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Effect of drought stress on physiological traits, grain yield and its components in

chickpea (Cicer arietinum L.) genotypes
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Table 1. Monthly rainfall and temperature of experimental site during cropping season of 2011

RESTS
March

Rainfall (mm) Sabole 618
Max sl 147
Min 5l 3

Mean 5L 8.9

e ol 4y
Temperature

i)l sbs 5o sls BT
April May Jun Jul Aug
76.7 0.3 0 0 0
17.9 27.5 327 327 28.7

7 12.3 18 18 13.9

12.45 19.9 2535 2535 21.3
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Tab.2. Mean comparison of yield and yield components of chickpea genotypes under non stress (normal irrigation) (N) and stress conditions (S)

als 3 Slee g dlg 55 OMe S g Loy g Al s 53 13 sl &ls Ao 05
35 gl 55 Grain yield (kg.ha™) Pod.m Unfilled pods (%) No. Grain.m™ 100 Grain weight (g)

Chickpea genotypes MN) s o5 (S)ps (NS5 s (S) s (N) 25 090 ) s (N) 25 00 ) s N) 5 094 S) s

1 ILC8262 1354 a-c 433 k-m 498 b-e 163.81 000g 0.15f¢g 529.3 b-d 163.81 24.6 q 24.5q
2 ILC8617 1277 a-f 511j-m 498 b-e 197.1kl 286¢c-g 6.18ag 484.9 b-¢ 189.9 ki 25.8n-q  25.0p-g
3 1LC482 1406 ab 858 e-1 439.7b-g 2673 h-l 0.00g  0.08g 473.6 b-¢ 279.6 h-1 28.6i-k 29.5 h-k
4 FLIP9690C 1266 a-f 550i-m 4659b-f 16831 051 f-g 7.46a-e 469 b-e 155.51 26.6k-q  27.3k-q
5 SEL93TH 1166 a-g 733h-m  419.5b-h 263.9h-1 10.5a 2.6d-g 376.6 d-g 256.21h-1 28.7i-0 27.6 jp
6 FLIP98108 1253 a-f 709 i-m 370 d-j 198.8 ki 3.77b-g  7.56 a-d 3555¢e-g 184.8 ki 353 b-e 36.4 a-c
7 FLIP9726 1381 ab 344 m 4374b-g 18511 0.00g 0.00g 442.3b-g 185.4 kl 30.6 g-j 35.5b-d
8 FLIP9948 1316 a-d 775 g¢m  385.9c- 243.4j-1 0.00g 257 d-g 397 c-g 239.7i-1 32.7eg 31.0 g-i
9 SEL96TH 988 b-g 774 g-m  377.1d4 267.6 h-l 10.55a  3.65b-g 335eg 274.7 h-l 28.5i-0 26.5 k-q
10 X9THSKI10 1224 a-g 833 -1 3484 ek  247.7j- 1.62d-g 638 a-f 348.1 e-g 236.3 j-1 34.7c-f 32.7 eg
11 ARMAN 1299 a-e 873 d-k 450.b-g 254 i-1 1.32eg 092fg 453.6 b-f 283 h-1 28.8 i-n 25.6 0-q
12 FLIP93255 1263 a-f 408 Im 4619b-f 17151 3.12c-g  5.36a-g 474.7 b-e 180.3 ki 26.0m-q  24.9pq
13 SEL93TH 1548 a 910 c-j 5293b-d  321.7 fl 0.18 f-g  7.7la-d 535.0 be 296.3 g-1 29.0 i-m  28.5i-0
14 FLIP00S2 1516 a 855 e-l 570 b 395.5 g-1 1.05fg 3.91b-g 564.3 ab 284.1 h-1 26.4 1-q 28.5 i-o
15 FLIP97211 1619 a 845 e-l 513.9b-d 264.2 h-l 0.7fg 1.88dg 523.9 b-d 259.1 h-l 31.1 gAi 31.3 g-i
16  FLIP0O06C 1343 ac 838 f-1 418.7b-h 2648 h-l 431b-g 4.57ag 405.9 c-g 253.1 h-l 32.0 f-h 311 gAi
17 AZAD 1348 a-c 980b-i 408.1 b-i 315.7 f-1 373b-g 3.97bg 3933 ¢c-g 302.6 f-1 33.0 d-g 292 h-l
18  PIROZ 1334 ac 958 b-j 728.1a 543 be 6.13a-g 9.77ab 6843 a 487.8 b-e 19.0 r 1851
19  BIVANI 1492 a 1228a-g  415b-h 318.8 f-1 894a-c 425bg 379.1d-g 253.5 f-1 37.7 ab 38.7a
Mean oS 1337 759 459.8 260.6 3 4.16 454 253.5 29.4 29.1

