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Table 1. Pedigeree of the studied genotypes

T osled SS9

No. of genotyper Genotype
1 Chamran
2 Shiroodi
3 SERI/RAYON
4 LOCAL CHECK
5 KAMBARA1
6 CS/TH.SC//3*PVN/3/MIRLO/BUC/4/MILAN/S/TILHI
7 ATTILA/3*BCN//BAV92/3/PASTOR
8 KAUZ/ISTAR/LUCO-M/3/TEVEE'S/SHUHA'S'/4/ATENA-1
9 PASTOR/TUKURU//METSO
10 GIZA-164/YEBROUD-1
11 CHAM-8/ITEVEE'S/KAUZ'S'/3/SERI 82/SHUHA'S'
12 W181/Kauz//Skauz/3/Chamran/4/Star
13 BAU/KAUZ//IPASTOR
14 Alvd//Aldan/las/3/P101/Anza//1-66-49
15 Alborz/5/K62909/4/Cno//K58/Tob/3/Wa/5/Chen...
16 CHAM-6/4/SISSONAIS/DEPRES//CAL/HU/3/ALD"S"
17 Alvd//Aldan"s"/las58/4/kal/Bb//Cj"s"/3/Hork"s"
18 Darab#2/3/WL181/Kauz//Skauz/3/Star
19 Kauz*2/Opata//Kauz/3/W181/Kauz//Skauz
20 PASTOR/3/BJY/COC//PRL/BOW
21 TARRO-3
22 ZHONG ZUO/2*GREEN-3(D-79-15)
23 BOW"S"/CM34796/SNB/...
24 LINE3 FROM DARAB
25 CHAM-6/4/SISSONAIS/DEPRES//CAL/HU/3/ALD"S"
26 PASTOR/3/KAUZ*2/OPATA//KAUZ
27 1-66-54//Avd/Coc/3/Mgn1/4/Tjn
28 Chenab/2/Attila/Bcn
29 Chen/E\Aegilops Squarrosa (Taus)//Bcn/3/Vee#7..
30 Vee/Nac//Suwoon220/3/Darab#2
31 PFAU/WEAVER//KIRITATI
32 WAXWING/KIRITATI
33 WBLL1*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ
34 PASTOR/3/KAUZ*2/OPATA//KAUZ
35 INQALAB91*2/KUKUN
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Table 2. Analysis of variance of canopy tempera(@E) from heading to physiological maturity stagesier
normal and terminal drought stress conditions
Mean squares wlu,s Sk

Sy Ao 50 25l les

Ol s aslio &olyl ax o _ _ ‘ _
Sourceof variation df N A o o physiological
CT at heading stage CT at dough stage .
maturity
e
S 2 0.544° 5.07Ts 12.390°
Replication (R)
A) s LT
) s 1 46.014° 24.754° 342.78°
Irrigation (A)
Tx S5
&kl x 1,85 2 3.22 3.640 33.249
R x A
9 34 1.97" 2.964" 10.70°
Genotype (B)
w95 x Sl 34 0.591s 0.749 5.56"*
AxB
olejl slas 136 0.885 1.448 2.58
Error
(3059) Sl 35 8.79 13.13 25.79
CV (%)
* NS

/\s/a JLQ_‘;_>|@a.w)a)b‘s;aﬁs)bwﬁ_é%;d%:%ms
ns " and™: Not-significant and significant at 5% and 1% pabliity levels, respectively.

@l (Sas 15 5 Jloy @)lal Ll pd cow ails 5,Skee glizl 5 0 Shos (uilyly 452 =Y Jgaz
Table 3. Analysis of variance for yield and its gmments under normal and terminal drought stresditions
Mean squares olu o Sk

