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1. Stress Susceptible Index (SSI)

2. Tolerance Index (TOL)

3. Mean Productivity (MP)

4. Geometric Mean Productivity (GMP)
5. Harmonic Index (HAR)

6. Stress Tolerance Index (STI)
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Table 1. Mean squares sources of variance for traits of chickpea genotypes under field conditions

(Mean squares) e po (Kb

i polin ool amys  ails s Shas Sis ol jbal sl B pabolas HpSS Ay e
S.0V daf Seed yield Total dry Number of Number of Seed weight Seed protein
matter seeded pod seed per pod per plant
Replication 1,5 3 405.24 5949.03 6.60 0.24 1.15 5.06
Irrigation (I) (sl 3 17594.03" 153982317 695.00" 6.13" 68.44" 11.82™
Ea Gl slhs 9 36.93 4825.93 6.20 0.10 0.51 4.65
Genotype (G) iy 6 6457.49" 20656.59" 61.68" 454" 433" 0.18"
G sy x (5 k] 18 595.91" 2537.63™ 40.79"" 1.00" 229" 0.12"
Eb o sl 72 87.87 2793.32 9.70 0.17 0.63 0.07
C. V(%) (3o )2) Sy gy 9.19 21.95 20.71 23.76 18.84 1.22

0= 0.01 5 0=0.05 mhaws o 50 jlo cmo g o gixe e ol jay ¥ 5 * s
ns :Non-significant, *and **: Significant at o= 0.05 & o= 0.01, respectively.

o 0 o bl o 0wl o Slee ials jo
oY cwl eals 5 55 Soltani e al. (2001)

als o Shae oy oS JLC3279 4 oy i FLIP9S-143C
G5 bl S Sl deglie amals 1) mhaw asly o
oY dsere ilel o a5 S ol gy (Ses
Ao o Sis w0 g ab o Sles oy i FLIP99-1C
(O JSo) cdsls 1y i o ieS ILC3279 Y (gaucddle
o5 Ak (25 8390 Jsb 5l ok (Jseme ikl o
Soge S Ol Do > B g Joady g wdlee
M olaws g Glidl (IS 5y el vgeS Lyl 0 0,5 0
O slaw ols ol 958 b il malS wg e e
Singh & 4 Ghasemi et al. (1998) lLug o450 &g o

ol 00 5155 5.5 Saxena (1991)

AY

byl o ks o col gl 5l Sl o Sile auslie

sole (339 (e LS cgan e A pe b SiS S
g B o dils olass loails B olass wils o, Slae (Sl
Goll Gl e oty &S Il wiad 655 &l 5
Ghasemi et al. lwg 553 mls oelcwsd Jsere
Colom & Vazzana (2002)y Misra (1991) (1998)

ool clls 1) S bole o ity cgmdgm pd, 0D 5,58
SYsb 5,90 o 0 sere il Lulpd o als o Slee
Silim & .ol o5b g 0 B iy odlass g ails ok )
s gy Juo 0 eVl ST sl bl Saxena (1993)
y Sb gl 5l Ol pses wils (ad )l Sl 890 50 ohga

