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Effects of terminal drought on grain yield and some morphological traits in
wheat (Triticum aestivum L.) genotypes
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Table 1. Genotypes used in the experiment

Genotype no. Pedigree

1 Shahryar

2 OwL

3 Vee “s” INac//1-66-22/3/Vee”s”/Snb”s”//1-66-22

4 Shi#4414/Crow”s”/IKvz/6/1-68-120/5/Gds/4/Anza/3/pi/Nar//Hys
5 Shi#4414/Crow”s”//\V82187/T.aestxTi(Fr-kad*Gh)
6 Bow”s”/Crow”s”//Kie”s”/\ee”s”

7 Tx62A4793-7/CB809//Vee”’s”/3/Shi#4414/Crow”s”
8 DH-34

9 Spd*2//Tjb338.251/Buc

10 Omid//H7/4p839/3/Omid/4/Tdo/5/ICWHA81-1473
11 Gds/4/Anza/3/Pi/Nar//Hys/5/1-66-75

12 Gds/4/Anza/3/Pi/Nar//Hys/5/1-66-75

13 (Rsh*2-10120)*2/4/ Anza/3/Pi/Nar//Hys

14 Omid/ Shi#4414/Crow”s”

15 Omid/ Shi#4414/Crow”s”

16 Jup/4/C11F/3/1114.53/0din//CI 13431

17 Batera//Buc/T0173

18 DH4-263-1557F3 Vee”s”/Nac//1-66-22

19 DH4-168-1557F3 Vee”s”/Nac//1-66-22

20 DH4 - Vee”s”/Nac//1-66-22
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Table 2. Amount of preicipitation (mm) in 2001-02 and 2002-03 cropping seasons at Arak research station

I ouT AT 8> o Ldwl
onth Sept.  Oct. Nov. Dec. Jan. .
Year

Feb

LT S 3l Sls = B s e DA
March April May June July  Aug.

2001-02 2.5 255 106.4 57.1 7.6
2002-03 - 135 25.7 23.8 397

15.6
35.5

121.8 10.6 - - - -
65.4 81.9 2.5 - - -
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GY PLH DHE DMA HI
S.0.vV S df N S N S N S N S N S
Year (Y) Ju 1 78.47** 0.446* 0.29™ 745%* 23.4** 644** 403.3** 243.7* 2090.8** 86.19™
Rep (Year) b s, S 4 1.78** 0.201™ 2.45™ 7.9™ 0.933™ 8.1** 0.633™ 55.9%* 38.86™ 94.24*
Genotypeepe o5 19 1.98™ 0.702™ 250.1** 179.6** 4.11* 2.34* 8.12** 12.51** 62.15™ 63.1™
YearxGenr osixd 19 1.73** 0.415** 2.55™ 7.74™ 1.82** 1.03™ 0.96™ 2.06™ 40.82™ 65.02*
Error oeal 76 0.399 0.126 3.32 8.61 0.784 1.26 1.82 1.49 41.33 36.42
Y Jod> aals
(MS) Sl S
PEWA PEWM GNO GW TKW
S.0.v g ke df N S N S N S N S N S
Year (Y) Ju 1 99.9** 0.85* 164.5* 11.47"  217430* 515092** 625.8* 92.05* 234.4™ 454 4*
Rep (Year) J 5315 4 3.23* 0.37™ 70.4™ 70.67**  44184.3* 47032.5* 178.9** 19.5™ 130.9** 73.7"
Genotype wss; 19 3.28™ 1.97"™ 39.9™ 4.45™ 39221™ 19787.7™ 49.6™ 26.7™ 115.9** 87.98™
Year x Gen ossx Ju 19 2.20** 1.98** 59.2™ 2.38™ 22347™ 15224.8™ 58.2™ 24.53* 32.6™ 104.6**
Error ozl 76 0.99 0.802 53.11 1.89 17246.3 13150 38.7 12.33 23.95 43.6
7N 570 Jlaz! ck..up;l: e 5 4 G
Jlagme e NS

* and **: Significant at 5% and 1% probability level ,respectively.
ns: Non-significant
Oy O3 53 JSSIy 053 =PEWM a8 055 ISl 055 =PEWA cils, jesle =HI 0u, b 55,=DMA 184 ;5,=DHE S5 g, =PLH S s 4ls s Se =GY

s i3S U5 096N $layizm as =TKW  alew s 4l 055=CW  alew ;s 415 sl =GNO
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Table 4. Mean comparsion (2 years) of grain yield and some of measured traits in wheat genotypes under stress (S) and non stress (N) conditions

