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ABSTRACT

In this study relationshié)s between morphological characteristics of 64 chickpea genotypes under non- stress and stress
conditions was evaluated in 8*8 simple lattice designs on the Research Field of Koohin, Tehran University). The Karaj3628
and Karaj3655 genotypes respectively with 1387.947 and 1352.074 Kg/hac under Non-stress and Kargj3628 and Karaj3645
genotypes with 698 and 694.5 Kg/hac respectively under stress conditions had the highest seed yields. There were
significant positive correlation between SY with PW, BY, NP, LD, NS, RD, PH, NSB, DBW, EPN, HI, NPB and DSW in
non- stress condition and there were significant positive correlation between SY with PW, PN, NS, LD, HI, RD, PH and MP
in stress condition. Stepwise regression results showed that 8 independent variables entered into models in non-stress
condition and 3 independent variables entered into models in stress condition, so that PW was first in both of them. Path
coefficient analysis revealed that BY and NP had the highest positive direct effect on seed yield under non-stress condition.
Factor analysis explained 85.66 % in non stress and 86.25 % total of variation in stress conditions with four factors. In
cluster analysis 64 genotypes clustered in five groups.

Keywords: Correlation analysis, cluster analysis, factor analysis, mean comparison of seed yield, path analysis,
stepwise regression.

List of abbreviations:

* SY: seed yield; PH: plant high; BY: biological yield; RD: root diameter’s; PN: number of pods per plant; PW: pod
weight; NS: number of seeds per plant; SW: seed weight; NPB: Number of primary branches; NSB: Number of
secondary branches; DSPP: double seed per plant; DSW: double seed weight; LD: length density; DBW: dry
branches weight; HI: harvest index and; EPN: empty pod number per plant; HSW: 100 seeds weight; IP: immaturity
percent; MP: maturity percent.
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Table 1. Mean squares of traits in 64 chickpea genotypes under non-stress condition’s on 8*8 simple lattice

SXOAYS MS
o DF PH RD BY NPB NSB NP PW NS NSPP  DBW LD HSW MP HI Y
Rep 1 38 365 53941 0000 3200 275653 301.38 18529 0.0046 34395 0496 747 521.79  10.57 309192.8
Tu 63 36.98" 1297 186517 149" 197.26" 128637 97.417 13715" 0.043" 2678 0109 67.26” 134.78ns 805" 128380~
Ta 63 178.24™ 12025™ 91.28"™ 1295.7™ 24317 0.100™ 13359 6457 1231437
BulT 14 4328 0880 14257 0962 15212 99929 7391 1099.02 0.0190 26.009 0.077 4828 22699 12324 1047055
Ba/R(Eb) 14 746 0239 2539 0545 2359 25012 1367 267.19 00072 7.306 0.027 2465 10009 362 15888.05
E(RCBD) 63 791 0284 2202 0857 2530 19367 10.82 220.84 0.0075 5276 0017 3447 9889 1872 141517
Ee 49 804 0297 2106 0946 2579 17755 1001 20759 0.0076 4696 0.014 37.28 9854 1372 13655.6
E’e 49 804 0297 218 0946 2579 18899 1060 217.88 0.0076 5069 0.015 37279 9888 1561 14081.9
G 127 2229 0814 10769 1167 11066 755.87 56.061 80449 0.0250 16.171 0.066 51.057 120.02 4928 73139.3
RE 984 957 100.75 9057 9810 10248 102.06 101.36 9881 104.09 109.866 9247  100.00 119.87 100.49
CV% 8.62% 10.68% 17.88% 25.41% 20.43% 22.64% 17.77% 2499% 7.47% 2759% 15.13% 26.00% 11.71% 7.38% 18.18%
LSD 5% 5645 1089 9170 1944 10149 26627 6321 2879 0174 4330 0248 12201 19.837 10591 233.520

Aoy ) 50 s jo e pae g Mo g f ol 3 Ay
ns, *, **: Non significant and significantly difference at 5 and 1% probability levels, respectively.