azx o
Slyess mlio S alow sl olass ails e oy
el T 52 0 il O SRRV
Source of variation .’ No. of grain per 1000-grain w93 o s O 250
df ) . Grainyield Harvestindex Biological yield
spike weight
Replié;\;t;on ® 2 77.17s 1.189%  1438760.62°  3.992% 155942 55
Ay L] . ,
Irri(g;ti“:n"' » 1 585.00 152.235 55851547.66  689.79 1437574.4
T X 5
6"; . i’s‘ 2 27.43 2088  695829.14 6.852 8063.54
Gen:;ge ) 34 166.36" 125.908°  978441.31 79.41" 37381.17
““‘Z)x “B”L’*' 34 42.645 0.1865  596810.28% 19.82s 14306.2
bl sllas
o 136 34.22 13.43 584444.13 25.44 20.913.49
(““P(’:\'“'/"Z;j‘")*““’é 11.72 12.37 18.31 13.15 13.33
0
# NS

/\s/a JLQ_‘;_>|@a.w)a)b‘s;aﬁs)bwﬁ_é%;d%:%ms
"s, " and™: Not-significant and significant at 5% and 1% pabliity levels, respectively.
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Table 4. Mean comparisons of the genotypes formatemperature (CT) from heading to physiological
maturity stages under normal and drought stresdittons

kS Al e o LglS sles

6)-‘-"-" 4.1.’>).o)$ L5'5‘15 Lgl.a.)

Sy Ao 50 255 les

CT at heading stage
T -

CT at dough stage

CT at physiological maturity

L] OeSilee L] OeSilee TS OeSilee
Genotypé Mean C) Genotype Mean C) Genotype Mean C)
8 11.60 A 10 10.20 A 35 14.16 A
15 11.57 A 24 10.18 A 19 9.67B
7 11.52 A 8 10.00 AB 9 9.55 BC
24 11.47 A 20 9.92 AB 7 9.28 BCD
25 11.47 A 7 9.90 AB 25 9.05 BCD
20 11.25 AB 18 9.88 AB 16 9.00 BCD
16 11.22 AB 16 9.83 AB 8 8.87 B-E
3 11.13 ABC 13 9.75 AB 14 8.77 B-E
18 11.10 ABC 14 9.65 AB 12 8.73 B-E
12 11.07 ABC 25 9.62 AB 24 8.67 B-E
14 11.05 ABC 9 9.50 AB 23 8.53 B-E
10 11.05 ABC 28 9.48 AB 30 8.52 B-E
9 10.98 ABC 30 9.48 AB 18 8.43 B-E
13 10.95 ABC 12 9.43 ABC 2 8.40 B-E
1 10.95 ABC 2 9.40 ABC 15 8.38 B-E
28 10.93 A-D 3 9.38 ABC 1 8.35 B-E
30 10.90 A-D 1 9.37 ABC 3 8.30 B-E
31 10.88 A-D 15 9.35 ABC 27 8.23 B-E
21 10.80 A-D 11 9.18 ABC 32 8.23 B-E
19 10.77 A-D 33 9.17 ABC 11 8.22 B-E
5 10.77 A-D 6 9.15 ABC 6 8.22 B-E
11 10.72 A-E 19 9.10 A-D 5 8.18 B-E
33 10.67 A-E 35 9.05 A-D 4 8.12 B-E
29 10.63 A-E 21 9.03 A-D 29 8.07 B-E
17 10.62 A-E 17 8.97 A-E 34 8.03 B-E
35 10.58 A-E 5 8.78 A-E 20 7.97 B-E
2 10.43 A-E 31 8.72 A-E 10 7.84 B-E
27 10.28 A-E 23 8.70 A-E 26 7.48 B-E
26 10.10 B-E 29 8.68 A-E 28 7.23 B-E
22 10.05 B-E 4 8.62 A-E 17 7.15 B-E
6 10.02 B-E 27 8.48 A-E 22 7.12 B-E
23 9.97 B-E 26 8.28 B-E 13 7.02 B-E
4 9.83 CDE 32 7.73 CDE 21 6.55 CDE
32 9.83 CDE 34 7.45 DE 31 6.27 DE
34 9.58 E 22 7.38 E 33 5.87 E

- Number of genotypes are shown in Table 1.

