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Table 1. Mean comparison of different characteristics and yield under stress (Ys) and non-stress (Y}) conditions in chickpea genotypes

oyleds S5 333 Shes 533 Shes 03 8 Cws ) 4ls o 09 Sy e slds ONe s als sl G g3 &l slday PR W
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No Genotype Ye(@m?)  Y.(@@m?) BY(@@m?) HSW (g) NPPL NSPO NSPL UP (%)
1 Flip-99-26C 302.7ab 128.3ab 330.00ab 39.3a 13.1bc 1.16ab 15.64bcde 7.65bc
2 Flip-00-6C 241.2b 91.6¢d 213.33bc 28.8cde 10.5cd 1.18ab 12.34cde 11.19bc
3 Flip-82-115C 259.8b 90.0cd 210.00c 27.9cdef 10.5¢cd 1.20ab 12.72cde 9.76bc
4 Flip-82-245C 352.9ab 113.1bcd 280.00bc 26.0def 14.2b 1.33a 18.95b 11.28bc
5 Flip-00-40C 277.3ab 107.0bcd 260.00bc 30.9bcd 12.0bcd 1.33a 16.08bcde 12.82b
6 Flip-82-150C 312.8ab 96.3bcd 206.66¢ 22.7f 12.1bcd 1.14ab 14.12bcde 21.71a
7 X96TH54 256.6b 108.0bcd 206.00bc 29.6bcde 12.8bcd 1.30ab 16.75bcd 11.77b
8 X96THG69 249.1b 150.6ab 316.66abc 32.0bc 10.3cd 1.27ab 13.14cde 10.32bc
9 X96TH12 273.9ab 118.6bcd 286.66bc 32.2bc 10.9bcd 1.15ab 12.52cde 11.84b
10 X96TH154 266.2b 114.0bcd 280.00bc 30.1bcde 12.9bcd 1.20ab 15.52bcde 8.94bc
11 X96TH46 237.1b 97.8bcd 236.66bc 26.9cdef 10.3cd 1.22ab 12.65cde 7.51bc
12 X96TH41K4 403.5b 184.6a 416.66a 29.7bcde 19.7a 1.27ab 25.18a 5.95¢
13 $925247 292.7ab 88.3cd 243.33bc 25.9def 10.6cd 1.19ab 12.79cde 10.50bc
14 S96085 233.4b 86.3cd 210.00c 28.9cde 11.6bcd 1.29ab 15.05bcde 9.57bc
15 S95349 324.9ab 100.3bcd 233.33bc 30.0bcde 14.2bcd 1.22ab 17.27bc 9.85hc
16 595181 341.0ab 113.0bcd 276.66bc 26.4def 10.5bcd 1.21ab 12.74cde 10.54bc
17 ILC482 280.0ab 93.6¢d 233.33bc 25.0ef 9.4d 1.19ab 11.15e 12.80b
18 Hashem 265.0b 66.3d 220.00bc 25.8def 9.5d 1.24ab 11.86de 9.18bc
19  Arman 227.80 84.6¢d 203.33¢ 26.5def 9.5d 1.18ab 11.38¢ 12.47b
20 Bivanij 296.0ab 114.3bcd 290.00bc 34.9ab 11.41bcd 1.10b 12.59cde 11.42b
CV% 24.23 26.07 22.97 9.65 8.72 18.27 24.94

I o b (613 e D3l 70 ezl o 53 O g 58 53 alie o 511 (sl S0l
Means with common letters in each column are not significantly different at 5% level of probability.