(N)d:\...?ujvb)(S)&M%‘ﬁ))(ﬁ.&féh%ﬁj))@% 65'J{)43b J)gl—mﬁ(dl.w)))wél:ﬁ mw_LE.e—i J}v\"

GY (kghe) DHE DMA HI @) PEWA () PEWM(9) GNO GW(@ TKW(9)
S N S N S N S N S N S N S N S N S N

1 2090 bcde 5310 abcde 133 abc 137 bc 165h 178 cdef 16abcd 32bc  6.4bc 6.6bcde 7.7def 74b 201ab 278cd 05bcd 1.0b 238 36.1 defgh
2 2220bcd 5320 abcde 134a 137Dbc 166 defg 178 cdef 13abcd 35abc 6.6bc 7abcde 8.1bcde 86b 18.7bc 33.8abcd 0.5bcd 1.3ab 23.8 39.6 bedef
3 2310abc 5490 abcde 132bc 136cd 166defy 178 cdef 17 abcd 34abc 6.4bc 6.8abcde 9.4ab 10.5b 19.9abc 29.8bcd 05bcd 1.4ab 27.5ab 45.7 ab

4 1610efgh 4620efy 133 abc 137bc 167 bcde 179 abcde 12cd 30c  6.0cd 56ef  7.4def 89b 132c 32.2abcd 03d 1.1ab 21.0bc 33.2fgh

5 1960 bcdef 4610efg  132bc 136cd 165h 179 abcde 19abcd 35abc 6.6bc 6.8 abcde 8.7abcd 9.3b 20.3ab 29.7bcd 0.5bcd 1.2ab 24.5 40.4 bede
6 2320abc  5700ab 133 abc 136 cd 165h 178 cdef 18abcd 39ab 6.9abc 6.2cdef 7.5def 7.7b 22.7ab 36.2abc 0.5bcd 1.4ab 21.0bc 38.4 cdefg
7 2070 bcde 5000 bedef 133 abc 137 bc 165 h 179 abcde 18 abcd 36abc 6.5bc 6.3cdef 7.0def 7.0b 19.7abc 33.6abcd 0.5bcd 1.2ab 22.3 35.3 defgh
8 1550fgh  5360abcde 134a 139a 168abc 179 abcde 23 a 36abc 80a 81la 7.2def 87b 19.7abc 40.6a 0.5bcd 1.3ab 27.6ab 32.2gh

9 2040 bcde 4420 of 133 abc 137 bc 168abc 180abc 14abcd 32bc 6.7bc 7.2abcde 7.8def 85b 189bc 33.7abcd 0.4bcd 1.lab 19.6bc 32.8gh

10 1980 bcdef 5590 abc 133 abc 137 bc 169 a 18la 15abcd 38abc 6.8bc 6.2cdef 8.2abcd 84b 17.8bc 32.3abcd 0.4bcd 1.5a 235 40.7 bed
1 1330h 3880 ¢ 134a 136¢cd 168abc 180abc 16abcd 30c  7.4ab 6.9abcde 8.7abcd 7.9b 21.3ab 33.8abcd 0.4bcd 1.1ab 20.6bc 31.2h

12 1660efgh 4200 fg 134a 137Dbc 168abc 180abc 13 abcd 36abc 6.2bcd 6.3bcde 8.1bcde 85b 22.0ab 36.7abc 0.4bcd 1.3ab 15.9c¢ 35 cdefgh
13 2700a 5510 abcd 133abc 136cd 168abc 180abc 15abcd 34abc 6.7bc 57ef  66f 94b 172bc 27.4d 0.3cd 1.1ab 20.0bc 38.6 cdefg
14 1790 defgh 4410 fg 134a 136cd 168abc 179abcde 20abc 30c  7.0abc 7.6abc 9.3abc 9.1b 239ab 29.3bcd 0.6abc 1.0b 25.4ab 34.6 defgh
15 1860 cdefg 4420 fg 133abc 137 bc 168abc 180abc 15abcd 31c  6.4bc 63cdef 95a 10.1b 21.6ab 33.4abcd 0.4bcd 1.2ab 19.8 bc 35.1defgh
16 19605 bedef 4780 abedef 133 abc 137 bc 169 a 18la 15abcd 37abc 6.7bc 6.7bcde 9.5a 89b 20.4ab 37.3ab 0.4bcd 1.3ab 19.7bc 33.9 efgh
17 14707 gh 4660 defg 134a 136cd 168abc 18la 22ab  35abc 6.7bc 7.2abcde 8.7abcd 9.0b 27a 39.7a 0.6abc 1.4ab 31.3a 34.9defgh
18 24202 ab 5480 abcde 134a 136c¢d 166 defg 179 abcde 18 abcd 35abc 7.5ab  7.5abcd 8.4abcd 9.1b 20.1ab 29.8bcd 05bcd 1.4ab 27.4ab 47.1a

