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Effect of drought stress gradient on agronomic traits in Kabuli chickpea core
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Table 1. Statistical parameters of Kabuli chickpea core collection in drought stress treatments

oSlee

auls

Lne 3l ol gy DS
(Traits) ot (Parameters) 1z, (Mean) (Sta'D;iaftuiom (Vgi;nie> (Rang) TC’;V)N

T1 T3 T4 T1 T3 T4 T1 T3 T4 T1 T3 T4 T1 T3 T4
NLL (Leaflet N0.Leaf'1) £, el sl 135 140 142 0.9 0.9 0.8 0.84 0.81 0.58 4.0 5.0 4.0 0.07 0.06 0.05
CH (Canopy height) AE ey gl 27.2 248 237 40 53 3.8 16.04 27.94 14.69 21.0 29.0 18.0 0.15 021 0.16
Cw (Canopy width) AE iy e 354 2715 274 79 6.7 6.5 61.69 44.60 42.02 33.0 33.0 31.0 022 024 024
DF (Days to 50% flowering) AU s, 759 759 754 6.2 4.2 4.4 37.85 17.84 19.40 54.0 16.0 15.0 0.08 0.06 0.06
DM (Days to maturity) Odewy G35, 1019 996 970 46 4.0 3.7 21.05 15.92 13.72 25.0 13.0 10.0 0.05 0.04 0.04
LL (Leaflet length) S, Jb 0.8 0.9 10 0.1 0.2 0.2 0.02 0.03 0.03 0.6 15 1.0 0.16 0.20 0.19
LW (Leaflet weight) . G 0.5 0.5 05 01 0.1 0.1 0.01 0.01 0.02 0.4 0.6 0.7 021 025 0.24
PBN (Primary branch No.) A sl sl 25 1.7 14 12 0.9 0.8 1.49 0.83 0.62 5.5 5.0 3.3 049 053 057
PW (Plant weight) G905 35 21 2.0 1.7 1.0 1.0 2.78 1.06 1.05 111 5.3 6.1 048 050 0.53
GWP (Grain Weight.PIant'l) G5 S s Shas 1.7 0.8 0.3 1.0 0.6 0.4 0.99 0.37 0.16 5.7 2.8 2.0 0.57 081 1.15
GNP (Grain No.PIant'l) & g 53 4l sl 5.6 4.3 24 23 2.3 25 5.22 5.31 6.24 15.0 11.0 12.0 041 054 1.04
GY (Grain yeild g.m'z) 4l s e 111.0 384 150 455 26.2 74 2072.30 685.62 54.71 197.6 114.0 32.7 041 0.68 0.50
GNP (Grain No.Pod™) SO s il sl 11 1.1 10 03 0.2 0.2 0.11 0.06 0.03 1.0 1.0 1.0 030 022 018
HI (Harvest index) cab, esls 487 348 148 165 219 110 270.85 480.28 121.83 1125 1237 399 034 063 075
100 GW (100 Grain weight) ghuasoy 240 184 1561 7.2 7.9 8.9 51.97 62.44 78.39 49.3 442 468 030 043 058

T1, T3 and T4: Non stress, moderate and sever water stress, respectively
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Table 2. Correlation coefficients for plant characteristics in Kabuli chickpea core collection in drought stress treatments

18 3% 95 35 dg 3, 35 8 1£235J2% it d3 3% 18 9%
vg 3E WE DE of 28 XEF 9E 18f EUREIENEIBAE 3%
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Plant characteristics S Sl % S 5 \ s \ £ e wE = RS % xE g O .%)'E B % s
a | %8 "\;U g Lz 9 | g T o ? 5 ) g %
g & & -
T1 -
Leaflet.Leaf * €, el ol T3 -
T4 -
T1 -0.101
Canopy height P syl T3 0.054 -
T4  -0.102
T1 0.108  0.529**
Canopy width AE iy se T3 0.018  0.583** -
T4 -0.162 0.527**
T1 0.065  0.460** 0.250**
Days to flowering AUy, T3 0.225* 0.003 -0.095 -
T4 0.263** 0.103  0.048
T1 0.255** 0.361** 0.256** (0.532**
Days to maturity Oty 59, T3 0.171 0.090 -0.016 0.681** -
T4 0.240* 0.234* 0.205* 0.567**
T1 -0.138 0.513** 0.370** 0.253** 0.175
Leaflet length oS ,Jdsb T3 -0.097  0.259** 0.274** -0.365** -0.328** -
T4  -0.133  0.300** 0.250** -0.085 0.007
T1  -0.200* 0.520** 0.277** 0.184* 0.154 0.796**
Leaflet width S, b T3 0.042  0.366** 0.444** -0.173 -0.177 0.500** -
T4 -0.182 0.206* 0.257** -0.111 -0.013 0.347**
T1 -0.201* 0.304** 0.333** 0.032 -0.051 0.260** 0.204**
Primary branches No.  oJsl sl el slas T3 -0.050  0.311** 0.244** -0.200** -0.165 0.277** 0.469** -
T4  -0.052 0.031  0.224** 0.004 0.091 0.187* 0.200**