& NS
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Table 2. Mean squares of traits in 64 chickpea genotypes under stress condition’s on 8*8 simple lattice

MS
SOV DF PH RD BY NPB NSB NP NS NSPP DBW LD HSW MP HI Y
Rep 1 0286 0022 106.281 0.281 7.268 556.945 41.617 144500 0.006 12.171 0.083 87.806 261.634 21.435 40221.570
Tu 63 31.467" 0.867" 47.826™ 1.607" 51.47" 365.12™ 28.69™ 364.13™ 0.035™ 12.35"" 0.030" 68.67"" 328.53" 155.32"" 38828.66"
Ta 63 45.58" 42.36" 331.68™ 0.035 11.75" 0.030” 66.85™ 150.03™
Bu/T 14 19.648 0.752 44.684 1.924 101.239 391.285 29.728 363.623 0.015 14.070 0.031 46.983 192.690 209.982 42324.620

Ba/R (Eb) 14 2301 0.227 8.079 0.344 52375 39.704 2386 75384 0.010 4.201 0.00652 40.316 135.683 47.055 3436.508
E(RCBD) 63 7.649 0.350 7.173 0.567 32307 50.263 2546 57.659 0.009 3.779 0.007 33.237 150.976 44.538 3573.420

Ee 49 9177 0385 6.914 0.631 26.574 53.279 2592 52594 0.009 3.658 0.00673 31.215 155.345 43.820 3612.537
E’e 49 9177 0385 7.136 0.631 29.483 53.279 2592 56.128 0.009 3.763 0.00673 32.781 155.345 44.489 3612.537
G 127 19.406 0.604 28.120 1.080 41.617 210.441 15.824 210.370 0.022 8.096 0.019 51.243 239.924 99.310 21350.806
RE 83.349 90.850 100.523 89.889 109.580 94.338 98.234 102.728 100.045 100.415 99.307 101.393 97.187 100.111 98.917

CV% 9.63% 13.56% 15.71% 22.20% 26.29% 19.25% 14.99% 21.16% 8.15% 31.72% 15.47% 23.57% 16.07% 14.44% 15.68%
LSD 5 % 6.054 1.240 6.946 1587 10.912 14586 3.217 14.492 0.191 5939 0.217 11.166 24.907 10.591 120.110
TCP % 40.35 434 1028 3476 653 21.13 39.66 40.58 -0.17 2324 3120 -0.93 8.54 8.65

% NS

Aoy ) 50 phaw 5o le Sae gl pe s S A

ns, *, **: Non significant and significantly difference at 5 and 1% probability levels, respectively.

SY: seed yield; PH: plant high; BY: biological yield; RD: root diameter’s; PN: number of pods per plant; PW: pod weight; NS: number of seeds per
plant; SW: seed weight; NPB: Number of primary branches; NSB: Number of secondary branches; DSPP: double seed per plant; DSW: double seed
weight; LD: length density; DBW: dry branches weight; HI: harvest index and; EPN: empty pod number per plant; HSW: 100 seeds weight; IP:

immaturity percent; MP: maturity percent
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Table 3. Mean comparison of seed yield (Kg/hac) for 64 genotypes under non-stress and stress conditions based on

Tucky’s test
Genotypes Seed yeield (Kg/hac)