19 2160bcd 4990 bedef 133 abc 137 bc 167 bede 177 f 20abcd 36abc 6.7bc 7.9ab  7.9cdef 105b 184bc 34.0abc 05bcd 1.4ab 25.9ab 42.8abc
20 1870cdef 6010a 132bc 138ab 168abc 18la 23 a 42 a 52d 53f 74def 73b 20ab 40.7a 0.6abc 1.5a 28.5ab 37.5cdefgh

Mean 1969 4988 133 137 167 179 17 35 6.7 6.7 8.2 8.7 20.1 33.6 0.47 126 235 37.3

(OSS1s (glaels i 350 3T) il (g 5l5 s 3Nl 70 Ch.d)és)b.rj]éij‘ml{QS):LFJF&JS\»L;\)\:J&&@Q\:AQ}L«)&):

Means with similar letter in each column are not significantly differerent at 5% probability level according to Duncan 's Multiple Range Test .
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Table 5. Estimation of tolerance and susceptibility indices for grain yield in wheat genotypes under drought

stress condition

Entry Yp R Ys R SSI R TOL R MP R GMP R STI R
(kg ha™) (kg ha™)

1 5310 9 2090 7 1.00 13 3220 16 3702 8 3333 7 045 6

2 5320 8 2220 5 0.96 7 3100 13 3772 7 3438 5 048 5

3 5490 5 2310 4 0.96 7 3180 14 3901 5 3562 4 051 4

4 4620 14 1610 17 1.08 16 3010 11 3125 16 2728 17 030 17

5 4610 15 1960 11 0.95 6 2650 6 3286 13 3006 12 036 12

6 5700 2 2320 3 0.98 11 3380 17 4009 2 3636 3 053 2

7 5000 10 2070 8 0.97 10 2930 10 3531 10 3212 10 041 10

8 5360 7 1550 18 118 20 3810 19 3455 11 2882 14 033 14

9 4420 16 2040 9 0.89 2 2380 1 3229 14 3003 13 036 12
10 5590 3 1980 10 1.07 15 3610 18 3786 6 3329 8 045 6
11 3880 20 1330 20 1.09 17 2550 3 2604 20 2271 20 021 20
12 4200 19 1660 16 1.00 13 2540 2 2927 19 2637 18 028 18
13 5510 4 2700 1 0.84 1 2810 7 4104 1 3855 1 060 1
14 4410 18 1790 15 0.94 4 2620 5 3097 17 2806 16 032 16
15 4420 16 1860 14 0.96 7 2560 4 3143 15 2870 15 033 14
16 4780 12 1960 11 098 11 2820 8 3371 12 3060 11 038 11
17 4660 13 1470 19 1.13 18 3190 15 3062 18 2615 19 028 18
18 5480 6 2420 2 0.92 3 3060 12 3950 3 3643 2 053 2
19 4990 11 2160 6 0.94 4 2830 9 3574 9 3282 9 043 9
20 6010 1 1870 13 114 19 4140 20 3937 4 3350 6 045 6

Mean 4988 1969
R(ranking)=

Yy
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Table 6. Estimation of tolerance and susceptibility indices for thousand kernel weight in wheat genotypes under
drought stress condition