LI ol e gl s s o Jlez! Cb'dﬁ ;,Qb Slaals Lz 05037 olal el &S 2ie g (glyls oS &Lhwi-l:.a O 2 53
Means in each column, followed by similar letters are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
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Table3- Estimation of drought tolerance indices in chickpea genotypes

35 Sl 5 O e el T 4 Sl e Ll
Chickpea genotypes STI SSI
1 ILC8262 0.328 1.537
2 ILC8617 0.365 1.387
3 ILC482 0.676 0.901
4 FLIP9690C 0.389 1.308
5 SEL93TH 0.479 0.859
6 FLIP98108 0.496 1.002
7 FLIP9726 0.265 1.737
8 FLIP9948 0.571 0.95
9 SEL96TH 0.428 0.57
10 X9TH5K 10 0.57 0.739
11 ARMAN 0.635 0.757
12 FLIP93255 0.228 1.566
13 SEL93TH 0.789 0.952
14 FLIP0082 0.726 1.008
15 FLIP97211 0.765 1.107
16 FLIP006C 0.63 0.87
17 AZAD 0.739 0.631
18 PIROZ 0.715 0.653
19 BIVANIJ 1.026 0.408
Mean St 0.573 0.995
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Table 4. Chickpea genotypes group comparisons under non stress conditions (mean + standard error)
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3 e ity b slan 55 3 Sos ol b slas 55 3N os ety b sla 55 3 Sos iy b sla 55 3 Nos ety b sla 55 3N es oty b slas 55
P i Join sVt Jon s ol F ! st F Y b F
Tolerant and high yield Tolerant and low yield Susceptible and high yield Susceptible and low yield High yield potential Low yield potential
Plant characteristics potential genotypes potential genotypes potential genotypes potential genotypes genotypes genotypes
i35 Sas
o , 1451+5.03 120749.2 5.36° 1367+6.8 1257+7.07 2.05™ 1409+11.8 123249.8 6.8
Grain yield (kgha™)
c!w do-lg 53 IO sl
) 501.7+1.01 389.1£1.1 9.9 465.9+1.08 442.8+1.1 02" 501.7+1.04 414.7+1.1 81"
Pod.nm
O S da s
3.140.8 33+13 0.09™ 0+0 44+1.1 14.7° 1.5+0.4 3.8£1.2 48°
Unfilled pods (%)
oty 5 4l s
o, 494+0.9 381.4£1.1 9.6™ 483.8+1.2 430+1.1 12™ 494+1.1 407+1.1 94~
No. of grain.m™
dlsdn 0y
o 29.6£1.09 31.1£09 9.3 27.5%1.3 28.4+0.9 1.7 28.5+1.2 29.8+0.9 1.5™
100 grain weight (g)
Sl ks
e 52.87+0.03 57.1+3.04 0.7 30.75+4.05 42444 3.01™ 41.81+2.04 57.1143.9 0.006™
Stomatal Conductance (mmol.m™.S ™)
L5y Ao o 3lAnST J3
. . S . S 0.283+0.02 0.232+0.02 41" 0.267+0.02 0.327+0.01 3.06™ 0.275+0.02 0.279+0.01 0.06™
PPO in Vegetative Stage(U/mg protein)
Lol dl o 3lAnST) o
. . TS JAOL 0.14+0.01 0.16+0.02 1.5™ 0.10+0.006 0.114+0.01 0.06™ 0.12+0.009 0.137+0.01 0.005™
PPO in Reproductive Stage( U/mg protein)
ns, * and ** : Not significant and significant at 5% and 1% probability levels, respectively 4055 & 5 doys gy el mglan )3 4l e 51 das b 5 @ iy i S

aA
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Table 5- Chickpea group comparisons under drought stress conditions (mean + standard error)

s i bslanggs 3 Shee el b sl 3 Shas ity b a5 3 Shes ol b sla 55 s ECNES
A i F ol 5N ] F Jroe e F
Tolerant and high yield ~ Tolerant and low yield Susceptible and high yield ~ Susceptible and low yield Tolerant Susceptible
Plant characteristics potential genotypes potential genotypes potential genotypes potential genotypes genotypes genotypes
4ls s ISLJ— Y N N
L N 6.48 388+5.3 582+6.2 8.5 874+8.4 485+5.8 100.1*
Grain yield (kg.ha™)
| SMe slws
) gl 133" 156.120.5 199.940.7 0.14™  2885:0.7 187.120.5 51.4*
Pod.m
e
S 0.1 6.5740.7 5.83£13 9.9*  394+09 6.2040.7 0.002™
Unfilled pods (%)
da.».\>l_5 3 4l sl N s N
. 5 9.09" 174.5+0.7 193.2+0.7 0.1 281+0.6 183.8+0.7 65"
No. of grain.m
s o iy
. . oo 0.05™ 30+£2.5 28.2+1.1 4.7° 30.01£1.07 29.13£1.8 1.02™
100 grain weight (g)
syl ns s .
D 1.63 7.8+0.065 8.363+1.006 0.15 12.14+0.69 8.081+0.08 13.58™
Stomatal Conductane (mmol.m™.S ™)
g gy do po ST 3
. _ e S 3.55™ 0.336:0.033 03600027 007™  0339:002  0.36120.03 0.03™
PPO in Vegetative Stage (U/mg protein)
2l A o 5IST
s S 0.001™ 0.0979+0.011 0.0648+0.007 46°  0086x001  0.08£0.009 19™

