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Effect of terminal drought stress on grain yield and yield components of Kabuli
chickpea genotypes
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Table 1. Name and origin of 64 Kabuli chickpea genotypes

TR o 55 ool sl T 58 esled i
Genotype code  *Genotype No. Origin Genotype code  Genotype No. Origin
2 12-071-01834 Karaj 318 12-071-03846 Jiroft
12 12-071-01952 Karaj 323 12-071-03852  Torbat Jam
16 12-071-01972 Karaj 325 12-071-03854  Torbat Jam
22 12-071-02090 Karaj 328 12-071-03859  Torbat Jam
23 12-071-01837 Ghazvin 335 12-071-03871  Torbat Jam
29 12-071-02270 Esfahan 345 12-071-03884  Torbat Jam
36 12-071-02316 Esfahan 356 12-071-03899  Torbat Jam
38 12-071-02351 Guchan 357 12-071-03900  Torbat Jam
56 12-071-02740 Shiraz 369 12-071-03915  Torbat Jam
59 12-071-02940 Ardabil 370 12-071-03916  Torbat Jam
109 12-071-06678 Mamghan 375 12-071-03922  Torbat Jam
120 12-071-03585 Karaj 394 12-071-03946 Torbat Jam
128 12-071-03718 Urmia 403 12-071-03753 Torbat Jam
129 12-071-03746 Urmia 466 12-071-04043 Esfahan
139 12-071-03885 Torbat Jam 473 12-071-04052 Dare Gaz
154 12-071-03641 Karaj 474 12-071-04053 Dare Gaz
187 12-071-03686 Urmia 478 12-071-04063 Esfahan
198 12-071-03703 Urmia 490 12-071-04084 Ardabil
216 12-071-03725 Urmia 492 12-071-04091 FAO
233 12-071-03746 Urmia 508 12-071-06885 Urmia
235 12-071-03749 Urmia 511 12-071-06888 Urmia
236 12-071-03750 Urmia 512 12-071-06889 Urmia
239 12-071-03753 Urmia 525 12-071-06903 Urmia
245 12-071-03760 Jiroft 534 12-071-06912 Ardabil
259 12-071-03776 Jiroft 552 12-071-06931 Miyaneh
269 12-071-03788 Jiroft 555 12-071-06934 Urmia
284 12-071-03805 Jiroft 563 12-071-06942 Khoy
289 12-071-03811 Jiroft 606 12-071-06985 Mahan
306 12-071-03831 Jiroft 629 12-071-07007 Esfahan
307 12-071-03832 Jiroft 642 12-071-07021 Bam
308 12-071-03833 Jiroft 998 Control Jam
317 12-071-03845 Jiroft 999 Control Korosh

ol ,ti,:;u@rbcuj@,,ww;ﬁg;&gﬁu%:}s;a)u:*
*: Genotype number in the gene bank of Agricultural and Natural Resources Campus, University of Tehran
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Table 2. Climatic parameters in experimental site (2010)

)3 Sl sles Sl

Sl Sl ol

Average O e e e oy 6Kl s BT Slele (Sl Average

daily S Average o iy minimum

temperature Rainfall Evaporation Average Average daily temperature of

Month obe (c) (mm) (mm) RH (%) sunny hours soil
Mar- Apr. 303 12.6 54.0 5.1 57 7.52 3.56
Apr- May i) 17.6 47.3 6.5 54 7.6 8.21
May- Jun. sls = 25.7 0.4 11.68 31 11.13 14.04
Jun- Jul. I 29.1 0.0 12.87 33 11.7 17.69
Jul- Aug. N 27.3 0.0 11.78 35 11.24 17.42
Aug- Sep. BYges 24.3 0.0 9.21 39.8 10.48 13.94
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Table 3. Yield and yield reduction rate in Kabuli chickpea genotypes under normal and drought stress conditions