bLaé 6LQ,4‘ >S.m.> > L.)“"J u...m ‘35-“4(5" e I% OLS w).o.wé 5



Y Jlo o) o ko ¥ ol [t pt b gud> (SO 3 i /.. Josll S S5 10yl § g

200~
) =
. 160- = L
A o = | o = [[]Normal irrigation
E 1S 2 = e
T::ﬁ = [ 1= a0 .
; 120 » o 20 _ 2. - o2 - [[]Branching stage
= 4Rl e £ £ o0 = |~ - £ = £
'E_a 30 =i e == iT‘ = .~ = []Flowering stage
< == L= = — )
3 _ = < [ Podding stage
“ o 40-
0 — T T . T = T _— T T 1
= 3 3 = g 3
= q = y -y = g
—] | c .
g 2 X 2 2 & =
B & B = =
] = | =3
= -
= = =
Genotype
3950 i gij 30 Aild 8 ySlos o (5l (5 ykel Z gk 10 a9y Joliie 1) S
Fig 1. Interactions of genotype by irrigation levels for seed yield in chickpea genotypes
A>ye jo Sas i og bails M slaws oy i Gl sme yobay JLC3279 Y o jloasls (3D slows
B olaws (pfeS cge Y pler (59, p B 50 sl i eSS0 (gom 5l g 0 bicadsi ple 5l i
(Y JS8) o laasls g i i bl pas Jel> FLIP97-111C Y
ILC3279 Y Jeexe olol jo a5 ol lid cudgs
304 =
= ] Ea)
= | = L
= 7 o ] Normal irrigation
Z 0l F ¢ = o S
-+ 204 = = . e i
H Ay . = E - 1> . B []Branching stage
= 4 al — = o o SO b o = [JFlowering stage
T =% ?a 2 o —— EM B
= 10 | — — = ] 2 [[JPodding stage
g | = = o
E S
Z i =3 | =
0 = [ I | T T I - I - T 1
g " % g o2 %
= - n - g g gl
= N ] b = Q
- Q_' o
© g g g 5 & =
3 = 3 2
= ] =
Genotype

3955 sl g3 5o 4I0ails BN Sluxi o sl (5 slel Zobaw 30 caigi) Bl J1-Y S
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Fig 3. Interactions of genotype by irrigation levels for number of seed per pod in chickpea genotypes
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Fig 4. Interactions of genotype by irrigation levels for seed weight in chickpea genotypes
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Table 2. Values of drought tolerance indices at different growth stages in chickpea genotypes

Stress i Genotype wwig;  STI MP GMP SSI TOL HAR
< Af’ e Ghazvin 0.70 111.3 109.6 1.81 37.7 107.9
Branching stage
FLIP97-111C 0.45 88.5 88.3 0.54 7.5 88.2
FLIP98-134C 0.83 119.6 119.2 0.88 17.7 118.9
FLIP98-143C 1.24 146.3 145.8 0.94 23.2 145.2
FLIP99-1C 1.43 157.7 157.1 1.01 27.5 156.4
Bivanich 1.05 134.0 133.8 0.64 13.5 133.6
ILC3279 0.45 88.3 88.0 0.99 14.7 87.7
B e Ghazvin 062 1066 1038 145 472 1012
Flowering stage
FLIP97-111C 0.42 85.6 85.2 0.53 13.2 84.8
FLIP98-134C 0.74 113.7 112.7 0.81 29.5 117.7
FLIP98-143C 1.08 137.7 136.1 0.92 40.5 134.6
FLIP99-1C 1.00 136.2 131.3 1.46 70.5 126.6
Bivanich 0.93 126.8 126.0 0.71 27.7 125.3
ILC3279 0.39 83.1 82.1 0.95 25.2 81.1
oD A e Ghazvin 0.53 100.7 96.1 1.14 59.0 91.8
Podding stage
FLIP97-111C 0.36 80.1 79.0 0.58 242 78.0
FLIP98-134C 0.58 103.2 100.0 0.84 50.5 96.7
FLIP98-143C 0.88 127.0 122.9 0.84 62.0 119.0
FLIP99-1C 0.81 126.7 118.3 1.12 89.5 110.4
Bivanich 0.45 98.2 88.3 1.32 85.0 79.4
ILC3279 0.28 73.5 70.0 1.11 445 66.7
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Table 3. Correlation coefficient between drought tolerance indices and seed yield in normal and drought stress at
branching, flowering and podding stages conditions

STI MP GMP SSI TOL  HAR Y

Stress Drought tolerance index
SR 0-FA>
Branching stage MP 0.99"

GMP 0.99" 0.99"

