Grain)il‘iue;ld N)o. of 1000-g)r;?nuv)vjeight M o.)ﬂ& BTgmgss =5l ."DLM o
RPN (kg.had) grains.spikeé () Spike yield (g) (g.plant)) Harvest index (%)
Genotype— . L. T T T LT
G 09 O O o R O o OB O O B MR o OB MR og OB
Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress

1 632( 397 56.¢€ 40.1 35.1 32.2 1.9¢ 1.3C 6.07 3.8¢  32.7 33.4
2 614¢  375( 45,2 27.C 34.¢ 32.C 1.57 0.87 6.0C 3.8¢ 26.2 22.2
3 481¢ 187« 42.1 37.€ 32.C 22.1 1.3t 0.8: 4,22 2.67 31.¢ 31.2
4 4681  346: 44.¢ 38.F 34.7 33.¢ 1.5t 1.2¢ 4.5¢ 2.7z  34.C 47.c
5 525( 425: 47.¢ 43.2 37.C 31.€ 1.77 1.37 4.9t 3.7¢  35.7 36.€
6 519C 4662 57.2 48.7 34. 26.2 1.97 1.27 4.97 3.6¢ 39.€ 34.7
7 5607 4357 45.¢ 37.2 38.t 35.1 1.77 1.31 5.4¢ 4.7z 32z 27.€
8 625( 360¢ 51.7 39.2 40.2 33.€ 2.0¢ 1.31 5.5¢ 4,17 374 31.t
9 532¢ 3037 45,2 42.2 35.1 32.2 1.5¢ 1.3¢€ 5.4¢ 3.97 29.: 34.:
1C 601:  422: 38.2 29.7 35.1 32.1 1.3¢ 0.9t 5.7C 3.9C 23.¢ 242
11 510¢ 371F 41.F 33.¢ 45.1 38.7 1.87 1.3C 6.5( 4,77  28.f 27.2
12 595¢ 3621 38.¢ 34.: 48.2 30.7 1.87 1.0t 5.51 4,06  33.¢ 26.C
13 555(  485: 35.¢ 31.2 44.¢ 41.2 1.61 1.2¢ 5.6¢€ 3.98 28t 32.¢
14 625( 4367 47.2 39.¢ 477 35.¢ 2.2¢ 1.4z 5.9t 4,06  38.C 35.2
15 648t  383( 48.1 28.C 49.1 34.¢ 2.37 0.9¢ 5.8¢ 3.7¢  40. 25.¢
1€ 690z 469¢ 53.¢ 32.2 42.¢ 38.2 2.32 1.2¢ 6.27 3.9¢ 37.C 31.C
17 528t 438( 42.¢ 36.5 49.2 38.¢ 2.1C 1.42 5.41 4,14  38.¢ 34.:
18 523¢  320¢ 38.¢ 27.7 43.2 39.4 1.6€ 1.0¢ 5.4: 4.1C 30t 26.€
1¢ 5397 421¢ 44.2 35.F 41.¢ 28.2 1.8 0.9¢ 5.3(C 3.4 34.¢ 28.¢
2C 4545 420¢ 42.C 39.2 42.2 37.7 1.77 1.47 5.0t 432  35.( 34.C
21 638¢ 363t 53.2 32.¢ 46.2 31.€ 2.4¢ 1.04 8.0t 4.6¢  30.F 22.1
22 760 3921 53.2 38.¢ 47.2 32.4 2.51 1.2¢ 7.3¢ 43¢  34.C( 28.F
23 518¢  452( 422 36.4 43.2 38.2 1.8¢ 1.3¢ 5.3¢ 4.3z 34. 32.2
24 543: 3901 37.¢ 30.¢ 40.5 38.C 1.52 1.1¢ 5.6¢ 4.2¢ 27 27.7
25 479¢  398¢ 46.7 32.¢ 43.¢ 37.C 2.0t 1.21 5.7¢ 4.2¢  35. 28.€
2€ 614¢ 403« 47.¢ 32.C 51.C 42.2 2.4 1.3t 6.51 3.8¢ 37« 34.¢