PPO in Reproductive Stage (U/mg protein)
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ns, * and ** : Not significant and significant at 5% and 1% probability levels, respectively
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Table 6. Simple correlation coefficient between grain yield and yield components of chickpea genotypes
under non stress condition

1 3 4 5 6 7
1 Grain yield 4ls s Slas 1
2 Pod.m? e ol 53 M sl 0.41 1
3 Unfilled pods SN S 5 Aoy (%) -0.499" -0.12 1
4 No. of grain.m” el dlg 55 4l sldss °0.512 *0.966 -0.349 1
5 100 grain weight &ls Ao 05 0.096  *0.781- 0.082 “*788.0- 1
6 STI LS VR ) 0.587" 0.182 0.143 0.12 0.347 1
7 SSI 5 4 Sl a5 s 0.117 0.117 °0.570- 0.279 -0.331 “0.729- 1

M)Adglj-lw):c;;dmp-lc)bﬁ)b&.u S Ay

*and ** : Significant at 5% and 1% probability levels, respectively
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Table 7. Simple correlation coefficient between grain yield and yield components of chickpea genotypes
under drought stress condition

1 2 3 4 5 6 7
1 Grain yield 6ls 5 Sles 1
2 Pod.m? ek drl 53 M sl *0.701 1
3 Unfilled pods e S s Ay (Y0) 0.184 0.390 1
4 No. of grain.m” el Ay 55 &l slun *'0.896 “0.986 0.278 1
5 100 grain weight $ls o 05 0.205 0.307- 0.191- -0.318 1
6 STI R VPR *0.949 “0.652 0.131 “0.667 0.199- 1
7 SSI G4 Sl esla 70.906- °0.647- 0.215-  *0.686- 0.131 0261 1

Ao sz oS5 5 o ys gy ezl = gla 53 s e 5 4 bk

* and ** : Significant at 5% and 1% probability levels, respectively
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Table 8. Mean comparison of stomatal conductance (mmol.m .S ') in vegetative stage of chickpea

Ll gl (gre Dol M):@Jb\claa):ﬁ\:é\ub.u?b}anuﬂuﬁg.uméfﬁﬁ 29, 6\JIAS&LAQ:§7L:» O gt A
Means in each column followed by similar letter(s) are not significantly different at 5% probability levels, using Duncan’s

Multiple Range Test

genotypes in non stress and drought stress conditions

Ses i S O3

385 S 65

Chickpea genotypes ~ Drought stress ~ Non stress
1 ILC8262 7.9n 83.3h-m
2 ILC8617 8.8n 48.3c-g
3 ILC482 9.8mn 33.1g-j
4 FLIP9690C 8.2n 41.0e-1
5 SEL93TH 9.0n 26.1i-n
6  FLIP98108 6.8n 65.0a-c
7  FLIP9726 7.7n 32.7g-k
8  FLIP9948 12.21-n 45.3d-h
9 SEL96TH 9.9mn 67.0a-c
10  X9THS5K10 12.41-n 68.0Ab
11  ARMAN 10.31-n 48.2c-g
12 FLIP93255 9.1n 29.6g-1
13 SEL93TH 19.7j-n 76.7TA
14  FLIP0082 7.4n 63.7a-d
15 FLIP97211 9.4mn 34.5t
16  FLIP006C 13.9k-n 42.3e-1
17 AZAD 11.71-n 52.7b-f
18 PIROZ 15.9j-n 65.5a-c
19 BIVANI 17.5j-n 54.4b-e
Mean Sl 10.9 48.6
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Table 9. Correlation coefficients between plant characteristics of chickpea genotypes under drought stress
condition in pot experiment

1 2 3 4 5 6
1 Grain yield als > Shas 1
2 Stomatal coductance S5y gl 0.660" 1
3 PPO in Vegetative Stage gy A e 5 ST s 0.316 0.521* 1
4 PPO in Reproductive Stage sl Al e s SIS LS 0.112 0.387 -0.249 1
5 STI S5 e e la 0.949° 0.669°" 0.348 0.083 1
6 SSI S5 w el esle 0906 -0.540" -0.210  -0.106 -0.729" 1

