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1. Stress tolerance

2. Mean productivity

3. Stress susceptibility index

4. Geometric mean productivity
5. Stress tolerance index
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Table 1. Used chickpea genotypes and their origin
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Reference Flowering situation  Response to drought Origin Seed bank ID No.
Sedaghatkhahi, 2007 MF - Luly o> T- Joxto ICARDA-Is,IG1 - (Flip87-84c) MCC333 1
Ganjeali et al.,2009 EF - 5 o5 T- Joxto Iran- | | MCC537 2
Ganjeali et al.,2009 EF - 5 o5 T- Joxto Iran- | | MCC544 3
Ganjeali et al.,2009 EF - 5 o5 S- olus Iran- | | MCC674 4
Sedaghatkhahi, 2007 MF - Luly o> S- olus ICARDA-Is I, (Sel96TH11439) MCC753 5
Ganjeali et al.,2009 LF - 5 o S- olus ICARDA-Is ;) (Flip97-41c) MCC759 6
Ganjeali et al.,2009 EF - J§ s T- Joxto ICARDA-Is ;) (Flip97-43c) MCC760 7
Ganjeali et al.,2009 MF - Luly o> T- Joxto ICARDA-Is ) (Flip97-91¢) MCC770 8
Sedaghatkhahi, 2007 EF - J5 s S- yolus ICARDA-Is,I51 (Flip97-97¢) MCC773 9
Ganjeali et al.,2009 LF - 5 o S- ol ICARDA-Is,I51 Flip97-120c) MCC783 10
Ganjeali et al.,2009 LF - 5 o S- yolus ICARDA-Is,I51 - (Flip97-196¢) MCC806 11
Saxena et al.,1993 EF - J5 s T- Joxto ICRISAT-cws )51 (ICC4958)  MCC877 12

Abb.: MCC: Mashhad Chickpea Collection, T: Drought tolerant, S: Drought susceptible. EF: Early flowering,
MF: Mid flowering, LF: Late flowering
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Table 2. Effect of drought stress on plant height, main root length and branch number

in 12 chickpea genotypes
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o=Nbe Branch number Xl Main root length (cm) (il Plant height (cm)
Mean ,b-# ,b-¥ aallé  Mean L% ,0-Y  wald  Mean ,L-7,L-Y wallh ool
-6bar-3barControl -6bar -3bar Control -6bar-3barControl Genotype
80b 80 6.0 10.0 31.3abc 213 417 30.8 22.9cd 203 20.0 283  MCC333
64c 57 70 6.7 26.6abc 18.3 32.0 29.3 28.4a 243 283 327 MCC537
58¢ 63 53 57 32.6ab 233 38.0 36.3 27.0ab 26.0 253 29.7 MCC544
63bc 57 63 7.0 28.0abc 20.7 383 25.0 259abc 20.3 28.7 287 MCC674
I1.1a 113 103 11.7 27.dabc 17.7 36.7 27.0 14.0e 13.0 13.0 160 MCC753
52¢ 33 63 6.0 286abc 23.0 39.7 23.0 25.3abc 22.0 26.0 28.0 MCC759
63bc 40 85 63 287abc 36.0 26.0 24.0 28.4a 26.7 273 313  MCC760
6.6bc 70 50 7.7 33.5a  30.7 395 30.3 19.2d 16.7 18.0 23.0 MCC770
72bc 57 87 73 288abc 193 38.7 28.3 20.4d 18.7 20.3 223  MCC773
88b 10.0 87 7.7 25.8abc 20.7 35.0 21.7 21.3d 203 19.0 247 MCC783
6.6bc 57 63 77 24.6bc  31.7 213 20.7 20.6d 17.0 19.7 25.0 MCC806
52¢ 43 3.0 83 23.1c 263 16.7 263  23.2bcd 21.3 19.0 293  MCC877
LSD=1.8 6.4a 6.8a 7.7a LSD=10.2 24.1b 33.6a 26.9b LSD=6.820.6b22.1b 26.6a Mean 15lw

o0 e 5o lite OIS Ske duglie 51 LSD Jlade +/+ 0 mhaw 10 (Sils slaraloaiz xSl duslie 5031 Golusl ool &l 31 Kilo dnnlio
Simple effect mean comparison based on Duncan's multiple-range test, significant difference at 5% level of probability.