Y,: Yield potential; Ys: Stress yield; BY: Biomass; HSW: Hundred seed weight; NPPL: Number of pod per plant; NSPO: Number of seed per pod,;
NSPL: Number of seed per plant; UP%: Unfilled pod percentage.
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Table 2. Mean comparison of phenological and physiological traits of chickpea
genotypes under stress condition

Bl g.)T

o lad ls Jsb als o0 <5 g5 G55 b s BRSYE Sl g
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3955 P F
Genotype KH (mm) KW PH (cm) DTF DPM KFP RWC RWL
No. (mm) (%) (%)
1 10.40a 8.26a 35.55fghi 64.00bc 116.6 52.67 30.43 23.36
2 9.26efg 7.03efg 34.11ghi 66.00abc 117.6 51.66 31.58 21.63
3 9.10efg 7.00fg 44.00ab 65.66abc 117.6 52.00 37.60 21.77
4 9.16efg 7.00fg 36.00efghi  68.33a 121.3 53.00 42.43 24.03
5 10.03abcd 7.56bcdef 43.00ab 65.66abc 117.3 51.66 30.55 23.40
6 9.03efg 6.639 34.88fghi 65.66abc 116.3 50.66 43.73 22.23
7 10.03abcd 7.50bcdef 37.55defg 64.00bc 1153 51.33 34.91 22.93
8 9.60bcdef 7.60bcdef 36.33efghi  64.66abc 114.3 49.66 33.03 23.23
9 10.10abc 8.03ab 33.11hi 63.00c 113.3 50.33 26.34 23.50
10 10.53a 7.86abc 44.00ab 64.00bc 118.3 54.33 33.27 22.54
11 9.30efg 7.10efg 36.88defgh  66.66¢ 116.3 52.66 27.87 22.23
12 9.43defg 7.70bcd 41.80abc 68.00ab 121.6 53.66 34.62 25.40
13 8.93g 7.36cdef 37.77defgh  65.66abc 118.3 52.66 33.77 21.50
14 9.46defg 7.26def 35.66fghi 63.66¢ 117.3 53.66 34.27 22.76
15 9.66bcde 7.43cdef 38.33cdef 64.00bc 117.3 53.33 28.09 21.70
16 9.50cdefg 7.23def 40.88bvd 64.33abc 117.3 53.00 26.79 23.90
17 8.96fg 7.06efg 35.55fghi 57.33d 111.0 53.66 35.15 21.96
18 9.06efg 7.36cdef 45.33a 66.00abc 119.6 53.66 34.97 22.50
19 9.33efg 7.16defg 40.00bcde  64.66abc 118.3 53.66 4151 22.00
20 10.20ab 7.86abc 32.22i 63.66¢ 115.3 51.66 32.22 23.40
CV% 3.52 4.02 6.32 3.64 0.55 4.60 30.64 5.87

AL a6l e S 70 Jlez! cla..»)s O o g alin oy > lyls 5LAQ:§3\:A
Means with common letters in each column are not significantly different at 5% probability level.

KH: Kernel height; KW: Kernel width; PH: Plant height; DTF: Days to flowering;
DPM: Days to physiological maturity; KFP: Kernel filling period; RWC: Relative water content;

RWL.: Relative water loss.
For genotypes name see Table 1.
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Table 3. Mean comparison of phenological and physiological traits of chickpea genotypes under stress condition