Non- Stress Rank Stress Rank Genotypes Non- Stress Rank Stress Rank
Torbat 4016 554.0 D-L 4010 B-J Karaj3641 491.6 E-L 3143 E-K
Torbat 4020 566.3 D-L 3528 D-K Isfahan6897 433.6 F-L 2833 E-K
Dara gaz4052 673.6 C-L 3765 B-J Uromiah6890 634.0 C-L 2590 FK
Dara gaz4053 707.2 C-L 4378 A-l Karaj3642 640.8 C-L 3603 C-K
Karaj4066 802.2 B-J 510.0 A-F Torbat-Shad mehr4002 796.8 B-K 5260 A-F
Fars-Shahpour4069 653.5 C-L 3693 B-J Ardabil6653 456.0 F-L 2003 H-K
Ardabil4070 1008.1 A-E 6378 AB Sabzevar6654 398.9 G-L 1883 H-K
Shiraz4071 410.9 G-L 2815 E-K Ardabil6656 667.5 C-L 3933 B-J
Ardabil4084 681.8 C-L 4483 A-l Varamin6873 554.4 D-L 3923 B-J
FAO4091 706.5 C-L 5470 A-E Torbat-Hassan abad3866 742.9 B-K 6405 AB
FAO4092 562.9 D-L 3940 B-J Torbat hassan abad3860 562.8 D-L 3558 D-K
Cyprus3993 752.4 B-K 3773 B-J Uromiah6885 600.6 D-L 3880 B-J
Isfahan6903 626.0 D-L 339.0 D-K Isfahan6886 623.9 D-L 2768 E-K
Isfahan6904 725.2 C-K 3288 D-K Uromiah6888 404.4 G-L 2545 FK
Fars-Niriz6878 402.6 G-L 1495 JK Uromiah6889 400.2 G-L 2280 G-K
Fars-Niriz6879 3145 I-L 2895 E-K Isfahan6898 777.1 B-K 5375 A-E
Karaj3643 547.6 D-L 3908 B-J Karaj3640 924.5 A-G 5503 A-E
Azad 497.6 E-L 4648 A-H Karaj3635 730.6 C-K 5018 A-G
Karaj3658 695.0 C-L 5108 A-F Karaj3628 1387.9 A 6980 A
Fars-Shahpour3659 869.8 A-H 4535 A-l Karaj3654 1095.5 A-D 593 A-D
Fars-Shahpour3663 939.8 A-G 5043 A-G Karaj3645 1186.5 A-C 6945 A
Fars-Shahpour3668 658.8 C-L 3733 B-J Karaj3546 497.3 E-L 2945 E-K
Fars-Shahpour3672 631.4 C-L 3150 E-K Mamaghan3440 699.9 C-L 4095 B-J
Fars-Shahpour3684 235.8 KL 1853 I-K Torbat3919 602.0 D-L 3953 B-J
Fars-Shahpour3702 441.8 F-L 3143 E-K Torbat-Hassan abad3913 563.9 D-L 356.8 D-K
Jiroft3823 527.4 E-L 340.0 D-K Torbat-Hassan abad3915 397.5 G-L 2908 E-K
Fars-Shahpour3715 258.5 J-L 160.0 JK Torbat-Hassan abad3902 967.8 A-F 639.8 AB
Isfahan6896 855.8 A-l 3503 D-K Torbat3784 1290.9 AB 6353 ABC
Karaj3655 1352.1 A 4008 B-J Torbat-Hassan abad0000 591.1 D-L 4010 B-J
Torbat-Shad mehr4010 565.1 D-L 3665 B-J Torbat3874 319.9 I-L 1955 H-K
Fars-Shahpour3723 338.2 H-L 1975 H-K Torbat3878 437.0 F-L 2183 H-K
Fasa6880 161.8 L 86.3 K Isfahan6900 524.9 E-L 4033 B-J
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Table 4. Simple correlation between measured traits among 64chickpea genotypes under non stress conditions