55 ekl g5 ek
Genotype No. Yp Ys Yr Genotype No. Yp Ys Yr

2 2437 2174 8.73 318 1357 1244 8.29
12 1530 1453 5.02 323 12.00 10.09 15.86
16 17.18 1185 31.02 325 1760 1193 32.20
22 2234 2131 4.60 328 1496 14091 0.33
23 16.98  16.05 5.45 335 26.79 16.73 3754
29 2529 1407 4437 345 2492 1685 3238
36 2333 2212 5.17 356 28.11 16.35 4184
38 19.73  18.58 5.84 357 29.03 1811 37.63
56 16.06  15.25 5.09 369 2495 1512 3941
59 1784 1290 27.67 370 2129 1354 3641
109 1958  19.07 2.59 375 21.74 1292  40.59
120 3124 2755 3476 394 2537 16.27  35.87
128 26.18 1418 4584 403 20.36 9.09 55.34
129 19.86 17.26  13.09 466 21.37 5.90 72.39
139 2500 19.01 23.96 473 21.30 9.99 53.09
154 1713 1424 16.87 474 28.33 10.70 62.24
187 1699 16.34 3.79 478 19.27  19.04 1.17
198 2148 1011 5294 490 1442 1150 20.28
216 1731 16.31 5.77 492 1778 10.73  39.68
233 1785 1314  26.37 508 19.83 1653  16.65
235 15.05 1349 1040 511 15.06  14.43 4.16
236 10.10 9.77 3.30 512 1859  18.20 212
239 2239 17.05 2384 525 13.76  13.67 0.67
245 1945 1356  30.27 534 2557 2448 4.24
259 1931 1285 33.46 552 20.88 14.26 3170
269 1490 1207 19.02 555 19.67 1113 4342
284 18.81  18.06 3.97 563 16.21  16.01 1.24
289 1956 16.44  15.93 606 18.28  10.07 4491
306 1238 11.18 9.71 629 19.88  19.28 3.00
307 15.14 14.14 6.59 642 15.03 7.74 48.50
308 2156 1512  29.87 998 2565 2016 2141
317 13.72 8.20 40.24 999 26.32 2248 14.62

615 3 Shes [2alS w3 YT (S (25 Lol 8 55 4ils 5 Shas 1Y'S 25 05 L5 53 @ls 5 ,Sas 1Y
Yp= Potential yield; Ys= Stress yield; Yr= Yield reduction rate (%)
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Table 4. Stepwise regression analysis for seed yield and other plant characteristics in Kabuli chickpea genotypes under normal condition

a0 ] Je

Step Plant characteristics A8 Sliv a b, b, bs by bs R? adj. P-value
1 Seed and pod weight Lo 055 0.644™ 07407 - - - - 0.968 0.000
2 Main branch diameter olesls b3 26887 07657  -0.521" - - - 0.970 0.000
3 Plant height sypls,l  0128° 07547 -0.7147  0.090” - - 0.973 0.000
4  Seed.pod? O s alsal 2402 07597 -0.7107 01117 1.198" - 0.975 0.000
5  No. of main branch ol gl <6296 07497 -0.7327  0.094” 1585 1.283"  0.978 0.000

ns: Not significant s gme NS

*and **: Significant at 5% and 1% probability levels, respectively Lo y3 8 5 gy Jlesl s )3l me 5 4 Tk g

A O3 b 53 (LIS s sl 55 55 GO 055 e U Sl e o8 4 I8 0o S5 4 2 -0 U

Table 5. Stepwise regression analysis after removing seed and pod weight in Kabuli chickpea genotypes under normal condition

a0 a,u@,..a; Jde
Step Plant characteristics A Sl a b, b, b, R? adj. P-value
1 Pod.plant™ PRI PANR 5.476" 0.154™ - - 0.396 0.000
2 100-seed weight SlsVe Ojs -8.944™ 0.174™ 0.699™ - 0.833 0.000
3 Seed.pod™ M s 4l sl -30.453" 0.202™ 0.994™  11.115™ 0.973 0.000
ns: Not significant Slsgae NS
*and **: Significant at 5% and 1% probability levels, respectively 10,5 685 5 gy el = glau 53l an 5 5 4 1 g %

u.(.i"u;;].l:.i\ﬁ).a&K;ﬁdu%jjj)sdﬂzf&wﬁujdﬁégd\;:ﬁwr\fqtlfoﬂf)qﬁ—?dj.\?

Table 6. Stepwise regression analysis for seed yield and other plant characteristics in Kabuli chickpea genotypes under drought stress condition

> 50 B.A_:cxa; Je
Step Plant characteristics A8 Sliv a b, b, b, b, R? adj. P-value
1 Filled pods weight L SO O 5.790" 0.505™ - - - 0.728 0.000
2 100-seed weight G5V 05 3.339™ 0464  0.225" - - 0.794 0.000
3 Seed.plant™ Sy 53 4l Blkas -8.329™ 0.091"  0.7307  0.1317 - 0.941 0.000
4 Seed.pod™ SN 3 4l sl -9.896" 01457 07147 01177 1.646" 0.944 0.000
ns: Not significant Sasme e NS
* and **: Significant at 5% and 1% probability levels, respectively 2055 68y 5 gy el = glaw 53l gan o 5 4 Tk g %
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Table 7. Phenotypic path coefficient analysis for grain yield of Kabuli chickpea genotypes under normal condition