G esled slid o,k Jeds i NI a Jby k8 b sl S Jbs s odan il el

Sk o 3 50 Al o]
Genotype No. CMS CHF SPAD Chl-a Chl-b Chl-T PC HI
-1 -1 -1 -1 -1
(uscm™) (Hgml™) (Hgml™) (hgml™) (Hgml™)
1 205.41f 0.587ab 59.6ab 1.03ab 0.53abcd 1.56ab 12.2abc 0.385ab
2 203.85f 0.574ab 59.5ab 0.57cd 0.45abcd 1.02cd 11.0bc 0.422ab
3 261.40cdef 0.703a 58.5ab 1.08ab 0.60abcd 1.69ab 13.0ab 0.428ab
4 369.74abc 0.607ab 58.0ab 0.66bcd 0.53abcd 1.19bcd 12.2abc 0.407ab
5 251.33ef 0.730a 62.2ab 0.91bcd 0.63abcd 1.54ab 10.7¢ 0.412ab
6 348.33bcd 0.497ab 55.5ab 0.56¢d 0.47abcd 1.04cd 11.3bc 0.466a
7 196.63f 0.65ab 63.3ab 1.00abc 0.44abcd 1.44abc 12.2abc 0.413ab
8 201.00f 0.586ab 64.4a 1.07ab 0.57abcd 1.64ab 12.6abc 0.478a
9 231.18f 0.724a 65.9a 0.84abcd 0.69abc 1.53ab 12.6abc 0.410ab
10 219.66f 0.450a 58.1ab 0.75abcd 0.45abcd 1.21bcd 13.5a 0.410ab
11 188.66f 0.613ab 61.2ab 0.72bcd 0.55abcd 1.27abcd 12.9abc 0.415ab
12 205.74f 0.696ab 61.7ab 1.19a 0.39cd 1.58ab 12.1abc 0.451ab
13 354.90bc 0.655ab 62.7ab 0.54d 0.41bcd 1.20bcd 11.2bc 0.355bc
14 247.00ef 0.500ab 62.2ab 0.86abcd 0.33d 0.95d 12.8abc 0.412ab
15 431.00ab 0.660ab 64.9a 0.83abcd 0.58abcd 1.41abcd 11.9abc 0.426ab
16 337.29cdef 0.531ab 62.4ab 0.97abcd 0.75abcd 1.72a 11.6abc 0.409ab
17 260.20def 0.608ab 52.1a 1.11ab 0.49abcd 1.60ab 10.8¢c 0.417ab
18 446.33a 0.516ab 60.1ab 0.89abcd 0.36¢d 1.26abcd 12.2abc 0.299¢
19 254.55¢ef 0.531ab 59.6ab 0.95abcd 0.57abcd 1.53ab 12.6abc 0.414ab
20 237.34f 0.522ab 66.4a 0.70bcd 0.76a 1.47abc 10.9bc 0.395ab
CV% 22.41 9.15 26.49 33.16 17.84 9.03 11.16

1 o b (63 gme D3l VD ezl alans 53 O 2 53 alie g sl sl ke
Means with common letters in each column are not significantly different at 5% probability level.

CMS: Cell membrane stability; CHF: Chlorophyll fluorescence; SPAD: Soil and plant analyzer divisions; Chl-a: Chlorophyll a;
Chl-b: Chlorophyll b; Chl-T: Total Chlorophyll; PC: Proline content; HI: Harvest index.

For genotypes name see Table 1. b e ) Jodr 4 e 55 el sl 2
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Table 2. Percentage of changes for different traits of chickpea genotypes based on water
stress condition

HSW HI BY Y

7.58 10.87 57.36 62.29

-~ DTF PH KW KH
10.56 13.07 2.63 0.73
"""" Chl-a SPAD CHF CMS
9.47 -9.68 22.37 -94.37
- up NSPL 'NSPO NPPL
-34.24 59.10 7.58 55.96
"""" RWL RWC CKFP DPM
35.88 45.46 3.34 7.47
""""""""""" PC “Chl-T Chl-b
-472.04 25.67 42.39

a5 anrl m VB Gladsdr 4 Olis Ol e woMS mb 5
For abbreviations of characters see Table 1-3.

STI

)nﬂw,(Ys)@jb)u:,;:.b{\,z,;;jiw‘(STl)umJ@uﬁuwulﬁd.\guﬂsrs—\ J§.~
(V) 25 O3k sl 12
Fig .1. Three dimensional plot based on STI, Ysand Y,

oYa
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Table 5. Correlation between yield with different traits and STI in chickpea genotypes
under water stress condition

HKW HI BY Y, Y
0.360" 0.467" 0.392" 0.574"
DTF PH KW KH
0.138 0.001 0.312 0.221 Y
Chl-a SPAD CHF CMS
0.234 -0.061 0.206 -0.357" Y
uP NSPL NSPO NPPL
0.209 0.568" 0.131 0.601" Y
RWL RWC KFP DPM
0.612" 0.110 0.095 0.072 Y
STI PC ChI-T Chl-b
0.837" 0.028 0.208 0.006 Y