Traits  PH RD BY NPB NSB NP PW NS DSPP DSW EPN NSPP DBW LD HSW 1P MP HI

PH 1.00
RD 0661 1

BY 06407 0838" 1

NPB 0283 0573 05107 1
NSB  0.302" 0.633” 0.734™ 0.606
NP 0499 0660 0.893™ 0.381 1
PW 0573 0.724™ 0948 0.576" 0905~ 1

NS 0401 0544™ 0.782" 0.284" 0.606~ 0932 0.826™ 1

DSPP  -0.01 -0.066 0074 -0.101 -0.016 0234 0163 0503~ 1

DSW 007 0063 0164 -0.079 0013 0195 0.252° 0443 0903~ 1

EPN  0.424™ 04227 0567™ 0.282° 0.364™ 0578 0541 0.349™ 0071 0.047 1

NSPP  -0.18 -0.298" -0.241 -0.323" -0.270" -0.172 -0.150 0.097 0.854™ 0854~ -0.097 1

DBW 0.582™ 0.809” 0.812™ 0.817" 0.616™ 0585 0480 -0.110 -0.045 0.454™ -0.340" 1

LD 03417 07177 0929 0459 0.744™ 0862 0910™ 0777 0085 0157 0469~ -0224 0703 1

1
0.693™

HSW 0262° 0273° 0177 0089 -0.019 -0.110 0.192 -0.336" -0.574™ -0.337" 0.237 -0.424" 0100 0.124 1

P 016 0055 0023 0071 0002 -0.025 -0.032 -0.249° -0.139 -0.135 0.719” -0.053 0.118 -0.064 03907 1

MP -0.14 -0029 -0.060 0055 -0.013 -0.049 -0.051 0170 0104 0096 -0.722" 0.053 -0.060 -0.021 -0.399" -0.911" 1

HI -0.07 0188 -0.012 -0.4407 -0.325" 0161 0.268° 0.301° 03717 0374” -0.130 0.324” -0.525" 0059 0005 -0.354" 0181 1

SY 0574 0.715” 09307 0.320° 0566~ 0.904” 0.990” 0845~ 0174 0258 0475~ -0.146 0554 0.889" 0176 -0.088 0.004 0.324™
*, **: Significantly difference at 5 and 1% probability levels, respectively. Boy0 ) 50 mhaw jo o pxe g s S i S 4
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Table 5. Simple correlation between measured traits among 64chickpea genotypes under stress conditions

Traits PH RD BY NPB NSB NP PW NS DSPP DSW EPN NSPP DBW LD HSW IP MP HI

PH
RD 0702

BY  0626™ 0.752"

NPB 0219 0489" 0386"

NSB 0126 0485" 0416™ 0657

NP 0532" 0463" 0783" 0021 0.140

PW 0507 0530” 0868 0055 0136 0892™

NS 0.286" 0240 0630”7 0010 0119 0864" 0804™
DSPP 0083 -0175 0069 -0040 -0111 0261° 0175 0566
DSW -0049 -0138 0126 -0024 -0114 0225 0217 0502" 0957

EPN 0496~ 0355 0375" -0027 -0057 0504™ 0311° 0087 0018 0046

NSPP 0190 -0314" -0210 -0073 -0179 -0150 -0199 0111 0818 0849™ -0.010

DBW 0453" 0685~ 0640” 0690 0625~ 0173 0178 0001 -0141 -0094 0265 -0.117

LD 0.284" 0.600™ 0913™ 0382 0477 0658™ 0.777" 0595 0138 0194 0213 -0122 06147

HSW 0390” 0349” 0209 -0007 0021 -0.031 059 -0309" -0473™ -0.340" 0291° -0.384" 0169 0084

P 0336~ 0181 -0012 -0045 -0130 -0048 -0174 0396~ -0116 -0056 0745" 0121 0245 -0.130 0499~

MP  -0348" -0180 0035 0031 0108 0085 0215 0414" 0122 0069 -0696" -0136 -0263" 051 -0483"-0.989"

HI 0093 -0228 0068 -0476™ -0.400™ 0438™ 0530™ 0555~ 0244 0245 -0092 -0057 -0.670" 0054 -0.057 -0.449™ 0500™
Sy 0496™ 0507" 0.852" 0061 0133 08717 0994" 0812" 0176 0220 0243 -0203 0152 0761" 0149 -0.237 0274" 0559™
*, **: Significantly difference at 5 and 1% probability levels, respectively. Aoy ) 50 mhaw jo e pae gl g s A