Enty TKWp@ R TKWs@ R SSI R TOL R MP R GMP R STI R

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

1 36.1 10 23.8 9 0.92 5 12.3 7 2995 10 2931 11 0.62 11
2 39.6 6 23.8 9 108 11 158 12 3170 8 3070 8 068 8
3 45.7 2 27.5 4 108 11 18.2 17 36.60 2 3545 2 0.90 2
4 33.2 17 21.0 13 0.99 7 12.2 6 2710 16 2640 15 0.50 15
5 404 5 24.5 8 1.06 9 159 13 3245 6 3146 6 071 6
6 38.4 8 21.0 13 122 18 174 16 29.70 12 2840 12 058 12
7 35.3 11 22.3 12 1.00 8 130 8 2880 14 2806 13 057 13
8 32.2 19 27.6 3 0.39 2 4.6 2 2990 11 2981 9 0.64 9
9 32.8 18 19.6 19 1.09 13 132 9 2620 18 2536 18 046 18
10 40.7 4 235 11 114 16 17.2 15 3210 7 3093 7 0.69 7
11 31.2 20 20.6 15 0.92 5 10.6 5 2590 19 2535 19 046 18
12 35.0 13 15.9 20 147 20 19.1 19 2545 20 2359 20 040 20
13 38.6 7 20.0 16 130 19 186 18 2930 13 2778 14 055 14
14 34.6 15 254 7 072 4 9.2 4 30.00 9 2965 10 063 10
15 35.1 12 19.8 17 118 17 15.3 11 2745 15 2636 16 050 15
16 33.9 16 19.7 18 113 14 142 10 2680 17 2584 17 048 17
17 34.9 14 313 1 0.28 1 3.6 1 3310 5 33.05 4 0.79 4
18 47.1 1 27.4 5 113 14 19.7 20 37.25 1 3592 1 0.93 1
19 42.8 3 25.9 6 107 10 169 14 3435 3 3329 3 080 3
20 375 9 28.5 2 0.65 3 9.0 3 33.00 4 3269 5 077 5
Mean 37.3 235

[ DOR: 20.1001.1.15625540.1385.8.1.2.1 ]

R(ranking)= s, «5,
0N Oas sy 5 ails Sl 055 TKW,
A5 Ll sy ails e 0,5 TKWg

TKWop: Thousand kernel weight in non- stress condition
TKWs. Thousand kernel weight in stress condition
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Table 7. Correlation coefficients among drought tolerance and susceptibility indices and grain yield for investigated

genotypes (n=20)

Drought Ys SSlI TOL MP GMP STI
tolerance

indices

Yp 0.61** 0.04™ 0.80** 0.95** 0.84** 0.83**
Ys -0.77** 0.02™ 0.84** 0.94** 0.94**
SSlI 0.62** -0.29™ -0.5* -0.51*
TOL 0.56** 0.36™ 0.34™
MP 0.97** 0.97**
GMP 0.99**

TN 570 ezl o 3 I fme o 5 4 ¥ 5

Dl gme &1 NS
*and **: Significant at 5% and 1% probability level ,respectively
ns: Non-significant
(=Y+) 55 Oa Lol 3 55 Caltben Slio py  Stmners LSl —A J g
Table 8. Correlation coefficients between different traits in non-stress condition (n=20)
DHE DMA HI PEWA PEWM GNO GW TKW Yp
PLH -0.21™ -0.40™ -0.42™ 0.59** -0.85"™ -0.33™ 0.18™ 0.22™ -0.02"
DHE 0.29"™ 0.21™ -0.07™ -0.32™ 0.54* 0.10™ -0.45* 0.17™
DMA 0.08™ -0.26"™ 0.02™ 0.43™ 0.03™ -0.45* -0.17™
HI -0.22"™ -0.14™ 0.50** 0.79** 0.33™ 0.67**
PEWA -0.13™ 0.01™ 0.04"™ -0.09™ -0.27™
PEWM -0.42™ 0.21™ -0.22"™ 0.13™
GNO 0.59** -0.43™ 0.02"
GW 0.46* 0.50*
TKW 0.56*

*and **: Significant at 5% and 1% probability level ,respectively

ns: Non-significant

Ye

Y 570 i b 53 513 e g G*

Jlsgme e 1 NS
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Table 9. Correlation coefficients between different traits in stress condition (n=20)