D adanl w YBY Glad g 4 Sliw O sie 4o o sy
For abbreviations of characters see to Tables 1-3.

pld 4 o8 O g S 5 Sln p 3559 s 555 Sas SVl 3,57 5 -8 g
Table 4. Estimated equations of yield for chickpea genotypes based on stepwise

regression
Lo Yslee Brnr Kows | i oo
Environment Equations* R R
Normal | _ k. | Yp =-256.93+0.37DPM+0.45RWC+-0.34RWL+0.22UP 0.54 0.51
Stress L | Ys=-122.27+0.38RWL+0.36NPPL+-0.26CMS 0.55 0.52

¢NPPL :oLE ;5 (oM slaw SUP ;S5 oy RWL tasiy s 31 0T o (sl gims RWC 0T o (gl s DPM 1 0l 6 5,
CMS: J clie &l

5 S edsT Cows & et b Ol e (/OY) s 5 (4/0Y) s pds Lyl 2
sl O3 5 uéLfU sd_asplics Lol /Y sla e by (:/.SLJ«) CUJ:,:.AQ\JxxI
s>l .ol e o gloa ar S b opl gl 05 a5 g5 4 et
ou:)\)‘_;uﬂisﬁfﬁw‘_gw{;w }sj_a):ou(al_?dlvaqu’ﬁow;)@
el e g i (6l s (Jds > Sldas 4S5, S bla wl Ol 55 o Sy
Lr..;l_i)b()}_?)}:.{\_éj\y]a}r_kouk__{u\i %d@)acu:)‘jwéuﬂﬁd&
osle—.| (Variance inflation factor:VIF) sl D65 Shes ite o i
Vol seSm le opl SV Jsds) As stz 5,8 Ol (Sadeghi, 2006) _sslo

OF)
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Table 7. Estimation of variance inflation factor (VIF) for studying collinearity in the
independent traits

Callas Ll 5 s Sliw Sy b g, oo 2Tl gima S 31 s ST O e M Sy O
S5 C gy
Traits in normal condition DMP RWC RWL UP
VIF) b po5 455 1.20 1.02 1.14 1.18
U5kl sy Sliw 3 o T Olpee oS 55 M sl Sk clid Ol -

g .
Sﬁw)\:ﬁﬂs

Traits in stress condition RWL

NPPL CMS

= IFST-Y-1t 1.39

1.38 1.02

DPM: DaYs to physiological maturity; RWC: Relative water content; RWL.: Relative water loss;

UP: Unfil

5 (7 JS8) S s o 3l ol s
jaj_a)s(/\dj-l—?-)ua.}ui_?cu‘a_ikd
el s 1, XOBTHALKS (5 35 Loy -5
Gl 05,8 3 Syl 3y ee Sliw
o e Gy oS 85 ol ST g
a5 Lsags Ll b os g 55 Slas Ol
S 5 S a 1o sl ol LS 4
ety 51 o 55 ) 4T i 05 o S
Lo 55 2l a0 s 6 i 3 - Sas
G555 0l a5 0T Ol 5 5 025 loy 5

DS a s (Si S e

ed pod percentage; NPPL: Number of pod per plant; CMS: Cell membrane stability.
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.(Farshadfar and Mohammadi, 2006)
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Table 5. Results of discriminant analysis for grouping based on studied traits in water
stress condition

i Predicted groupe eis o iy e £ Glad s 4 3l Jeol glaey 5
Total 1 2 3 4 Cluster groups

6 0 0 0 6 1

1 0 0 1 0 2

6 0 6 0 0 3

7 7 0 0 0 4
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Fig .2. Dendrogram resulted from cluster analysis of chickpea genotypes based on

studied traits under water stress conditions

For genotypes name see Table 1. sdanl e sl 4 o g5 el gl
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