Interaction compare with LSD, significant difference at 5% level of probability.
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Table 3. Effect of drought stress on shoot dry weight, root dry weight and root per shoot ratio
in 12 chickpea genotypes

lgp plail d ) Cound

g el A (33

(69 0 p,5) ally y Sl (439

e . . . (G 2 p,5)
il Root per shoot ratio o Silw Root dry weight (g/plant) ko .
Mean RS Mean Shoot dry weight (g/plant)
b= LY el -7 SL-¥ aals =F Y el Lt
-6bar -3bar _ Control -6bar -3bar Control -6bar -3bar  Control Genotype
0.61ab 0.62 0.65 0.56 0.86abc  0.76 0.83 0.99 1.50abed 1.44 1.27 1.79 MCC333
0.54b 0.48 0.43 0.73 1.05ab 0.64 0.84 1.67 1.86a 1.24 2.02 2.32 MCC537
0.64ab 0.58 0.78 0.57 0.66bc 0.52 0.68 0.78 1.12defg 1.03 0.86 1.47 MCC544
0.67ab 0.81 0.53 0.66 0.90abc  0.82 0.83 1.03 1.37bcdef 0.94 1.63 1.55 MCC674
0.84a 0.73 0.93 0.84 0.82abc  0.59 0.76 1.12 0.99fg 0.81 0.86 1.32 MCC753
0.87a 0.84 0.71 1.06 0.88abc  0.39 1.07 1.18 1.03efg 0.46 1.40 1.21 MCC759
0.53b 0.63 0.58 0.36 0.74bc 0.42 0.99 0.82 1.60abc 0.68 1.85 227 MCC760
0.83a 0.95 0.77 0.79 0.70bc 0.58 0.57 0.95 0.85g 0.65 0.69 1.20 MCC770
0.68ab 0.64 0.80 0.60 0.86abc  0.45 1.00 1.12 1.28cdef 0.72 1.25 1.87 MCC773
0.69ab 0.55 0.81 0.71 1.14a 0.84 1.17 1.41 1.73ab 1.60 1.62 1.98 MCC783
0.66ab 0.77 0.65 0.57 0.89abc  0.59 0.95 1.11 1.43bcde 0.81 1.53 1.96 MCC806
0.64ab 0.56 0.81 0.56 0.58¢ 0.19 0.44 1.12 0.96fg 0.35 0.61 1.91 MCC877
- 0.68 0.70 0.67 LSD=0.56 0.57 0.84 1.11  LSD=0.59 0.89¢ 1.30b 1.74a ";u
ean

10 s ys Blite SIS Sk dunlie g1 LSD jladie /-0 alaw 10 Sils glasals siz (uSlos duglia (5051 (wlel 5 ooles &3 S5l dulie
Simple effect mean comparison base on Duncan's multiple-range test, significant difference at 5% level of probability.
Interaction compare with LSD, significant difference at 5% level of probability.
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Table 4. Effect of drought stress on relative water
content (RWC) in 12 chickpea genotypes

(30,0) S g3 O (camud o
o=55le  Relative water content (%)

Mean  ,b-%#  ,L-¥ aali o 95
-6bar  -3bar _ Control Genotype
63ab 56 59 75 MCC333
67a 49 77 75 MCC537
47d 23 51 66 MCC544
53bed 33 59 67 MCC674
64ab 50 69 72 MCC753
50cd 32 44 75 MCC759
50cd 29 52 69 MCC760
50cd 39 38 72 MCC770
58abc 30 71 74 MCC773
63ab 42 72 76 MCC783
0.68a 60 61 84 MCC806
48cd 39 40 65 MCC877

LSD=16  40c 58b 73a Mean ¢yl

5SSl glaalosis Sk dunlie fyge3l bl ool &l 31 LKl dslie
s > el dslie gesl bl 5 Pl 5eSbe 4

10 s s Blie S Sile avglin gl LSD Juie +/+0 elaw
Simple effect mean comparison based on Duncan's multiple-range test,
significant difference at 5% level of probability. Interaction compare with
LSD, significant difference at 5% level of probability.
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Fig. 1. a) 3D scatter plots of plant height, branch number per plant and RWC in chickpea genotypes;
b) 3D scatter plots of shoot dry weight, root dry weight and RWC in chickpea genotypes