ol o 4l ) oz 55 aigiy ojlads

55105 70 Jlexal mhaw 50 (Sols 9051 L5 51 (o sime Dol o it By So sl sloSilea
Means followed by a same letter are not signifilyadifferent by Duncan’s test at 5% probability v
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Table 5. Mean comparisons of the genotypes fodyaed its components under normal and droughtsstres

conditions
als o,Slas als )l]‘? ©29 . 0395 Cansd Cubls p sl Al o als slaws
- 1000-grain weight . . . .
Grain yield (g.plot) ) Biomass (g.plot) Harvest index No. of grain.spiké
o) 0Sle s oSk oyl oSl weis) oSl ooy oeSke
Genotypé Mean Genotype Mean Genotype Mean  Genotype Mean  Genotype Mean
16 1538.7A 14 43.80 A 20 1231.7 A 2 0.40 A 21 62.32 A
14 1498.2 AB 6 42.21 A 10 1210.0 AB 33 0.38 AB 31 60.34 AB
25 1468.1 ABC 7 37.80 AB 8 1187.5ABC 7 0.37 ABC 8 59.97 ABC
18 1444.9 A-D 2 34.53 BC 16 1185.0 A-D 14 0.36 A-D 28 57.39 A-D
24 1433.0 A-E 34 33.60 BCD 1 1163.3 A-E 34 0.36 A-D 30 56.90 A-E
33 1426.4 A-E 29 33.47 B-E 18 1160.8 A-E 32 0.36 A-D 23 56.83 A-E
8 1421.1 A-E 33 33.20 B-E 17 1160.0 A-E 16 0.36 A-D 1 53.04 B-F
20 1395.0 A-E 3 32.20 C-F 25 1155.8 A-E 3 0.36 A-D 26 52.86 B-G
3 1388.9 A-E 15 31.60 C-G 24 1151.7 A-E 18 0.35 A-F 10 52.58 C-H
1 1371.0 A-E 4 31.33C-D 9 1147.5 A-F 19 0.35 A-F 18 52.34 C-H
7 1355.7 A-E 22 31.13C-G 30 1147.5 A-F 25 0.35 A-F 20 52.04 D-H
19 1320.7 A-F 13 30.73 C-H 29 1135.8 A-F 35 0.35 A-F 4 51.37 D-H
15 1307.7 A-F 25 30.60 C-I 3 1116.7 A-F 4 0.35 A-F 32 50.81 D-I
2 1297.4 A-G 12 30.40 C-I 14 1116.7 A-F 1 0.35 A-F 15 50.32 D-I
3 1280.9 A-G 8 30.20 C-I 15 1115.0 A-F 29 0.35 A-F 12 50.30 D-I
13 1277.8 A-G 16 30.13 C-I 7 1100.8 A-F 6 0.34 B-J 33 49.76 D-|
21 1269.5 A-G 24 29.73 C-J 4 1095.8 A-F 24 0.34 B-J 5 49.62 D-I
4 1258.6 A-G 35 29.07 D-K 19 1085.8 A-F 21 0.34 B-J 27 48.87 D-I
17 1258.6 B-H 5 29.00 D-K 5 1080.8 A-F 28 0.34 B-J 19 48.76 D-I
28 1221.8 B-H 19 28.93 D-K 31 1078.3 A-F 13 0.33 C-J 17 48.29 E-J
34 1200.5 B-H 20 28.73 D-K 33 1067.5 A-F 8 0.32 D-K 16 48.05 E-J
9 1198.8 B-H 32 28.73 D-K 13 1056.7 A-F 12 0.32 D-K 13 47.79 F-J
29 1196.6 B-H 9 28.53 D-K 21 1051.7 A-F 20 0.31 E-L 3 47.72 F-J
12 1187.7 C-H 1 28.33 D-K 23 1041.7 A-F 22 0.31 E-L 9 47.54 F-J
32 1175.1 C-H 18 27.33 F-K 2 1039.2 A-F 5 0.31 E-L 11 4751 F-J
10 1166.5 C-H 17 27.20 F-K 11 1035.8 A-F 30 0.30 F-L 24 47.01 F-J
5 1152.9 D-I 26 26.73 G-K 12 1026.7 A-F 26 0.30 F-L 34 46.38 F-J
6 1139.0 E-I 21 2567 H-L 28 1016.7 A-F 15 0.29 G-M 2 45.84 F-J
35 1106.8 F-I 10 25.47 I-L 26 1011.7 A-F 17 0.29 G-M 25 45.44 F-J
11 1086.2 GHI 27 24.80 JKL 6 993.3 C-G 9 0.29 G-M 22 45.00 F-J
31 1048.9 HI 28 24.53 KL 35 985.8 C-G 27 0.29 G-M 14 44.54 G-J
23 1034.0 HI 30 24.47 KL 32 976.7 D-G 11 0.28H-M 9 2 44.34 HIJ
26 1032.8 HI 11 24.07 KL 34 958.3 EFG 10 0.26 LM 7 43.031J
22 1031.4 HI 23 22.60L 22 943.3 FG 23 0.26 LM 6 .840]
27 867.6 | 31 22.07 L 27 9258 G 31 0.25 M 35 0.786 J