27 472¢ 3991 36.C 23.2 47.¢ 43.C 1.72 1.01 5.4¢ 3.8/ 31. 26.2
28 562¢  462( 49.C 42.2 47.€ 39.2 2.3¢ 1.6€ 5.7¢ 4.0C 40.Z 41.£
29 6465  491¢ 48.¢ 26.2 42.€ 40.C 2.07 1.0t 6.4 4.3t 321 24.1
3C 5171  347( 34.7 29.€ 46.7 39.¢ 1.62 1.1¢ 4.9t 3.7 32.7 31.€
31 471€¢  361¢ 52.¢ 442 57.C 41.2 3.0 1.8¢ 7.1z 4,12  42( 44.1
32 5481  445( 46.¢ 33k 44.¢ 36.€ 2.11 1.22 5.8¢ 4.2z 35.¢ 29.1
33 492,/ 292t 59.t 55.C 37.4 33.C 2.2t 1.81 6.4z 481 34.7 37.7
34 4911  239: 58.t 37.¢ 45.1 39.2 2.64 1.4¢ 5.5t 3.6(C 47.¢ 41.2
35 4917 413t 57.2 27.1 48.€ 38.4 2.7¢ 1.04 6.2¢ 3.8 44°t 26.¢
36 7408 509t 53.¢ 40.5 44.¢ 38.¢ 2.4z 1.5¢€ 6.5( 4.47  37.2 34.¢
37 489:  424¢ 42.1 22.C 41.2 33.C 1.7¢ 0.7¢4 4.67 3.4z 374 21.1
38 516 379t 35.2 28.7 41.£ 35.1 1.4¢ 1.01 5.0¢ 3.58 28.¢ 28.2
3¢9 504¢  481: 43.¢ 39.F 56.2 49.4 2.4F 1.9t 5.1¢ 4,17 477 46.€
4C 541 4091 31.t 36.2 50.¢ 46.€ 1.5¢ 1.6¢ 4.8C 3.9¢ 32¢ 42.2
41 619¢  398¢ 30.t 24.¢ 52.¢ 43.C 1.61 1.0¢€ 6.62 5,00 24« 21.2
42 540¢  477( 37.¢ 29.1 43.2 41.2 1.6 1.21 6.5¢ 4,12 24.¢ 29.C
43 484t  368¢ 49.1 28.¢ 23.1 37.4 1.12 1.0¢ 4.8¢ 4.3t 23.1 24.¢
44 427¢ 3821 46.1 31.¢ 40.C 27.2 1.8¢ 0.87 5.6¢ 3.3 32« 26.1
45 554z  372( 48.F 43.1 29.F 22.7 1.4< 0.9¢ 6.0t 458  23F 21.F
4€ 428¢  258( 51.z 42.2 36.2 24.7 1.8¢ 1.04 5.0t 3.2 36.¢€ 32.2
47 4191  350¢ 452 40.2 28.¢ 22.2 1.31 0.8¢ 5.5¢ 3.9¢ 23t 22.7
48 432: 3647 47.C 40.£ 28.2 24.¢ 1.3¢ 1.01 5.6( 3.51 23.7 28.7
48 420¢  330¢ 46.7 36.5 28.¢ 23.2 1.3 0.8t 4.5¢ 3.3¢ 29« 25.C
5C 661¢  435: 38.1 31.1 40.€ 35.2 1.5t 1.1C 5.47 3.4/  28.C 31.¢
51 545 478¢ 37.¢ 34t 36.2 33.1 1.3¢ 1.1 5.0¢ 3.8¢8 27.C 29.€
52 465( 278¢ 47.¢ 34.¢ 32.2 24.¢ 1.5¢ 0.87 5.1¢ 3.5 29.7 24.¢
53 440z 4221 39.7 33.2 30.¢ 23.1 1.2¢ 0.77 5.2¢ 3.8¢ 23.¢ 19.¢
54 582¢  541¢ 34.1 30.€ 48.C 46.C 1.6 1.41 6.1¢€ 45¢  26.¢ 30.€
55 519C 4591 40.7 34.¢ 30.7 25.2 1.2 0.8¢ 5.0¢ 3.5¢ 24¢ 24.F
5€ 623t  348¢ 28.C 39.F 35.1 31.¢ 0.9¢ 1.27 6.1fF 3.9 16.C 31.7