O G0 s 5 Cude M JS oS plogze b
Sy ol o e b b o slo a3 li 5 JS Sas solo
e ol e 0 (VS 9 Y Jgu) ol cnnlice
ST i e o o Sas sole 5 S Ol s lade
Bolo b L eo] cod Jladio )b-F i e 0 .0 odmlice
A )L) . 5 w“ ..-, i" . @‘H ra‘.)._;‘ s
sj)_g u.:" b_.»_m) )‘..\_G.A ) 4.'4.:‘) )y eos)l.cA.g (?Jsb)
Lacissy ;o Cuaglin slajaslis b anlllas )50 slacaiss)
po g dald sl 0 Sy ;,j e Hloe a5 ol Lis
Lacasgs )0 Cwglio b als b (g o cme bL3 I )L-F
Glod ;0 Sy ol e i a5 cnl Jb o ol ol
@ Jomio lacaisly S 5o LY sal b (Sas i
)‘*5)5—7.';.‘ )L-.‘_? ey )L““ A S (§ il (55 0 )'| usi“o
3O i ol Massomi et al.(2005) wyzg ol b ool
6‘)—’ ’,u.»_’ i JLQ—C! Al w).’wtdo ‘) )Lg—? G-y 5»)5\.\700
pe b O )0 0aliilS 0955 Joie locadsly GisS

\Al

Pl s 4y, o 5 ol i, g 5041 3923
Slediay (Sl olitzl 033l )5 S5 Slas alex 1 2lea
Sade bas o Sl 30 Clas ()l dsdlas cpl )0 g o0
U Slogas (ol s oo i &5 Sl S O (o
LB S pdd barone )3 Lol (S 50 Sl
o xe b | 599 pae 55 Ganjeali ef al.(2007) .ol
Sy ain) Job b eSigg s Lyl o als) Job o
Otlpls asogr 03,5 ()55 0956 8597+ lalS o 1) (8
Sl Ste Coge S e o (Joldty, ok 4z S
Somtan LS pd Glosl )o Cush) 4 logalishl (o s
o ewd Jesay Sl (S« Sigg o Lans o Lol 039,00
26U ol it Job (ol Jlone &) 4y, S319S,
az ST aw, oo Hhaia bl aila 0950 Sis 4 olS Cunglie
Lt o L s i35 olSl St e 3
o Cenglie S )0 Sapogas (nl (w2 )0 3529 i
Lol S e Sliole] pikine dacuig jo Sias
Sy5— SLagass ) ;b ) SiS (59 45 Sy o0yl
Ay Ol 9 ol (Gady Caxdg g s £95 @ canllla
D0 0929 o 90l o Jobs o9 g el glen plail



TFRY gl o) oo F il [ttt ligad SR 93 &5 ... G5 &1 G35 (51t 3 6952 0 313

S>3 3 Jamshidi-Moghadam et al. (2007) .cils Lias a S au, o, laia oopl pogdle ain S Syme S
GS 1 S O oo e 5 (S5 4y o oo abad e b Vb (Soan o S25 sl o o 5 Cush,
Adgy 00,5 i i byl s 0 0956 sle g Cawglin 9 0l
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Table 5. Correlation matrix of chickpea morphological properties in total (above diagonal) and control (lower diamond)

@) @ (€] (C) () Q) )
1 0.11 L0.25% 0.33%* 0.57%% 0.50%* 0.22 Sy gl (1
Plant height
0.19 1 -0.04 0.14 0.01 0.07 0.07 iy, sk (2
Main root length
-0.45%* 0.01 1 0.38%%* 0.35%* 0.4]1%% 0.30%* a3l slaws (3
Branch number
0.12 0.11 0.19 1 0.68** 0.88** 0.49%% kg, Sz aale (4
Root dry weight
0.56%* 0.07 -0.08 0.41%* 1 0.94%% 0.56%* sl plul Sas ‘S._sLa 5
Shoot dry weight
0.42%* 0.11 0.05 0.82%* 0.86** 1 0.58%% 5 Sz 8ol (6
Total dry mater
5ol ARV
-0.19 -0.14 0.07 0.24 0.03 0.15 1 S ol s e (7

Relative water content

0= 0.01 50=0.05 mhas 15 )0 o Jre o5 a4y F* g *
*and **: Significant at a= 0.05 & a= 0.01, respectively.