T: Number of genotypes are shown in Table 1. ol 0 4l ) oz 55 aigiy ojlads

5,105 70 el mhas 50 Sl ge3T i 51 5 lo sme Siglas oS i By S glyls sl Silee
Means followed by a same letter are not signifilyadifferent by Duncan’s test at 5% probability v

slesy; WY sl o a5 STI 3 GMP MP
W05 (B Jorie Slacas; pleie 4]y (S e
G o sl sl pleebl BB Wl
i 3w s Ve (Sad ay Jeod Bl g
boasls 51 o e bl p (G V) bacassss
A YF oleds clacaisy Yo obol 5 wias bl
e VL gl i 4 Yeg VF S XY YD
Slosl wuiy 4 Ys bl p a5 b o sy,
s yige Vg ¥ ¥ Y0 DA O OF ol
YF YA o,les slocwisis TOL asli ulul p.aiog
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o9t 5 A5 Lalyd 9o s cod YU o Shee iy b
Soarls ol CBl (Jlie )5 05b 003 25
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Table 6. Evaluating of drought tolerance indicethim studied genotypes

T

FEI Yp Ys TOL MP GMP STI SSl
Genotypé
1 5140 4000 1141 4570 4534 0.93 1.01
2 4533 4117 416 4325 4320 0.85 0.42
3 5071 4188 883 4630 4609 0.97 0.79
4 4519 3872 647 4195 4183 0.80 0.65
5 4398 3288 1109 3843 3803 0.66 1.15
6 4197 3396 801 3797 3775 0.65 0.87
7 4986 4052 933 4519 4495 0.92 0.85
8 5596 3877 1719 4737 4658 0.99 1.39
9 4442 3550 892 3996 3971 0.72 0.91
10 4509 3268 1242 3888 3839 0.67 1.25
11 4220 3021 1199 3621 3571 0.58 1.29
12 4339 3579 760 3959 3941 0.71 0.80
13 4736 3755 1008 4259 4229 0.81 0.96
14 5534 4454 1080 4994 4965 1.12 0.89
15 4917 3800 1117 4359 4323 0.85 1.03
16 5574 4684 890 5129 5110 1.19 0.73
17 4646 3595 1051 4121 4078 0.76 1.03
18 5358 4275 1082 4816 4786 1.04 0.92
19 5051 3754 1297 4402 4354 0.86 1.17
20 5455 3845 1610 4650 4580 0.95 1.34
21 4772 3691 1080 4232 4197 0.80 1.03
22 3884 2992 892 3438 3409 0.53 1.04
23 3887 3006 882 3447 3418 0.53 1.03
24 5835 3719 2116 4777 4658 0.99 1.65
25 5582 4205 1377 4894 4845 1.07 1.12
26 3620 3265 355 3443 3438 0.54 0.44
27 3096 2688 409 2892 2885 0.38 0.60
28 4591 3554 1037 4073 4040 0.74 1.03
29 4151 3826 325 3989 3985 0.72 0.36
30 4815 3724 1091 4270 4235 0.81 1.03
31 4070 2922 1147 3496 3449 0.54 1.28
32 4558 3276 1282 3917 3864 0.68 1.28
33 5575 3934 1641 4755 4683 1.00 1.34
34 4439 3564 875 4002 3987 0.72 0.89
35 4062 3316 746 3689 3670 0.61 0.83