SSI -0.02"™  0.02™  0.003™

TOL 0.38™ 0.41™ 0.40™ 0.91™

HAR 0.99" 0.99" 0.99" -0.01™ 0.38™

Yy 0.97" 0.98" 0.98" 0.17™ 0.55™ 098"

Ys 0.98" 0.98" 0.98" -0.15™ 0.24™ 099" 094"
2l Al e
Flowering stage MP 0.99"

GMP 0.99" 0.99"

SSI 0.25™ 0.33™ 0.28™

TOL 0.60™ 0.66™ 0.61™ 0.89"

HAR 0.99" 0.99™ 0.99" 0.22"™ 0.56™

Yy 0.94" 0.97" 0.95" 0.53™ 0.82° 093"

Ys 0.94" 0.92" 0.94" -0.04™ 031™ 096 0.80
G Al s
Podding stage MP 0.98"

GMP 0.99" 0.99™

SSI 0.05™ 0.20™ 0.07™

TOL 0.54"™ 0.67™ 0.56™ 0.81"

HAR 0.99" 0.96" 0.99" -0.04™ 0.44™

Yp 0.89" 0.95" 0.90" 0.45"™ 085"  0.84"

Ys 091" 0.83" 0.90" -0.33™ 0.16™ 095"  0.64™

gk ok ns

0= 0.01 5 0= 0.05 mhaws o 55 lo sme g )l gine ué i jay ¥
ns :Non-significant, ¥*and **: Significant at o= 0.05 & o= 0.01, respectively.

AY



WA Jlo o) oyleds F aler [yl ot Db gad SR 3 & i /... Joadl e o351 ¢y]5 5000 g b gue

S 0-F Al 5o )0 (Shs i 4 Joxi gl Sl 8519 sla,l0 0 9 (e whew 029 0l -F Jgua
Table 4. Eigen values, cumulative proportion and eigen vectors of drought tolerance indices at branching stage

5o o3 nolie e e ST MP GMP SSI  TOL HAR
Component Eigen values Cumulative proportion

1 6.12 76.58% 0.401 0.403 0.403 0.035 0.192 0.402

2 1.86 99.87% -0.080  -0.047  -0.061 0.729 0.644 -0.076

MP ooy Stz 4 Jod slo ol 4 bgyye slajls
09,5 ;o dacigy &d Jg o)l 1,8 STI g HAR .GMP
@ g gl a4 bgyye slajloy Ojglre jo 9 500
R Ml el cwnd s Jy asile lE Sas
4 leais) ol popumlesasd Slis a5 aisg aid)S

SSI
1 TOL
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Abstract

In order to investigate the effects of water deficit at different growth stages of chickpea genotypes,
determining the best drought tolerance index and genotypes, an experiment carried out in the Saatlu
Agricultural Research Station of Uromia in 2008-2009. The experiment was split plot based on the
randomized complete blocks design with four replications, in which, four levels of irrigation as the main
plots based on water withholding at branching, flowering and podding stages and normal irrigation, and
genotypes including Ghazvin, Bivanich, FLIP97-111C, FLIP99-1C, FLIP98-134C, ILC3279 and
FLIP98-143C as subplots. Results showed that water deficit decreased number of seeded pods, seeds per
pod, seed weight per plant, seed yield and total dry matter, significantly. There were significant differences
among varieties in all measured traits. Indices of stress tolerance (STI), mean productivity (MP), geometric
mean productivity (GMP) and harmonic mean (HAR) showed that chickpea in branching stage and
FLIP99-1C and FLIP98-143C lines were the most tolerant to water deficit. Correlation coefficients between
indices and seed yield indicated that for screening chickpea genotypes, STI, MP, GMP and HAR indices
were suitable. Principal component analysis showed that with the base of two factors, withholding irrigation
at branching stage in Ghazvin cultivar was in desired area of biplot. Withholding irrigation at branching
stage, seeds per pod resulted as the most important component in determining of seed yield.
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