M)Adgljszc;;dwlc)bﬁ)b&.u S Ay

* and ** : Significant at 5% and 1% probability levels, respectively
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Table 10. Mean comparison of polyphenol oxidase activity (U/mg protein) in vegetative and reproductive

stages of chickpea genotypes under non stress and drought stress conditions

s d> il dl e
Vegetative stage Reproductive stage
3539 slad 55 S sk S S sk S i3
Chickpea genotypes Non stress Drought stress Non stress Drought stress
1 ILC8262 0.23914 0.286c-j 0.118b-h 0.08¢-h
2 ILC8617 0.324b-h 0.373b-g 0.076¢-h 0.04Gh
2 ILC482 0.375b-g 0.349b-g 0.100c-h 0.06f-h
4 FLIP9690C 0.334b-h 0.332b-h 0.066f-h 0.09c-h
5 SEL93TH 0.320b-i 0.386b-f 0.141a -f 0.08¢-h
6 FLIP98108 0.329b-h 0.343 b-h 0.161a-e 0.05f-h
7 FLIP9726 0.294b-i 0.440a-c 0.100c-h 0.11b-h
8 FLIP9948 0.249¢-j 0.373b-g 0.221a 0.11 b-h
9 SEL96TH 0.263d-j 0.257d-j 0.137a-g 0.06 f-h
10 X9TH5K10 0.294b-1 0.415b-e 0.175a-d 0.10 c-h
11 ARMAN 0.123J) 0.17%h-j 0.105b-h 0.06f-h
12 FLIP93255 0.326b-h 0.2451j 0.128b-h 0.04H
13 SEL93TH 0.323b-h 0.423a-d 0.089d-h 0.06f-h
14 FLIP0082 0.156]j 0.267d-j 0.131b-h 0.08d-h
15 FLIP97211 0.273c-j 0.283c-j 0.181a-c 0.05f-h
16  FLIP006C 0.215g-i 0.252¢-j 0.193ab 0.14a-f
17 AZAD 0.366b-g 0.35%-g 0.158a-¢ 0.09d-h
18  PIROZ 0.227f4 0.460ab 0.146a-f 0.10c-h
19  BIVANIJ 0.331b-h 0.571a 0.120b-h 0.07e-h
Mean HSole 0.282 0.348 0.134 0.082
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*Means in each column followed by similar letter(s) are not significantly at 5% probability level, using

Duncan’s Multiple Range Test
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Effect of drought stress on physiological traits, grain yield and its components in
chickpea (Cicer arietinum L.) genotypes

Sio-Se Mardeh, P.l, F. Sadeghiz, H. Kanouni3, B. Bahramnejad4
and S. Gholami’

ABSTRACT
Sio-Se Mardeh, A., F. Sadeghi, H. Kanouni, B. Bahramnejad and S. Gholami. 2014. Effect of drought stress on
physiological traits, grain yield and its components in chickpea (Cicer arietinum L.) genotypes. Iranian Journal of Crop

Sciences. 16(2): 91 -108. (In Persian).

To investigate drought stress effects on grain yield and its component in chickpea genotypes and its relation
with physiological characteristics, nineteen chickpea genotypes were evaluated in field and pot experiments at
the Faculty of Agriculture, University of Kurdistan, Sanandaj, Iran, in 2010-11 cropping season. Field
experiment was carried out as split plot arrangement in randomized complete blocks design (RCBD) with three
replications. Irrigation and rainfed conditions were assigned to main plots and chickpea genotypes were
randomized in subplots. Grain yield, some yield components and drought resistance and susceptible indices were
measured and recorded. Pot experiment was conducted as factorial arrangement using RCBD with two factors
including irrigation treatments (irrigation at -3 (control) and -12 bar (stress) of soil water potential) and 19
chickpea genotypes as second factor with three replications. In this experiment, stomatal conductance at the
vegetative stage and polyphenol oxidase activity at the vegetative and reproductive stages were studied.
Chickpea genotypes divided in high and low yield potential and drought tolerant and susceptible genotypes
based on seed yield under drought and control conditions. Results showed that drought stress reduced pod and
grain per square meter by 43% and 44%, respectively and caused 43% reduction of grain yield, however, it did
not have significant effect on 100 grain weight. In pot experiment, drought stress reduced stomatal conductance
by 78% and drought tolerant genotypes had 33% higher stomatal conductance in comparison to drought
susceptible genotypes. There were highly significant positive correlation (r = 0.52**) between polyphenol
oxidase activity and stomatal conductance. It can be conclude that polyphenol oxidase activity and stomatal
conductance would be useful physiological traits for improvement of drought tolerant genotypes in chickpea

breeding programs.

Key words: Chickpea, Drought tolerance, Stomatal conductance and Polyphenol oxidase.
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