Mean 5436 3956 448 351 411 34.5 1.83 1.20 5.67 3.97 323 30.3
Minimum 4191 1874 28.0 220 23.1 22.1 098 074 4.22 267 16.0 19.9
Maximum 7603 5419 595 55.0 57.0 49.4 3.00 1.95 8.05 500 476 47.3

LSD (5%) 790 681 735 636 7.49 6.62 044 027 073 047 6.46 6.42
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Table 5. Mean comparison of the morphological sraitder non-stress and stress conditions

G

JSilay (39 S Tas

Peduncle maximum

Al Job
Spike length (cm) Peduncle length (cmPenultimate length (cmpPlant height (cm)

Sy Jsbs

RN

oL glis )|

weight (g)
Genotype e T TTTIITTTTTTTo e e
OB 09N o O O S OB 09N o o 09 S oE o9 S
Non-stres  Stres Non-stres Stres  Non-stres  Stres  Non-stres Stres  Non-stres Stres
1 0.87: 0.87: 9.€ 9.7 41.£ 41.C 22.7 22.F 94.¢ 84.¢
2 0.47¢ 0.47¢ 12.1 11.¢ 39.7 41.t 23.€ 22.7 95.t 87.1
3 0.53¢ 0.53¢ 8.1 8.4 27.L 29.: 21.2 27.€ 85.C 64.£
4 0.507 0.507 8.8 9.8 28.7 29.t 23.7 23.7 83.¢ 75.7
5 0.51: 0.51: 9.C 10.C 28.t 34.C 26.£ 24.2 96.t 87.C
6 0.48( 0.48( 8.7 9.4 39.¢ 37.€ 23.2 21.¢ 95.t 92.2
7 0.46¢ 0.46¢ 9.4 10.¢ 42.C 41.¢ 26.4 24.C 102.C 102.1
8 0.54: 0.54: 11.1 9.¢ 40.c 39.1 21.c 20.C 88. 88.¢
9 0.51¢ 0.51¢ 14.¢ 11.1 36.¢ 35.1 21.t 19.1 84.L 97.t
1C 0.72¢ 0.72¢ 10.¢ 10.¢ 40.7% 38.7 27.¢ 23.k 90.t 88.7
11 0.621 0.621 125 10.6 40.8 35.7 27.6 23.6 859748
12 0.543 0.543 10.4 9.8 334 35.8 29.3 28.7 89.7 976
13 0.624 0.624 10.4 9.6 334 32.7 22.4 21.4 96.1 .7 78
14 0.522 0.522 7.8 9.0 26.8 26.9 20.6 21.9 76.7 9 69.
15 0.592 0.592 9.9 8.8 38.7 38.1 26.0 22.7 97.1 7 91l.
16 0.408 0.408 9.0 8.4 325 42.1 22.9 23.9 106.9 595
17 0.510 0.510 10.6 8.8 43.1 37.2 21.0 22.6 100.00.59
18 0.678 0.678 9.1 9.0 33.1 36.0 195 23.6 90.8 578.
19 0.582 0.582 11.2 10.5 38.1 40.0 22.6 21.6 939 6.89
20 0.762 0.762 11.9 9.9 41.2 385 23.8 22.0 88.2 .4 90
21 0.750 0.750 12.8 11.1 41.4 39.1 22.0 24.7 915779
22 0.574 0.574 11.9 9.9 38.3 33.9 23.0 21.3 77.2 .4 86
23 0.624 0.624 9.9 10.2 28.3 34.6 19.8 21.9 842 279
24 0.819 0.819 10.7 10.0 38.6 36.9 23.2 29.2 99.308.3L
25 0.556 0.556 9.4 9.9 35.0 36.3 20.3 24.0 97.4 1 90.
26 0.538 0.538 10.4 8.8 35.3 34.3 21.5 21.7 79.6 .3 83
27 0.556 0.506 12.1 11.9 38.6 38.1 20.7 20.4 106.907.9
28 0.600 0.600 9.4 8.7 33.9 34.0 234 22.4 80.8 4 75.
29 0.567 0.567 10.1 10.2 38.2 36.7 23.4 235 97.8 259
30 0.627 0.627 9.0 8.8 28.5 30.7 18.4 23.0 98.4 4 75.
31 0.600 0.600 11.5 11.3 35.2 41.8 31.8 23.0 98.6 4.4 9
32 0.606 0.606 9.8 9.8 38.2 38.6 22.2 20.8 915 6 86.
33 0.852 0.852 12.8 10.2 45.8 43.4 25.8 28.7 114.014.0
34 0.675 0.675 9.4 10.2 32.8 40.4 20.4 21.4 100.78.3 7
35 0.699 0.699 9.2 9.5 35.9 31.4 20.6 22.2 84.0 991.
36 0.438 0.438 9.1 9.3 34.4 36.8 19.7 20.4 99.4 5093.
37 0.624 0.624 9.7 9.8 28.7 33.2 19.7 20.7 87.1 3 85.
38 0.597 0.597 9.1 9.6 31.2 325 22.6 23.2 98.3 5 89.
39 0.585 0.585 8.4 10.0 30.2 30.4 24.0 24.8 95.7 294
40 0.444 0.444 8.9 9.8 32.3 35.7 20.3 23.6 93.3 274.
41 0.531 0.531 7.1 7.0 42.9 37.2 19.3 20.6 87.0 190.
42 0.642 0.642 7.7 7.6 37.4 36.9 184 16.9 80.3 278.
43 0.585 0.585 10.0 9.0 47.3 48.5 25.0 25.8 107.105.61
44 0.789 0.789 9.9 9.7 42.3 44.8 38.0 28.9 109.6 .2 96
45 0.804 0.804 6.5 7.1 41.2 46.4 20.3 22.0 92.1 58l1.
46 0.585 0.585 9.5 12.1 475 47.9 27.7 28.5 115.902.71
47 0.636 0.636 11.0 10.0 49.8 45.3 29.0 27.4 129.617.1
48 0.717 0.717 6.9 7.9 57.8 53.0 21.9 21.6 116.3 4.610
49 0.537 0.537 10.8 10.4 38.9 36.2 22.7 22.1 88.9 94 8
50 0.520 0.520 10.1 10.5 34.3 40.6 22.6 22.6 95.3 9.6 8
51 0.513 0.513 11.1 11.8 38.6 45.3 26.6 27.3 104.@5.4
52 0.534 0.534 10.4 11.6 42.8 45.8 25.8 27.2 111.602.1
53 0.561 0.561 9.5 9.0 27.4 30.9 25.2 23.1 78.3 3 89.
54 0.537 0.537 10.4 10.6 33.8 33.6 19.0 21.8 872757
55 0.634 0.634 10.4 14.2 48.6 46.5 27.1 28.3 121.604.4
56 0.612 0.612 9.0 9.5 34.2 34.5 22.6 24.3 97.1 091.
Mean 0.559 0.598 10.0 9.8 37.3 37.9 23.3 23.4 95.3 89.9
Minimum 0.408 0.408 6.5 7.0 26.8 26.9 18.4 16.9 76.7 64.4
Maximum 0.873 0.873 14.8 14.2 57.8 53.0 38.0 29.2 129.6 .1117
LSD (5%) 0.104 0.105 1.54 1.24 6.34 5.41 3.59 2.71 10.9 11.3
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Table 6. Means and changes (%) of the studied tiraitvheat genotypes under non-stress and stresiions