T1, T3 and T4: Non stress, moderate and sever water stress, respectively
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Table 2. Correlation coefficients for plant characteristics in Kabuli chickpea core collection in drought stress T3 treatments.

18 37 mE S5 A RS AL A5 s JE 3 3L 4= 3T 33 3E
vg 1E B8 2% o 2% xF 28 4% 8 4E 3E %2 33 A 8
Le ws 87 4z 42 JS %y wE 25 "2 9% 1% 4§ (& 5% a-
) . o482 s 3 o2 Yz owa g Yy FE OE E g 6 3% & UE
ant characteristics S ol »{5 -4 “‘58 3 2 e i 5 oW g + 5 0] £ Q0
4 s E S = =
Y, e £ 2
g g =
T1 -0.228**0.489** 0.410** 0.108 -0.007 0.456** 0.399** 0.667**
Plant weight $yu055 T3 -0.147 0.567** 0.538** -0.190* -0.123 0.354** 0.492** 0.614** -
T4 -0.052 0.490** 0.551** 0.066 0.303**0.446™** 0.290** 0.290**
T1 -0.288**0.355** 0.393** -0.059 -0.171 0.324** 0.289** 0.581**0.866™*
Grain weightPlant™ 4, e She T3 -0.250%%0.376** 0.452%% -0.371**-0.223* 0.342** (.425%* 0.495**0.718**
T4 -0.140 0.307** 0.439** -0.172 0.182* 0.300** 0.241** 0.307**0.772**
T1 -0.059 -0.062 0.088 -0.124 -0.056 0.150 0.125 0.078 0.124 0.256**
Grain.Plant™ Gypabsls T3 -0.089 0.315** 0.280** -0.184 -0.081 0.414** 0.370** 0.196* 0.403**0.297** -
T4 -0.076 0.268** 0.401** -0.025 0.220* 0.244** 0.106  0.238**0.711**0.682**
T1 -0.021 0.214* 0.621** -0.125 -0.168 0.084 0.096  0.259**0.119* 0.491** 0.177
Grain Yeild 4> Sle T3 -0.108 0.339** 0.499** -0.458**-0.303**0.278** 0.304** 0.255**0.526** 0.615** 0.300** -
T4 -0.168 0.217* 0.346** -0.518**-0.126 0.213* 0.281** 0.155 0.362**0.597** 0.348**
T1 -0.014 0006 0.097 -0.020 -0.094 0.063 0.085 0.154 0.120 0.117  0.097 0.160
Grain.Pod ™ M s absls T3 -0.042 0.009 0.234* -0.112 -0.177 0.045 0125 0.213* 0.316**0.236* 0.035 0.204* -
T4 0147 -0.030 0.031 0.102 0.144 -0.011 -0.031 0.112 0.118 -0.061 0.152 -0.015
T1 -0.122 0.010 0.207* -0.296**-0.304**-0.082 -0.118 0.066 0.137 0.519** 0.231* 0.411** 0.142
Harvest index calsy sesls T3 -0.067 0105 0.259** -0.036 0.151 0.117  0.067 0.010 0.068 0.443** -0.029 0.162  0.074 -
T4 -0.301**0.216* 0.277** -0.496**-0.157 0.228* 0.184* 0.204* 0.399**0.739** 0.444**0.686** -0.146
T1 -0.026 -0.071 -0.154 -0.170 -0.004 0.137 0.178 0.110 0.181 0.204* 0.988**0.000  0.072 0.065
100 Grain weight sbas oy T3 -0.004 0.401** 0.360** -0.165 -0.001 0.423** 0.406** 0.219* 0.442**0.402** 0.989**0.343** 0.007 0.271** -
T4 -0.206* 0.290** 0.233* -0.400**-0.062 0.347** 0.290** 0.149 0.329**0.425** 0.311**0.631** -0.094 0.408**