DHE DMA HI PEWA PEWM GNO GW TKW Yp
PLH 0.03™ -0.24™ -0.20™ 0.48* 0.33"™ -0.16™ -0.01™ 0.13™ 0.16™
DHE 0.37™ 0.12™ 0.54* 0.01™ 0.31™ 0.06™ -0.11™ -0.38™
DMA -0.10™ -0.01™ 0.24"™ 0.01™ -0.13™ -0.14™ -0.43™
HI 0.17™ -0.02™ 0.55** 0.87** 0.82** -0.15™
PEWA 0.08™ 0.07™ 0.06™ 0.09™ -0.07™
PEWM 0.38™ 0.28™ 0.09™ -0.24™
GNO 0.76** 0.30™ -0.30™
GW 0.89** -0.15™
TKW -0.04"™
7Y 570 Jlaz! pelans 55 s e S G *
Jlagme e 1 NS

*and **: Significant at 5% and 1% probability level ,respectively

ns: Non-significant

o5 55 et ol 25 gy Ll 5 3 il 3 Shee (gl e 4 s =V Jgds
Table 10. Path analysis for grain yield in non-stress condition based on genotypic correlation

Direct effect iz 31 Indirect effect it & ! Total
HI GNO GW TKW

HI 0.76 - 0.37 -0.83 0.37 0.67

GNO 0.74 0.38 - -0.62 -0.49 0.02

GW -1.05 0.60 0.44 - 0.51 0.50

TKW 111 0.25 -0.32 -0.49 0.56

) Ssls (=2 /VA**) Cils 5 el b (gyls e
Cils el U s a3 (Yp) 4ls .sjgl.q.c« A
359 9 (r=70"") de—w ys a I3 O3 o(r =/V**)
5t S
JSIs a5 b6 s gL (A dgr) Sils (g5l gne
aﬁéj\:@s)@sk;;wébb ga.dfgbj):
ol 355 5 (\WWY) U 4o ey 55 Fischer and Wood
O e | 4t 5 Ll Clae (VWVA)

o (1=/01%) (TKW) eIl ;a

Slhw 355 4 slaasl 5 s 4ils s Shes ol 5l gl
J\J_A Q)j)‘&l...w): FHEY BT cﬁ..ibﬁ ua:-‘.& Qjamﬁ

A\l

(CW) bz aiils 05 ¢ i shyls ksl i 5o

VAVER) Cls  astla b (g,l5 dre 5 e | Schumned
Cils (1= /Y1) (GNO) i > asils sluss 5 (1=
Olej 43 JSSIG 055 L (PLH) 5 s g, Js)
g I3 cime 5 Cute  Stemer s1yls (PEWA) a8
OLsj 53 S 035 U (DHE) a8 U g, sliw
oL 35l e 5 St Seacan sls 23 8
Ll mime 5 Cmte  SKiacrad (slols 3 (HI) tils
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Effects of terminal drought on grain yield and some morphological traits in wheat

(Triticum aestivum L.) genotypes

Koocheki', A. R., A. Yazdansepasz, H. R. Nikkhah®

Abstract

This study was conducted to evaluate grain yield and some of morphological traits in 20 promising wheat
genotypes under non-stressed and post-anthesis drought stress conditions at Arak Agricultural Research Station
during 2001/02 and 2002/03 cropping seasons. Experimental design was randomized complete block with three
replications. Peduncle weight, grain number per spike, grain weight per spike, 1000 kernel weight, harvest index and
grain yield were measured from plant samples taken at anthesis and maturity. Results of combined analysis of
variance showed significant difference among genotypes for most of the measured traits. Under stress conditions
grain weight per spike showed positive and highly significant correlation with harvest index (r=0.87"") and grain
number per spike (r=0.76""). Days to heading showed positive and significant correlation with peduncle weight at
anthesis. Harvest index also showed positive and highly significant correlation with grain number per spike
(r=0.55") and 1000 kernel weight (r=0.82""). Under non-stress conditions, grain weight per spike showed positive
and highly significant correlation with harvest index (r=0.79"). Grain yield ha™ also had positive and significant
correlation with harvest index (r=0.67""), grain weight per spike (r=0.50") and 1000 kernel weight (r=0.56"). Based
on positive and highly significant correlation of grain yield with MP, GMP and STI under both non-stress and
stressed conditions, these indices were identified as reliable criteria to select genotypes under terminal drought stress
condition. Based on path analysis, direct effect of harvest index on grain yield was positive (0.76). The most indirect
and positive effect of harvest index on grain yield was via grain number per spike and 1000 kernel weight. The most
positive and negative direct effects on grain yield belonged to 1000 kernel weight (1.11) and grain weight per spike

(-1.05), respectively.

Key words: Wheat, drought stress, correlation, tolerance index , morphological traits.
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