Kot s I Indirect effect via b s g S

Plant characteristics A Sl (rp) Direct effect 1 2 3 4 5 6 7
1. Filled pods weight 2 SN O 0.984 0.547 - -0.021 0.012 -0.063  0.006 0.252  0.248
2. Main branch diameter ol el Lo 0.453 -0.041 0.278 - 0.014 -0.056  0.004 0.153  0.097
3. Plant height &4 plis,l 0.416 0.031 0.212 -0.019 - -0.096  0.006 0.048  0.230
4. Seedspod™ S 5 4l sl -0.211 0.253 -0.136  0.008 -0.012 - -0.007  -0.067  -0.253
5. No. of main branch kol glaasls slaws 0.419 0.016 0.211 -0.013 0.013 -0.105 - 0.107  0.187
6. Pod.plant™ 2 SO sl 0.637 0.386 0.357 -0.016 0.003 -0.044 0.004 - -0.057
7. 100-seed weight GV 035 0.573 0.446 0.304 -0.009 0.016 -0.144 0.006  -0.049 -

Residual=0.102

é.ié‘;,;}@\ﬁ):&gzﬁdu%};j)Adﬁ&AJIAJJQ‘.&&\JE&:S}E@;%JFQ}QJ—/\J)J?
Table 8. Phenotypic path coefficient analysis for grain yield of Kabuli chickpea genotypes under drought stress condition

Sad i 1 Indirect effect via 5 b 51wt 2 3!
Plant characteristics A Cliv (rp) Direct effect 1 2 3 4
1. Filled seed weight 2 GO 03 0.856 0.244 - 0.22 0.427 -0.038
2. 100-seed weight GV O3 0.472 0.858 0.062 - -0.398 -0.052
3. Seed.plant™ Gy 53 4l sl 0.472 0.757 0.138 -0.451 - 0.026
4. Seed.pod™* e 3 &l sl -0.246 0.095 -0.095 -0.46 0.212 -

Residual=0.227
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Table 9. Factor analysis using Varimax rotation for Kabuli chickpea genotypes under normal condition

Jsl Jele g3 Jole g Jole el Jule &SR8l Ol e
Plant characteristics A Sliv (First) (Second)  (Third) (Fourth)  Communality

Days to 50% flowering AU o 65, -0.037 -0.071 0.892 0.141 0.822
Days to 50% podding e b b3y,  -0.093 -0.104 0.878 -0.081 0.798
No. of seed.plant™ 6y alsslas -0.565 0.742 0.032 -0.315 0.971
Pod.plant™ g5 el -0.297 0.884 -0.122 0.143 0.905
100 Seed weight slsVee 05, 0.882 0.114 -0.314 0.148 0.911
Filled pods weight 2ebode oy 0.408 0.846 -0.261 -0.071 0.956
Biological yield 655 s Se 0.271 0.849 -0.008 0.291 0.878
Seed yield Gy eSS alss Slee  0.397 0.834 -0.299 -0.112 0.956
Harvest index calsy sesls 0.159 0.021 -0.342 -0.797 0.778
Plant height sy, 0.524 0.295 -0.074 0.209 0.411
No. of main branch ol glaasls slas 0,225 0.400 -0.092 0.490 0.459
Main branch diameter ol ela s 0.323 0.621 0.249 0.200 0.592
Seed.pod™* O sl sl -0.420 -0.058 0.238 -0.759 0.812
Pod length o d 0875 0.118 0.063 0.039 0.785
Pod width e se 0.923 0.092 0.064 -0.005 0.864
Seed length slsJb 0.563 0.107 -0.482 0.402 0.723
Seed width als s, 0877 0.073 -0.157 0.079 0.805
Eigenvalues ohs polie  6.433 3.396 2.094 1.501 -

Cumulative of variance (%) o2 e oys 37839 57.818 70.133 78.962 -

i 25 Ll s LS s e s 55 6l STl ss Olss b s fele 4 4 s =V g

Table 10. Factor analysis using Varimax rotation for Kabuli chickpea genotypes under drought stress condition

dsl Jole £33 Jobe o Jole poler ol &S5 Ol
Plant characteristics A Slis (First) (Second) (Third) (Fourth) Communality