T1,T3 and T4: Non stress, moderate stress and sever water stress respectively
*, **: Significant at 5% and 1% probability levels, respectively
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Table 3. PCA analysis of Kabuli chickpea core collection in drought stress treatments
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Plant characteristics AE Slas
48 1% 95 v 3% w8 32 FE g 95 & Jd3 It 45 Jd: 1% 12 g8
g Y8 wE BE 38 = =5 =5 3§ g %% 1§ J§ HE 28 3T 1§
i £ w 2§35 G- GE 38 wE (E 2 2 12 &7 1g b8 38 % S8
N g Lz 35 TE 0 %g 32 42 O 5 4B g onc g MEZ 28 "B 32
18 T v wi & g Tg T2 Mg & Jg g 0§ 3% Yo wm AE
a 3 %o 40 -~ > 2 2 I o Pt S w
< 8 0 9 £ G
E = 8
& )

dul a3 T1 -0.409 0.278 0.419 0.181 0.108 0.848 0.064 -0.072 0.855 0.005 0.430 0.089 0.077 0.753  0.158 424 28.24
P}CAf T3 0.060 0.571 0.623 0.226 0571 0.758 -0.150 -0.108 0.844 0.141 0505 0.110 0.140 0.686 0492 514 3429
T4 -0.183 0.495 0.673 0.467 0.398 0376 0.069 0.364 0877 0521 0549 0.807 0.342 0876 0026 426 2842
" T1 0.499 0.698 0.606 0.289 0.186 0.032 0.694 0.812 0.152 -0.249 0.088 -0.070 -0.067 -0.040 -0.233 2.64 17.64
CI;EZA; T3 0.101 0.381 0.212 0.572 0.465 0.106 -0.178 -0.010 0.244 0170 0.154 0.928 0.928 0223 -0271 194 1292
T4 0.414 0.368 0.254  -0.057 -0.268  0.027 0.860 0.767 0297 -0.622 -0.622 0.225 -0426 -0.149 0279 297 19.78
o T1 0.258 -0.177 -0.145 0.055 0.123  0.060 -0.197 0.078 0.121 -0.009 -0.018 0.970 0.973 0112 0013 204 1360
(;.CNZACJ: T3 0.229 0.326 0.207  -0.359 -0.128 -0.180 0.821  0.860 -0.099  0.028 -0.329 -0.023 -0.026 -0.295 -0.186 155 10.34
T4 0.488 -0.399 -0.079 -0.426 -0.498 -0.069 -0.146 -0.033 0.065 0284 0262 0.396 -0.357 0.265 0282 145 9.60
= T1 -0.160 0.254  0.260 0.844 0.898 0.091 0.086 0.023 0.227 0021 0107 0.085 0.090 0239 039 112 7.45
C)FL‘GC'TZA4£ T3 -0.608 0.212 0.377 0.115 -0.198 -0.178 -0.222  -0.040 0123 0.739 0460 0.070 0.065 0.408 0052 122 8.16
T4 0.244  -0.347 -0.249 0.215 0.276  0.611 -0.049 -0.021 0.040 -0.227 -0.015 -0.014 0.253 -0.049 057 118 7.90
. T1 0.153 0.185 0.412 0.056 0.083 -0.045 -0.322 -0.317 0.226  0.803 0.668 -0.023 0.001 0.458 0.011 1.07 7.15

V""é“ﬂ}‘ T3 - - - - - - - - - - - - - - - -

PCAS ] ] ] ] ) ] ] ] ] ] ] ] ] ] ) ]

T1,T3 and T4: Non stress, moderate and sever water stress, respectively
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Table 4. Stepwise regression between seed weight per plant and plant characteristics in drought stress treatments