Trait o oS D9 A S (20y0) Sy

Non-stress Drought stress  Changes (%)
Grain yield (kg.h&) ails o Shas 5436 3956 -27.2
No. of grains.spiké alein o ails slaw 44.8 35.1 216
1000-grain weight (g) als 5o o3 41.1 34.5 -15.9
Spike yield (g) a0 Slas 1.83 1.20 -34.5
Biomass (g.plant) ooboges 5.67 3.97 -30.0
Harvest index (%) cuils  Lasls 32.3 30.3 -6.13
Peduncle maximum weight (g) ISl (59 S8l 0.599 0.598 -0.15
Spike length (cm) aliw Jsb 10.0 9.83 -1.37
Peduncle length (cm) ISl Jobo 37.3 37.9 1.47
Penultimate length (cm) ool Jobo 233 23.4 0.20
Plant height (cm) o5 glas )| 95.3 89.9 -5.64
G 5 Cmte (Simnan oS el )| Ly ISl 99 2 S35 (89,5 YA o5 Sy Job L 5

Yazol i elis)| b olbowiss onlply wd oualiv

(A Jg92) cils wialss (6 i IS5y Job
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Slr i e Gl (oisy o ye (G (nl
Sy GywS laie g MP g GMP STI sloasls
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Table 7. Tolerance and susceptibility indices f@igyield in wheat genotypes