ol TOL ( Sas o byl s cou ails o ,Slee YS (i a0 Lyl co il o ,Shoe YP sl oo 4l ) g 5o lacadgi) o Lo T
- Number of genotypes are shown in Table 1. Ypingyld under non-stress; Ys, grain yield undesugyht

stress; TOL, tolerance index; MP, mean productv@ P, geometric mean productivity; STI, streseitahce
index; SSI, stress susceptibility index.
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Table 7. Correlation coefficients among toleranmides and grain yield under normal and droughtitmms

T

S Yp Ys TOL MP GMP STI ss|
Index'

Yp 1

Ys 0.807 1

TOL 0713 0.16" 1

MP 0.96' 0.93' 0.50" 1

GMP 0.95 0.94° 0.47" 0.99° 1

STI 0.95' 0.94° 0.46° 0.99° 0.99° 1

ss| 0.45 -0.14* 0.93' 0.21 0.18¢ 0.17 1

TN Jlial o jo o some g o sire pf cud 4 g ns

GMP (50 40 bawssie MP (oo asls TOL (St 255 Lyl s cow ails o Shoe VS (25 oei baulyd cos ails 5,8kes YP o
G s Carla a3ls SSI it 4 Joss asls ST (5550 0 (owiin Sl
nsand™: Not-significant and significant at 1% probabillgrels, respectively.

T Yp, grain yield under non-stress; Ys, grain yieldder drought stress; TOL, tolerance index; MPame
productivity; GMP, geometric mean productivity; S$tress tolerance index; SSI, stress suscepfibilitex.

OVl aS YO g A TF lacaied) (il ey Layll
o g 0 o ¥V lead, o cud i a wadl |y o Sles
YA 5 VY O F Glacaisy (oll Sas s bl s
cleas, o cui i 4y wisly las |y o Slee o YL a5
S glee 4 088 sles Lials jlas l eolau] a5
bl Cuz Wl oo g pSolail o YU ceps b jlas
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O 58 G5 4 Jood lagalh (ow)p Bl sude
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0,8 Byre (SiS 4 e lacads ol «
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Table 8. Correlation coefficients among grain yiefdler normal and drought stress and canopy tetypera
(CT) recorded at heading, dough and physiologicaiunity

Cao @Agd}ﬁ)o&yudbo dwwﬁ)a@yl.?dua L;W)d}ﬁ)o&sjlfduo
Trait CT at heading stage CT atdough stage  CT at physiological maturity
Yp 0.42 0.45" 0.35
Ys 0.57" 0.56" 0.42

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



VWAY s /o ke o los fpzeiy 0,90 /e Slaass paS slacaigs o Slee p olgl (Sas jrs

References

Ehdaie, B., Hall, A. E., Farguhar, G. D., Nyuen, H. T. and Wains, J. G. 1991. Water use efficiency
and carbon isotope discrimination in wheztop Science 31: 1282-1288.

Emam, Y. 2003. Agriculture grains. Shiraz University Press. (kr$fan).

Evans, L. T. and Dunstone, R. L. 1970. Some physiological aspects of evolation in wheat.
Australian Journal of Biological Science 23: 725-741.

Fernandez, G. 1992. Effective selection criteria for assessing planéss tolerance. In: Kuo, C. G.
(Ed.). Proceeding of the international symposiunadaptation of vegetables and other food crops
in temprature and water stress. August 13-18, Tdiaavan. pp: 257-270.

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

Hurd, E. A. 1974. Phenotype and drought tolerance in whAgt.icultural Meteorology 14: 39-55.

Kochaki, A. 1997. Farming and breeding in rainfed agricultuMashhad University Press. (In
Persian).