Step Number ~ Drought stress Regression equation ;.. 5, 4t R2
T1 Y =-0.075 +0.54 (PW) 0.80
Step 1 T3 Y =-0.235 +0.47 (PW) 0.59
T4 Y =-230.5+0.3 (PW) 0.58
T1 Y =-0.95 +0.51 (PW) +0.02 (HI) 0.90
Step 2 T3 Y =0.52- +0.24 (PW) +0.1(HI) 0.68
T4 Y =-0.513+0.254 (PW) +0.022 (HI) 0.84
T1 Y =0.45+0.51 (PW) +0.17 (HI) — 0.013 (DM) 0.90
Step 3 T3 Y =-0.56 +0.36 (PW) +0.008 (HI) + 0.007 (Y) 0.73
T4 Y =-0.602+0.25 (PW) +0.02 (HI) +0.006 (SW) 0.85

T1 - -
Step 4 T3 Y = 1.57 +0.36(PW) +0.009(HI) + 0.005 (Y) - 0.02 (DM) 0.75
T4 Y =-1.53 + 0.25 (PW) +0.02 (HI) + 0.007(SW) + 0.06 NLL 0.86
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T1,T3 and T4: Non stress, moderate and sever water stress, respectively
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Table 5. Correlation between tolerance and susceptibility indices and yield in non stress and drought stress

(T3) treatment

YP YS STI SSI TOL MP GMP

YP 1 0.498** 0.760**  0.220* 0.593** 0.593**  0.772**

YS 1 0.912** -0.613** -0.364** -0.364**  0.918**

STI 1 -0.347** -0.043 -0.043 0.962**

SSI 1 0.848** 0.848** -0.383**
TOL 1 1> -0.038

MP 1 -0.038
GMP 1

YA

Loy &S5 o Jlez| C}]a‘«_)s_)b@m o 4 KK
*, **: Significant at 5% and 1% probability levels, respectively
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Table 6.Correlation between tolerance and susceptibility indices and yield in non stress and drought stress

(T4) treatment

YP YS STI SSI TOL MP GMP

YP 1 0.293** 0.669** 0.361** 0.922** 0.922**  0.705**
YS 1 0.871** -0.698** -0.099 -0.099 0.874**
STI 1 -0.317**  0.344**  0.344**  0.975**
SSI 1 0.658**  0.658**  -0.318**
TOL 1 1> 0.380**
MP 1 0.380**
GMP 1

M,:&;@JL.:.»!C,JM)J)\:@#%;Q:**,

*

* **. Significant at 5% and 1% probability levels, respectively

50315 QLS TOL 5SSIL s e 5 oo Seerad
D35 5 ¢S 288 oL i 4 Coulo e s 1
A5 G555 050 5 o slae odias DL add 5e
(Farshadfar et al., 2001; il o Sés o>
4> Kanouni et al., 2002 and Zabet et al., 2003)
POV a5 LS e gl adlge 93 55 Tasles
P i 04S a5 ST Ol i 1 ey VF/VF
diles o oS5l st Slis uibyls 3 Aoy
059 Slals 5 dis S e (69 Ts Hlas LS
L e ld bl o9 5 ol glnad s
V_w,.c,_wlo.u; 6303 QLAY J g 55 Hles 95 2 s
ol e 2050 sl 4 sed U L s sel
d;\;ou._;g;a)ugyﬁ,nﬂyijwjl
sLaesls 5 e MP 3GMP STI sla asLs
VW 5 VE VE VF OV SA Y P OFA a5
FOsLac3 55 5 (Cadl oY s s i) Ts sl s
To s 53 V) 5 PAN O SV % B+ FV.FQ
Joladse 03—yl s a s dY Hlss o)
33 i) Sl pssa—dse 5 SV
S Jemie s o (o sad 5 Sl ) Cann
G0 Sl B e Sl pad AL e S 5
PS5 ¥ by b 35 s L s WARD
Ts 5Ta yles 935 ;2 534S 5,5 (gdbatws S F