Lilyd poSlee poaSlee Conlis als Joxs asls oSle a5l Sl Sila

Gomotype SO gkl e e e Jew oske Sl
Yp (kg.had) Ys (kg.ha)  SSI ST _GMP___TOL _ MP HMP
1 6320 3977 1362 0851 5014 2343 5149 4882
2 6146 3750 1432 0.780 4801 2396 4948 4658
3 4819 1874 2244 0306 3006 2045 3347 2699
4 4681 3462 0.956 0548 4026 1219 4072 3980
5 5250 4252 0.698 0.755 4724 998 4751 4698
6 5190 4662 0.374 0.819 4919 528 4926 4912
7 5607 4357 0.819 0.827 4943 1250 4982 4904
8 6250 3608 1.553 0.763 4749 2642 4929 4575
9 5328 3037 1579 0548 4023 2200 4182 3869
10 6013 4223 1.093 0859 5039 1790 5118 4961
11 5108 3715 1.002 0.642 4356 1303 4412 4302
12 5954 3621 1.439 0.730 4643 2333 4787 4503
13 5550 4852 0.462 0.911 5189 698 5201 5177
14 6250 4367 1.107 0.924 5224 1883 5309 5141
15 6488 3830 1.505 0.841 4985 2658 5159 4816
16 6902 4696 1.174 1.097 5693 2206 5799 5589
17 5285 4380 0.629 0.783 4811 905 4832 4790
18 5234 3205 1424 0568 4096 2029 4219 3975
19 5397 4218 0.802 0.770 4771 1179 4807 4735
20 4545 4206 0274 0647 4372 340 4375 4369
21 6386 3635 1582 0786 4818 2752 5011 4633
22 7603 3921 1.779 1.009 5460 3682 5762 5174
23 5188 4520 0.473 0.794 4842 668 4854 4831
24 5433 3901 1.036 0.717 4604 1533 4667 4541
25 4799 3989 0.621 0.648 4375 811 4394 4357
26 6149 4034 1263 0.839 4981 2114 5092 4872
27 4729 3991 0.573 0.639 4345 738 4360 4329
28 5626 4620 0.657 0.880 5008 1006 5123 5074
29 6465 4914 0.881 1075 5636 1551 5689 5583
30 5171 3470 1.208 0.607 4236 1701 4321 4153
31 4716 3618 0.855 0.577 4131 1098 4167 4095
32 5481 4450 0.691 0.825 4938 1031 4965 4912
33 4924 2925 1.491 0.487 3795 1999 3924 3670
34 4911 2303 1.883 0308 3428 2519 3652 3218
35 4917 4138 0.582 0.689 4511 779 4528 4494
36 7405 5005 1.146 1277 6142 2310 6250 6036
37 4893 4249 0.483 0.704 4560 644 4571 4549
38 5165 3795 0.974 0.663 4427 1370 4480 4375
39 5048 4813 0.171 0.822 4929 235 4931 4928
40 5413 4091 0.897 0.749 4706 1322 4752 4660
41 6198 3984 1.312 0.836 4969 2214 5091 4850
42 5408 4770 0.433 0873 5079 638 5080 5069
43 4845 3684 0.881 0.604 4225 1162 4265 4186
44 4278 3821 0.303 0553 4043 458 4049 4036
45 5542 3720 1207 0698 4540 1822 4631 4452
46 4288 2580 1.463 0.374 3326 1707 3434 3222
47 4191 3506 0.601 0.497 3833 686 3848 3818
48 4322 3647 0.574 0.533 3970 675 3985 3956
49 4204 3308 0.783 0.471 3730 896 3756 3703
50 6619 4352 1.258 0.975 5367 2267 5485 5251
51 5455 4788 0.449 0.884 5111 667 5121 5100
52 4650 2789 1.470 0439 3601 1861 3710 3487
53 4402 4221 0.151 0620 4310 180 4311 4310
54 5826 5419 0.257 1.068 5619 407 5622 5615
55 5190 4591 0.424 0.806 4881 599 4890 4872
56 6235 3484 1.621 0.735 4661 2752 4860 4470
Mean 5436 3956 0.972 0.734 4618 1480 4696 4543
Minimum 4191 1874 0.151 0306 3006 180 3347 2609

Maximum 7603 5419 2.224 1.277 6142 3682 6250 6036
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Table 8. Simple correlation coefficients betweeffedent traits in wheat genotypes under non-stagssstress conditions
e Gl Ll o olee ol ey abiwogle fj‘ S B e g s > ILJ ij’
Traits Experimental ~ Grain No. of 1000-grain  Spike Biom;ss ” Mmaximum Spike Peduncle _ 7 -
conditions yield  grains.spiké  weight yield Harvest ; length  length Penultimate
index weight length
Al o als slows Non-stress 0.06 1
No. of grains.spike Drought stress  -0.21
als 58 o3 Non-stress 0.33 -0.09 1
1000-grain weight Drought stress 0.44" -0.32
bl 5 Slos Non-stress 0.30 0.64 0.70° 1
Spike yield Drought stress  0.22 0.53 0.62"
oologes Non-stress 0.34 -0.01 0.23 0.19
Biomass Drought stress  0.23 -0.14 0.41 0.24
cailsy Lasls Non-stress 0.10 0.57 0.51" 0.79° -0.44" 1
Harvest index Drought stress  0.06 0.61 0.35" 0.82 -0.34"
US55 iSTas Non-stress -0.23 0.15 -0.14 0.00 0.30 -0.19 .
Peduncle maximum weight Drought stress  -0.21 0.11 -0.16 -0.05 0.13 -0.13
alw Job Non-stress 0.03 0.12 0.03 0.12 0.10 0.01 0.07 1
Spike length Drought stress  -0.04 0.03 -0.12 -0.05 -0.11 -0.03 -0.06
ISy Jsbo Non-stress -0.17 0.22 -039  -0.17 0.22 -0.29 0.33 0.18
Peduncle length Drought stress  -0.16 0.17 -0.38 -0.22 0.08 -0.27 0.25 0.24
AT e o Slee s Non-stress  -0.27 0.15 -0.18 -0.01 0.03 -0.06 0.16 0.28 0.32 1
Penultimate length Drought stress -0.33 0.17 -0.36 -0.16 -0.12 -0.09 0.21 0.34 0.31
oLS gl )| Non-stress -0.32 0.12 -0.36 -0.20 -0.05 -0.18 0.14 0.06 0762 0.43"
Plant height Drought stress  -0.05 0.12 -0.24 -0.13 0.09 -0.20 0.18 0.40 0.64 0.35

" and™: Significant at 5% and 1% probability levels, respest .