(2l /b8) )17 9 (YL ) )b-F )0 9950 Bunds g oIl Wlo (Swnod al b -7 Jgux
Table 6. Correlation matrix of chickpea properties in -3 bar (above diagonal) and -6 bar (below diagonal)

1 2 (3) “4) ®) (6) (@)
1 0.05 -0.25 0.21 0.54%* 0.44%+ 0.00 sy gyl
Plant height
0.15 1 0.12 0.28* -0.09 0.07 0.10 o Jk 2
Main root length
L0.43% 0.33* 1 0.36* 0.32% 0.43% 0.30% i olas 3
Branch number
0.13 -0.18 0.51%* 1 0.50%* 0.78%* 0.19 Ay, S a..»'La 4
Root dry weight
lon Al S 5
0.26 022 0.58%* 0.82%* 1 0.92%* 0.44% s ol Sas 8oL (3
Shoot dry weight
0.22 2021 0.58%* 0.92%* 0.98%* 1 0.40%* J5 Sz asle (6
Total dry mater
& k_J’ . l -
-0.13 0.16 0.26 0.19 0.28* 0.26 1 Sl ol ke (7

Relative water content

0= 0.01 5 0= 0.05 mhas 15 )0 Jlo Jre o i a4y F* g *
*and **: Significant at a= 0.05 & a= 0.01, respectively.
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Table 7. Effect of drought stress on biomass and drought resistance indexes in 12 chickpea genotypes

(St a4 Cawglin glapsls (g 5 p,5) J§ Sl 20k

drought resistance indexes Total dry mater (g/plant)  <wigi)

GMP GMP STI STI TOL TOL MP MP SSI SSI oSl L7 HL-Y sall  Genotype
(-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) pfean -6bar -3bar Control

2.47 2.41 0.76 0.72 0.58 0.69 2.49 2.44 0.43 0.98 2.36ab 2.20 2.09 2.78 MCC333
2.74 3.38 0.93 1.41 2.10 1.13 2.93 3.42 1.08 1.12 291a 1.88 2.86 3.99 MCC537
1.87 1.87 0.43 0.43 0.70 0.70 1.90 1.90 0.64 1.24 1.78bc 1.55 1.55 225 MCC544
2.13 2.52 0.56 0.78 0.82 0.12 2.17 2.52 0.65 0.19 2.27ab 1.76 2.46 2.58 MCC674
1.85 1.99 0.42 0.49 1.03 0.81 1.92 2.03 0.87 1.32 1.82bc 1.40 1.62 243 MCC753
1.42 2.43 0.25 0.73 1.55 -0.08 1.62 243 1.33 -0.13 1.90bc 0.85 2.47 239 MCC759
1.85 2.85 0.42 1.00 1.98 0.45 2.09 2.86 1.32 0.58 2.27ab 1.10 2.63 3.08 MCC760
1.63 1.65 0.33 0.34 0.92 0.89 1.69 1.71 0.88 1.64 1.55¢ 1.23 1.26 2.15 MCC770
1.87 2.60 0.43 0.83 1.82 0.74 2.08 2.62 1.25 0.97 2.14bc 1.17 2.26 299 MCC773
2.88 3.08 1.02 1.17 0.95 0.60 291 3.09 0.58 0.70 2.87a 2.44 2.79 339 MCC783
2.07 2.76 0.53 0.94 1.67 0.60 2.24 2.77 1.12 0.77 2.32ab 1.40 2.48 3.07 MCC806
1.28 1.78 0.20 0.39 2.48 1.98 1.78 2.04 1.68 2.59 1.54c 0.55 1.05 3.02 MCC877

LSD=1.1 1.46c 2.13b 2.84a oSl

Mean

10 a5 Jlite Sl Sk dunlie g1p LSD jladie .o/+ 0 mhaw 48 oS3l (glaislosiz (Sl amlie (yg03] (wlol s ooles 31 (pSiloo dulie
Simple effect mean comparison based on Duncan's multiple-range test, significant difference at 5% level of probability.
Interaction compare with LSD, significant difference at 5% level of probability.
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Table 8. Correlation matrix of drought tolerance indexes and RWC in drought treatments in chickpea