SY: seed yield; PH: plant high; BY: biological yield; RD: root diameter’s; PN: number of pods per plant; PW: pod weight; NS: number of seeds per
plant; SW: seed weight; NPB: Number of primary branches; NSB: Number of secondary branches; DSPP: double seed per plant; DSW: double seed
weight; LD: length density; DBW: dry branches weight; HI: harvest index and; EPN: empty pod number per plant; HSW: 100 seeds weight; IP:
immaturity percent; MP: maturity percent.
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Table 6. Stepwise regression for seed yield as dependent variable and other traits as independent variables in non-
stress condition

Stepwise Regression

Variables 1 > 3 7 5 6 7 8
Constant 4.782 7.011 -66.35  -77.784  -144.086 -301.352 -262.263 -278.109
Pod weight 35.806 37.493  36.757 33.659 33.972 24.878 26.566 25.263
Empty pod number -3.463 -2.800 -3.209 -7.585 -7.922 -8.278 -7.938
Harvest index 1.599 1.813 2.210 5.135 4.732 4.406
Number of pod 1.015 1.588 1.490 1.617 2.277
Immaturity percent 3.019 3.592 3.533 2.813
Biological percent 6.705 7.522 6.674
Length density -94.673 -97.584
Hundred seed weight 2.108
R? 0.981 0.986 0.988 0.989 0.991 0.993 0.994 0.994
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Table 7. Stepwise regression results for seed yield as dependent variable and
other traits as independent variables in stress condition

Stepwise Regression

Variables 1 2 3
Constant -9.504 -3.454 6.388
Pod weight 36.563 37.400 38.377
Empty pod number -1.798 -1.824
Length density 37.949
R’ 0.988 0.993 0.993
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Table 8. Path coefficient based on seed yield under Non-stress condition

Traits BY NP PW EPN LD HSW IP HI
BY 1.8428 1.6772 1.7599 0.9391 1.7301 0.0789 -0.0614 0.0186
NP 1.0507 1.1545 1.0659 0.5747 1.0246 -0.1503 -0.0944 0.1807
PW -0.3845 -0.3717 -0.4026 -0.1963 -0.3726 -0.0295 0.0323 -0.1085
EPN -0.1943 -0.1899 -0.1859 -0.3814 -0.1590 -0.0595 -0.2736 0.0298
LD -0.0879 -0.0831 -0.0866 -0.0390 -0.0936 0.0004 0.0103 -0.0077
HSW -0.0003 0.0008 -0.0005 -0.0010 0.0000 -0.0063 -0.0026 -0.0006
1P -0.0031 -0.0075 -0.0074 0.0659 -0.0101 0.0377 0.0919 -0.0267
HI 0.0012 0.0192 0.0332 -0.0096 0.0101 0.0125 -0.0358 0.1230
Residual 0.0714744

O bl o ails o Slee sl p cile (o0 A Jso
Table 9. Path coefficient based on seed yield under stress condition
Traits PW EPN LD
PW -0.1669 -0.0519 -0.1296
EPN -0.1202 -0.3868 -0.0823
LD -0.0140 -0.0038 -0.0180
Residual 0.051174
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Table 10. Eigenvalues, relative and cumulative variances of rotation loadings factor under Non-stress and stress

conditions
Eigenvalues Relative variances (%) Cumulative variances (%)
Components Non-Stress Stress Non-Stress Stress Non-Stress Stress
FA, 7.727 6.095 40.668 32.080 40.668 32.080
FA, 3.253 3.574 17.123 18.810 57.791 50.890
FA; 2.790 3.533 14.682 18.595 72.473 69.486
FA, 2.505 3.186 13.183 16.768 85.656 86.254

GRS g WS gy dame j0 (LS 05 B0l £F Llas des sl Jule 4y 450 s VY gus
Table 11. Results of factor analysis from all of traits of 64 chickpea genotypes under Non- stress and stress conditions