TN 90 Jlis) mhaw (5 s sine oSS 4
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Table 9. Correlation coefficient among grain yiettt drought tolerance and susceptibility indiceseun
non-stress and drought stress conditions

cod o Shes cov o ,Shes Gl a3ls e asls .Sl sl el

Index OE ogn lalpd s s oM @ O (s Jo o Sles
Yp Ys SSI STI GMP TOL MP
O bl s o Slee 0.38" 1
Ys
G5 & Sl 231 0,407 -0.68" 1
SSi
O 4 Jozd ezl 0.81" 0.85 -0.20 1
STI
i (55 0.79" 0.87" -0.24 1.00 1
GMP
Jozs el 0.64" -0.46" 0.95 0.07 0.04 1
TOL
9 ,Sdos Sk 0.86" 0.80" -0.12 0.99 0.99 0.16 1
MP
Sige)le (eSils 0.72 0.91" -0.34 0.98" 0.99 -0.07 0.97
HMP
" and™: Significant at 5% and 1% probability levels, respest . TN 510 il mhaw )5 o gime eSS 4 g
References

Abdoli, M. and Saeidi, M. 2012.Using different indices for selection of resistarteat cultivars to
post anthesis water deficit in the west of Irannals of Biological Researclt8 (3): 1322-1333.

Abdoli, M. and Saeidi, M. 2013.Evaluation of water deficiency at the post anthesid source
limitation during grain filling on grain yield, yid formation, some morphological and
phonological traits and gas exchange of bread wtidavars.Albanian Journal of Agricultural
Sciencesl2 (2): 255-265

Aghaee-Sarbarzeh, M. and Rostaee, M. 200Bvaluation of advanced bread wheat genotypes under
drought stress in moderate and cold area. Proagedind" Iranian Congress of Crop Sciences.
18-20 Aug. 2008, Karaj, Iran. (In Persian).

Amiri, R., Bahraminejad, B. and Sasani, S. 2013Evaluation of genetic diversity of bread wheat
genotypes based on physiological traits in norsstead terminal drought stress conditid@ereal
Research2 (4): 289-305. (In Persian with English Abstract)

Ashkani, J., Pakniyat, H. and Ghotbi, V. 2007Genetic evaluation of several physiological tr&ts
screening of suitable spring safflower genotypedeurstress and non-stress irrigation regimes.
Pakistan Journal of Biology Sciencd0 (14): 2320-2326.

Blum, A. 1998.Improving wheat grain filling under stress by stegserve mobilizationEuphytica
100: 77-83.

Blum, A., Golan, G., Mayer, J., Sinmena, B., ShpiteL. and Burra, J. 1989. The drought response
of landraces of wheat from the Northern Negev Diesfeisrael. Euphytica 43: 87-96.

Debaeke, P. and Abdellah, A. 2004Adaptation of crop management to water-limitediemments.
European Journal of Agronomy 21: 433-446.

Ehdaie, B., Alloush, G. A., Madore, M. A. and Wains, J. G. 2006aGenotypic variation for stem
reserves and mobilization in wheat. |: Post anghelsanges in internode dry matt€rop Science
46: 735-746.

Ehdaie, B., Alloush, G. A., Madore, M. A. and Wains, J. G. 2006bGenotypic variation for stem
reserves and mobilization in wheat. Il: Post aritheshanges in internode water-soluble
carbohydrateCrop Science46: 2093-2103.



YWAF Gl Ip,lez o leds fpomiy 0,90 /e Olabos Jad )>’1 i |l cod pgy90 9 U pasS slocuiss £455

Ercoli, L., Lulli, L., Mariotti, M., Masoni A. and Arduini, I. 2007. Post-anthesis dry matter and
nitrogen dynamics in durum wheat as affected byogén supply and soil water availability.
European Journal of Agronomy 28: 138-147.

FAO. 2010. Food and Agriculture Organization. Statistics: FBAT agriculture. Retrieved
November, 2010. From http://fao.org/crop/statistics

Farshadfar, E., Jamshidi, B. and Aghaee, M. 2013Biplot analysis of drought tolerance indicators
in bread wheat lanraces of Irdnternational Journal of Agriculture and Crop Sciences4 (5):
226-233.

Farshadfar, E., Zamani, M., Matlabi, M. and Emam-Jame, E. 2001.Selection for drought
resistance in chickpea lindsanian Journal of Agriculture and Crop Sciences32 (1): 65-77. (In
Persian with English Abstract).