14

&l e Ll 3l (Gabriel, 1979) L & <M b
e le S5 el (65 b5 5 Sl 4 2
St g Sl e oy il 8 30 5
3 edd dcwle gla ol g Calibes Gla S 55 )
Slaadd s i an 25 G b 5 Ta 5T T Ll 5 5o
R Jeole s 8 8 15 s s !
St ol b et L S el L o
by i 5 osllan Lol s 5o 6l 5 Slas U s s ls
Lezzoni and ) ¢S5 1 568 505 polie 4 ax 5
Ol ki o 2w Ta e 53 S 51> Ol (Prits, 1991
5 Lo e ol adlpe 55 Lo g Laesls
Ao g Ol il s 5l a5 YY/AL 5 7V/VF
a3 PVVF olgs s aS Joladgn 558 e
5 e Saan 08 o a5 1 baosls JS ks
Sle et li 5 (i byl b s il 5, Ses b VL
claar s U i Koaen sMP 5GMP STI
Olgie oo aS ad g ool 10 sl L2 SSI 5 TOL
Sl 0 (1S oL (St ey il
(Farshadfar et al., 2001; Kanouni et al., 2002 and
oo slacs 55 Ll g » Zabet et al., 2003)

= slacs 555 Y0 s, s Uy Sis
Ao 3 YYD a5 L g3 4 go o las &S5

&qu\ﬁjabjﬁwbwhgtwdfb\ﬁd



1.4-

1.2+

1.0 o

0.8 —

STI
STI

0.6

0.4 -

0.2 -

il

L!Ll”iﬂ i 0.0

@

03,5 5 (STI) 55 Jasws Lastls ((YS) L2 Ll b5 5 Slhes o YP) o5l 5 Shes (gubm dun I ga5 =) IS5
(D) Ty (@) Ty (Stam 25 Lol & 53 w2 3550 6 G 55 S
(Aos 3) aas o 0l 1y osllas Lol o 5 25 Lol 3 55 YU s Slas 6hyls gls w535 ¢ JKo 53 ol jaseiin cla o jlad
Fig.1. The 3 D plot among STI, Yp and Ys under T3 (a) and T4 (b) treatments .The number of the genotypes
with higher yield in both control and stress conditions (group A) are shown.
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Fig 2. The bioplot display of stress tolerance attributes and chickpea genotypes yield in drought stress T3 (a)
and T4 ('b) treatments
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Effects of drought stress gradient on agronomic traits in Kabuli chickpea core
collection

Pouresmael’, M., M. Akbari?, Sh. Vaezi® and Sh. Shahmoradi*

ABSTRACT

Pouresmael , M., M. Akbari Sh. Vaezi and Sh. Shahmoradi. 2009. Effects of drought stress gradient on agronomic traits
in Kabuli chickpea core collection. Iranian Journal of Crop Sciences. 11 (4): 307-324 (in Persian).

Drought stress is the most important limiting facor in rainfed agriculture all over the world. Generally, in the west
Asia region, chickpea is cultivated as a rainfed crop, and its pod- filling phase often sufferes from late season drought
which significantly reduces seed yield. To study the genetic variation and to determine the relationship between seed
yield and some agro- morphological traits, the reaction of 103 accessions of Kabuli chickpea core collection of Natioanl
Plant Gene Banak plus three improved cultivars (Jam, Arman and Hashem) was evaluated under four moisture
conditions: normal (T4), low (T,), medium (T3) and limited (T,), using line source irrigation system. Experiment was
conducted in Karaj Research Field Station Seed and Plant Improvement Institute, Karaj, Iran in 2006-07 cropping
season. Different agro- morphological traits have been measured and recorded. Descriptive statistics nalysis revealed
that there were significant variation in number of sub- branches, plant dry weight, number of seed per plant, harvest
index, 100 seed weight and seed yield. Seed weight per plant had the most coefficience of variation. Variation in stress
tolerance and susceptibility indices suggested a high genetic variation in studied Kabuli chieckpea genotypes. The
correlation between seed yield, in stressed and non-stress conditions, and different drought tolerance indices indicated
that STI and GMP were the more suitable indices for screening of Kabuli Chickpea genotypes for drought tolerance.
Comparison of three dimension plot and bi-plot showed that in T3 condition, genotypes no. 67, 68 and 74 and in T4

conditions, genotypes no. 45, 47,105 and 110 were of higher drought tolerance.

Key words: Drought tolerance indices, Drought stress, Kabuli chickpea, Bi-plot analysis and Seed yield.
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