Traits FA; FA, FA; FA,

Non-Stress Stress Non-Stress Stress Non-Stress Stress Non-Stress Stress
PH 0.606 0.540 -0.105 0.234 0.240 0.522 0.104 -0.160
RD 0.782 0.538 -0.150 0.589 0.080 0.301 0.348 -0.248
BY 0.964 0.861 -0.026 0.454 0.089 0.140 0.212 -0.041
NPB 0.397 0.044 -0.113 0.857 -0.014 -0.073 0.696 0.006
NSB 0.653 0.135 -0.008 0.814 -0.033 -0.177 0.593 -0.089
NP 0.929 0.933 0.139 -0.010 0.033 0.113 0.102 0.096
PW 0.984 0.989 0.026 0.006 0.072 0.001 -0.081 -0.016
NS 0.855 0.845 0.402 -0.048 -0.177 -0.259 0.034 0.376
DSPP 0.138 0.202 0.964 -0.090 -0.030 -0.078 -0.127 0.951
DSW 0.211 0.220 0.881 -0.072 0.002 -0.009 -0.171 0.936
DPN 0.497 0.331 0.054 -0.010 0.781 0.821 0.135 0.043
NSPP -0.204 -0.208 0.895 -0.051 0.050 0.100 -0.222 0.929
DBW 0.653 0.179 -0.113 0.894 0.094 0.274 0.690 -0.066
LD 0.914 0.751 -0.007 0.494 -0.011 -0.042 0.161 0.055
HSW 0.156 0.115 -0.665 -0.020 0.427 0.549 -0.232 -0.533
IP -0.090 -0.185 -0.079 0.033 0.961 0.965 0.145 0.005
MP 0.011 0.224 0.071 -0.066 -0.953 -0.953 0.019 -0.008
HI 0.230 0.533 0.222 -0.709 -0.204 -0.350 -0.878 0.039
SY 0.986 0.985 0.027 -0.004 0.011 -0.059 -0.118 -0.022
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Figure. Scree plot of eigenvalues under Non-stress (right) and stress (left) conditions
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Table 12. Grouping of 64 genotypes with use of cluster analysis by ward’s methods base on 19 traits

Clusters Clusters Clusters
Genotypes Non-stress Stress Genotypes Non-stress Stress Genotypes Non-stress Stress

Torbat 4016 3 1  Fars-Shahpour3672 3 2 Isfahan6886 3 2
Torbat 4020 3 2 Fars-Shahpour3684 1 3 Uromiah6888 1 2
Dara gaz4052 3 2 Fars-Shahpour3702 1 2 Uromiah6889 1 3
Dara gaz4053 2 1 Jiroft3823 3 2 Isfahan6898 2 4
Karaj4066 2 4 Fars-Shahpour3715 1 3 Karaj3640 5 4
Fars-Shahpour4069 3 2 Isfahan6896 2 2 Karaj3635 2 4
Ardabil4070 5 5  Karaj3655 4 1 Karaj3628 4 5
Shiraz4071 1 2 Torbat-Shad mehr4010 3 1 Karaj3654 5 5
Ardabil4084 3 1  Fars-Shahpour3723 1 3 Karaj3645 5 5
FAO4091 2 4 Fasa6880 1 3 Karaj3546 3 2
FAO4092 3 1 Karaj3641 3 2 Mamaghan3440 2 1
Cyprus3993 2 1  Isfahan6897 1 2 Torbat3919 3 1
Isfahan6903 3 2 Uromiah6890 3 2 Torbat-Hassan abad3913 3 2
Isfahan6904 2 2 Karaj3642 3 2  Torbat-Hassan abad3915 1 2
Fars-Niriz6878 1 3 Torbat-Shad mehr4002 2 4 Torbat-Hassan abad3902 5 5
Fars-Niriz6879 1 2 Ardabil6653 1 3 Torbat3784 4 5
Karaj3643 3 1  Sabzevar6654 1 3  Torbat-Hassan abad0000 3 1
Azad 3 1  Ardabil6656 3 1  Torbat3874 1 3
Karaj3658 2 4 Varamin6873 3 1  Torbat3878 1 3
Fars-Shahpour3659 2 1  Torbat-Hassan abad3866 2 5  Isfahan6900 3 1
Fars-Shahpour3663 5 4 Torbat hassan abad3860 3 2

Fars-Shahpour3668 3 1  Uromiah6885 3 1
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