Fernandez, G. C. J. 1992Effective selection criteria for assessing pldréss tolerance. Proceeding
of International Symposium, 13-18 Aug., Taiwan. pp7-270.

Fischer, R. A. and Maurer, R. 1978.Drought resistance in spring wheat cultivars. fai@ yield
responsesAustralian Journal of Agriculture Research 29: 897-912.

Gallagher, E. J. 1984 Cereal production. Butterworths. 354 Pages.

Golabadi, M. and Ghandi, A. 2012 Effect of extra nitrogen fertilizer on reductiohdrought stress.
Cereal Researchl (1): 25-37. (In Persian with English Abstract).

Gravandi, M., Farshadfar, A. and Kabhrizi, D. 2011.Evaluation of drought tolerance in bread wheat
advanced genotypes in field and laboratory comiti8eed and Plant26: 252-233. (In Persian
with English Abstract).

Heidari Sharifabad, H. 2008.Drought mitigation strategies for the agricultgextor. Proceeding of
10" Iranian Congress of Crop Sciences. 18-20 Aug. 2R88&aj, Iran. (In Persian).

Izaddoost, H., Samizadeh, H., Rabiei, B. and Abdalhi, S. 2013 Evaluation of salt tolerance in rice
(Oryza sativa L.) cultivars and lines with emphasis on strederémce indicesCereal Research
3 (3): 167-180. (In Persian with English Abstract).

Johnson, R. C., Witters, R. E. and Ciha, A. J. 198Daily patterns of apparent photosynthesis and
evapotranspiration in developing winter wheat céagronomy Journal 73: 414-418.

Khodarahmpour, Z., Choukan, R., Bihamta, M. R. andMajidi Hervan, E. 2009. Evaluation of
response of maiz&¢a mays L.) inbred lines to heat stress under Khuzestawlitions using stress
tolerance indiceslranian Journal of Crop Sciences1l (1): 40-54. (In Persian with English
Abstract).

Martinez, D. E., Luquez, V. M., Bartoli, C. G. and Guiamét, J. J. 2003.Persistence of
photosynthetic components and photochemical effigien ears of water-stressed whegit{cum
aestivum). Plant Physiology119: 1-7.

Mitra, J. 2001. Genetics and genetic improvement of drought rascgt in crop plantCurrent
Science80: 758-763.

Naderi, A., Majidi-Harvan, 1., Hashemi-Dezfoli, A., Rezaee, A. and Normohamadi, G. 1999.
Analysis of efficiency of drought tolerance indidascrop plants and introduction of new criteria.
Seed and Plantl5: 390-402. (In Persian with English Abstract).

Pandy, R. K., Maronville, J. W. and Admou, A. 2001.Tropical wheat response to irrigation and
nitrogen in a Sahelian environment. I: Grain yiglékld components and water use efficiency.
European Journal of Agronomy 15: 93-105.

Pantuwan, G., Fukai, S., Cooper, M., Rajatasereekis. and Toole, J. C. O. 2002(ield response
of rice Oriza sativa L.) genotypes to different types of drought undenfed lowlands. I: Grain
yield and yield componentBied Crops Researctv3: 153-168.

Reynolds, M., Foulkes, M. J., Slafer, G. A., BerryP., Parry, M. A. J., Snape, J. W. and Angus,
W. J. 2009.Raising yield potential in wheatournal of Experimental Botany 60: 1899-1918.

Richards, R. A., Condon, A. G. and Robetzke, G. J2002. Traits to improve yield in dry
environments. In: Reynolds, M. P., Ortiz-Monastedol. and McNab, A. (Eds.). Application of
physiology in wheat breeding. Mexico. D. F. CIMMYfip: 88-100.




\Yaf¥ ulMAA) /f)LQ> a)Lo..fC: /[v.z.u o)so/ﬁf)u: Olasss u‘)mﬁéw

Rivero, R. M., Shulaev, V. and Blumwald, E. 2009Cytokinin-dependent photorespiration and the
protection of photosynthesis during water defielant Physiology150: 1530-1540.

Roostaei, M., Sadeghzadeh, D., Esmailzadeh, H. aAdshad, Y. 2003.Assessment to relationships
of yield related traits in dry conditions using ti@c analysis methodElectronic Journal of
Agricultural Science 13: 1-10. (In Persian with English Abstract).

Rosielle, A. T. and Hamblin, J. 1981Theoretical aspect of selection for yield in stread non-stress
environmentCrop Science21: 493-498.

Royo, C., Miloudi, M. M., Fonze, N. D., Arraus, J.L., Pfeiffer, W. H. and Slafer, G. A. 2005.
Durum wheat breeding current approaches and fstuagegies. Vol 1. Food Product Press.