Miri, H. R. 2005. Physiology and crop yield under drought stré&s/id Shiraz Press. (In Persian).

Pinter, J. P. J., Zipali, G., Reginato, R. J., Jackson, R. D., Idso, S. B. and Hohman, J. P. 1990.
Canopy temperature as an indicator of differemtiater use and yield performance among wheat
cultivars.Agricultural Water Management 18 (1): 35-48.

Rossidlli, A. and Hamblin, A. J. 1981. Theorical aspects of selection for stress and stass
environmentCrop Science 21: 1441-1446.

Shafazade, M. V., Yazdansepas, V., Amini, V. M. and Ghanad, H. 2004. Evaluation of end-season
drought stress in promising winter and facultativieeat genotypes using stress susceptibility and
tolerance indicesSeed and Plant Journal 20: 71-75. (In Persian with English Abstract).

Shields, L. M. 1961. Morphology in relation to exermorphysm. In: Shjdls M. and Gardner, L. J.
(Eds). Bioecology of the arid and semiarid landsaith-west. New Mexico Highlands University
Bulletin.

Siani, H. S. and Aspinall, D. 1981. Effects of water deficit on sporogensis in wheatnals of
Botany 48 (5):.623-633.

Siddique, M. R. B., Hamid, A. and Islam, M. S. 2000. Drought sterss effects on water relation of
wheat.Botanical Bulletin of Academia Sinica 41: 35-39.

Slafer, G. A. and Araus, J. L. 1998. Improving wheat responses to abiotic stress. link&d, A. E.
(Ed.). Proceeding of "9 International Wheat Genetic Symposium. August 2Saskatoon,
Saskatchewan, Canada. pp: 201-213.

Unger, P. W. and Jones, O. R. 1981. Effect of soil water content and a growing seastoaw muulh
on grain sorghuntoil Science Society of America Journal 45: 129-134.

Zadoks, J. C., Chang, T. T. and Konzak, C. F. 1974. A decimal code for the growth stages of
cerealsWeed Research 14 (6): 415-421.



@ Cereal Research

, Vol. 5, No. 4, Winter 2016 (341-352)
University of Guilan

Faculty of Agricultural
Sciences

The effect of terminal drought stresson yield and yield components of
wheat genotypes

Majid Rajaie!, Sirous Tahmasebi!, Mohammad Javad Bidadi?, Kavos Zar€® and
Shahab Sarfarazi*

Received: February 17, 2014 Accepted: August 10, 2015

Abstract

To investigate the effect of terminal drought strea wheat, 35 lines and varieties were evaluated
as split plot arrangement based on randomized aimpllock design with three replications under
normal irrigation (based on crop water requirememg terminal drought stress (no irrigation from
flowering stage) in Darab Agricultural ResearchtiStain 2009. Drought stress (normal irrigation and
terminal drought stress) and wheat genotypes warsidered as the main and sub-plots, respectively.
The studied traits were included grain yield, yielsmponents and canopy temperature depression
(CTD). To select drought tolerant varieties, fiveowuht tolerance indices including stress
susceptibility index (SSI), stress tolerance ind8X1), mean productivity (MP), geometric mean
productivity (GMP) and tolerance (TOL) were alstcatated. The results indicated that drought stress
reduced grain yield and its components, so thaiageegrain yield under normal and terminal drought
stress conditions was 4691 and 3659 k§.maspectively. The correlation coefficients betwegain
yield and CTD at three measured stages from headimnysiological maturity as well as average
CTD at all three stages under both normal and texharought conditions were moderate to relatively
high. In total, the results of this research intkdathat the CTD could be used as a rapid andteféec
criterion for screening high yielding genotypeseirly generations of breeding programs. Evaluating
drought tolerance indices also showed that the ®NP and STI are the more effective to select high
yielding and drought tolerant varieties. All thriedices identified the genotypes 14 and 16 as drbug
tolerant genotypes. These genotypes had the hgdgh iyvi both normal and drought stress conditions.
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