@ ()] 3 ) ) (6) Y ® &) 10) an a2 a3)
SSI SSI MP MP TOL TOL STI STI GMP GMP RWC RWC RWC
(-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (Control) (-3bar) (-6bar)
1 0.27 -0.45 -0.17  0.95* 0.8 -0.48 -0.24 -0.54 -0.28 -0.35 -0.24 0.14  (GL-MSSI
1 0.03 -0.41 0.37 0.92%%* -0.03 -0.58* -0.04 -0.63* -0.09 -0.32 -0.18 L-#)SSI(2
1 0.81%* -0.19 0.35 0.99%*%  0.72%*  0.99**  0.71%* 0.46 0.69%* 0.23 OL-Y)MP (3
1 0.03 -0.04 0.83**  0.97**  0.80**  0.96%* 0.38 0.78%* 0.42 OL-#)MP (4
1 0.47 -0.23 -0.09 -0.29 -0.14 -0.27 -0.09 0.21 OL-Y)TOL (5
1 0.28 -0.25 0.26 -0.29 0.01 -0.03 -0.03 (L -#) TOL (6
1 0.75%*%  0.99%*  0.74%* 0.48 0.70%* 0.22 OL-Y)STI(7
1 0.73%%  0.99%%* 0.38 0.75%* 0.40 GL-#)STI(8
1 0.73%* 0.50  0.70%* 022  (L-¥)GMP (9
1 0.40 0.78%%* 0.40  (L-#)GMP (10
1 0.43 0.67** (sals) RWC (11
1 035 (L-Y)RWC (12

1 GL-»RWC (I3

.0=0.01 5 0= 0.05 mhaws )5 )5 o gire i iy HH 5 *
*and **: Significant at a= 0.05 & a= 0.01, respectively.
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Table 9. Correlation matrix of drought tolerance indexes and biomass in drought treatments in chickpea

GMP GMP STI STI TOL TOL MP MP SSI SSI 3 o
(-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) Yield
0.61* 0.82%* 0.65* 0.85%* 0.56* 030 0.80** 0.87** 021 0.02  (control) (asls)
0.64* 0.94%* 0.63* 0.92%* 0.09 -0.57* 0.66** 0.91** -0.13 -0.77%* (-3 bar) (L-")
0.93%* 049 0.91*%* 0.49* -0.60* -024 0.81** 044 -0.85%* 029  (-6bar) (L-%)

0= 0.01 5 0= 0.05 mhas 15 )0 Jlo Jre i a4y F* g *
*and **: Significant at a= 0.05 & a= 0.01, respectively.
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Table 10. Principal component loading for the measured trait of chickpea genotypes

3l e
L
GMP GMP STI STI TOL TOL MP MP SSI SSI Y Y l‘,JS W‘:’ aidje
(-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (-6bar) (-3bar) (Control) “;lf"t’;;l“’" Factor
variation
(%)
|
092 093 092 -093 004 030 -093 -091 037 050 -0.77 -0.89 -0.74 58.01 Js
PCAl
022 028 017 031 099 054 004 037 088 034 -054 009  0.63 25.11 £9°
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9
®
£ MCC783 MCC753
-1 ¢ = MCC770
<
MCC674 -
2 MCC333 MCCs44
[+]
-3
-6 -4 -2 0 2 4 6

Factor 1: 58.01%
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Fig. 2. Biplot based on two major principal component factors
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Abstract

Late-season drought is the major constraint reducing the productivity of chickpea. This experiment was
carried out to study response of root and shoot characteristics in 12 chickpea genotypes to drought stress.
Two-drought stress levels (-3 and -6 Bar) induced by PEG 6000 and control in hydroponic condition at green
house was performed. Leaf relative water content (RWC), plant height, number of branches, root length,
shoot and root biomass measured two weeks after drought imposition. In addition, drought susceptibility and
resistance indices based on biomass calculated and correlation matrix was obtained among the traits studied.
Result showed that leaf relative water content (RWC), plant height, branch number and shoot and root
biomass significantly reduced by water stress and root length increased in -3 bar compare with control
condition. Biplot analysis on drought resistance indices showed that MCC783 and MCC877 genotypes with
2.87 and 1.54 g/plant had the highest and lowest dry matter production, respectively. It seems that selection
for drought tolerance of chickpea genotypes in hydroponic condition is not applicable to soil condition.
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