Saeidi, M., Abdoli, M., Azhand, M. and Khas-Amiri, M. 2013. Evaluation of drought resistance of
barley Hordeum wulgare L.) cultivars using agronomic characteristics atrdught tolerance
indices.Albanian Journal of Agricultural Sciences12 (4): 545-554.

Saeidi, M., Moradi, F., Ahmadi, A., Sepehri, R., Ngfian, G. and Shabani, A. 2010The effects of
terminal water stress on physiological characiessind sink-source relations in two bread wheat
(Triticum aestivum L.) cultivars.Iranian Journal of Crop Sciences12 (4): 392-408. (In Persian
with English Abstract).

Siose-Mardeh, A., Ahmadi, A., Poustini, K. and Mohanmadi, V. 2006. Evaluation of drought
tolerance indices under various environmental dmndi. Field Crops Research98: 222-229.
(In Persian with English Abstract).

Talebi, R., Fayaz, F. and Naji, A. M. 2009Effective selection criteria for assessing drousthess
tolerance in durum wheafjiticum durum Desf.). General and Applied Plant Physiology35:
64-74.

Trethowan, R. M. and Reynolds, M. 2007Drought resistance: Genetic approaches for impgpvi
productivity under stress. In: Buck H. T., Nisi,El.and Salomon, N. (Eds.). Wheat production in
stressed environments. Springer, Netherlands.§§229.

Valizadeh, M., Mahmoodian, Z., Mohammadzadeh JalalyH., Ghafari A. and Roostaei, M.
2012.Response of advanced winter wheat genotypes tmbtestress using agronomic traits and
protein patternsCereal Researchl (1): 11-24. (In Persian with English Abstract).

Van Ginkel, M., Calhoun, D. S., Gebeyehu, G., Mirada, A., Tianyou, C., Pargas Lara, R.,
Trethwan, R. M., Sayre, K., Crossa, J. and RajaramS. 1998.Plant traits related to yield of
wheat in early, late and continuos drought cond#idn Braun, H. J., Altay, F., Koronstad, W. E.,
Beniwal, S. P. S. and McNab, A. (Eds.). Wheat: peots for global improvement. Kluwer
Academic Publishers, The Netherlands. pp: 167-179.

Yang, J. and Zang, J. 2006Grain filling of cereals under soil dryindNew Phytologist 169:
223-236.

Zarei, L. 2007.Evaluation of physiological index related to drbtignd adaptation in wheafr{ticum
aestivum L.). M. Sc Dissertation, University of Razi, Kernshah, Iran. (In Persian).



@ Cereal Research

University of Guilan Vol. 5, No. 4, Winter 2016 (353-369)

Faculty of Agricultural
Sciences

Evaluation of genetic diversity of bread and durumwheat genotypes based
on agronomy traits and some morphological traits imon-stress and
terminal drought stress conditions

Mohsen Saeidi", Majid Abdoli 2, Mehdi Shafiei-Abnavi#, Mahrokh Mohammadi“ and
Zahra Eskandari-Ghaleh*

Received: July 19, 2014 Accepted: December2015

Abstract

To evaluate the genetic diversity and the effedeahinal drought stress on grain yield and some
morphological traits of wheat, an experiment wasdemted using 56 wheat genotypes in a latis (7x8)
with three replications under normal and termin@ught stress conditions in research farm of the
Campus of Agriculture and Natural Resources, Razvéisity, Kermanshah, Iran, in 2010-2011
cropping season. The result of combined analysigadfince indicated high significant differences
among genotypes for all studied traits includingigryield, number of grain per spike, 1000-grain
weight, spike yield, biomass, harvest index anchipheeight. Terminal drought stress reduced 34.5%
of spike yield, 30% of biomass, 27.2% of grain ¢j21.6% of number of grains per spike, 15.9% of
1000-grain weight, 6.13% of harvest index, 5.64%laht height and 0.15% of peduncle weight, but
it increased 1.47% and 0.20% of peduncle and peratk internode length, respectively. There were
high negative significant correlation between grgield and penultimate internode length and also
between biomass and harvest index under both messsaind drougth stress conditions, whereas
correlation between number of grain per spike aaddst index and between plant height and spike
length was highly positive significant. The cort@a analysis among grain yield under non-stresk an
terminal drought stress conditions with differertiught tolerance indices showed that stress tateran
index (STI), mean productivity (MP) and geometricean productivity (GMP) indices were
appropriate indicators to identify the high graiielg genotypes. On the basis of these indicators,
Moghan-1, Navid, Golestan, Darab-2 and Marvdashotypes had the highest grain yield under both
experimental conditions.
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