Days to 50% flowering AU /o 5, 0.033 -0.158 0.877 -0.146 0.816
Days to 50% podding I b b,  -0.051 -0.120 0.837 -0.089 0.726
No. of seed.plant™ Gy 4ol 0.851 -0.288 0.129 -0.367 0.958
Pod.plant™ G55 p Mol 0.928 -0.163 0.128 0.132 0.921
100 Seed weight alsVer 03y -0.123 0.711 -0.377 0.421 0.840
Filled pods weight 2o 0 0.881 0.352 -0.034 0.186 0.936
Biological yield G55 S s Slee 0.891 0.344 0.163 0.145 0.959
Seed yield G abs Se 0.754 0.437 -0.266 0.040 0.832
Harvest index cal, yesls -0.391 -0.053 -0.655 -0.223 0.634
Plant height s e, 0.555 0.324 -0.102 0.550 0.727
No. of main branch ol gasls sl 0.642 -0.107 0.101 0.423 0.613
Main branch diameter ol s s 0.746 0.440 0.104 0.199 0.780
Seed.pod™ Oy als sl -0.114 -0.204 -0.024 -0.897 0.860
Pod length oMe sk 0.131 0.932 0.010 0.088 0.893
Pod width oMe e 0126 0.905 -0.084 0.064 0.846
Seed length alsdsb 0227 0.480 -0.326 0.614 0.765
Seed width 4ls 5o 0.146 0.807 -0.112 0.254 0.749
Eigenvalues ohy polie  6.992 3.958 1.660 1.265 -

Cumulative of variance (%) e g 41127 64.412 74.177 81.618 -
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Table 11. Cluster analysis for Kabuli chickpea genotypes under normal condition

Ves 8 Yos S Yoy
Plant characteristics A Sliv Cluster 1 Cluster 2 Cluster 3

Number of genotype 5 S 25 38 1
Days to 50% flowering AU e b s, 93.60+2.36 93.64+3.11 93.50
Days to 50% podding e 700 b js,  102.64%2.22 102.45+2.55 102.00
No. of seed.plant™ Gy s abslas 1379241819 96.42+12.59 176.88
Pod.plant™ G455 5 oMl 108.00+£11.81 823141145 165.00
100 Seed weight glsVee o35 15.93+£3.88 19.25+4.32 17.66
Filled pods weight 2 NE Oy 28.08+5.80 24.09+5.24 44.07
Biological yield 655 S s Shee 42.50£7.93 37.06+7.66 82.00
Seed yield G5 S alss Slae 21.58+4.22 18.43+4.19 31.24
Harvest index Sl Lasls 50.95+5.48 49.69+8.04 38.10
Plant height Syels,  42.84%2.78 42.85+3.91 37.13
No. of main branch kol glaasls slaws 3.53+0.22 3.51+0.23 3.63
Main branch diameter ol el Lo 5.27+0.59 5.04+0.51 6.53
Seed.pod™ M s 4l sl 1.29+0.19 1.19+0.19 1.07
Pod length oM Jsb 19.15+1.93 20.25+1.37 20.99
Pod width S b e 9.12+0.81 9.76+0.87 9.94
Seed length als J b 7.62+0.79 7.89+0.51 8.60
Seed width Gls b e 5.75+0.52 6.13+0.44 6.18

SSas i Ll i s LS s s s 55 0 glad s 4 e VY e
Table 12. Cluster analysis for Kabuli chickpea genotypes under drought stress condition

Vos & Yoy 8 Yoy S
Plant characteristics A sls Cluster 1 Cluster 2 Cluster 3
Number of genotype 5 Bl 6 27 31
Days to 50% flowering A b b5y, 92.58+1.83 91.80+3.06  90.21+2.07
Days to 50% podding A3 b b,  100.08+1.80 99.94+2.44 99.10+2.46
No. of seed.plant™ Sy abslas  140.69+14.74  97.98+14.77  65.35+10.49
Pod.plant™ Gg 3 p sl 120.04+19.86 79.54+11.48  56.65+11.22
100 Seed weight €lsVer 0j 8.68+3.14 13.15+5.09 16.12+4.14
Filled pods weight Lo 055 28.9748.57 19.71+6.03  14.77+4.80
Biological yield G5 G S5, See 55.77%18.64 39.79+10.13  29.17+7.60
Seed yield 65 S wls s Ses 17.92+5.17 16.44+4.04 13.12+3.24
Harvest index calsy sesls 33.95%10.70 42.12+6.78 45.93+7.69
Plant height Sppl,  37.10+4.65 36.40£3.68  35.15+4.05
No. of main branch kol Glaas s sluxs 3.74+0.53 3.52+0.34 3.21+0.35
Main branch diameter ol el Lo 5.89+1.52 5.11+0.64 4.65+0.56
Seed.pod™ O s &l sluas 1.21+0.29 1.25+0.25 1.18+0.23
Pod length oMe dsb 19.37£2.06 19.46x1.98  19.98+1.57
Pod width OYe o ,e 9.24+1.00 9.28+1.04 9.61+0.91
Seed length $ls Jsb 7.73£0.74 7.66+0.55 7.84+0.68
Seed width Gls 5,0 5.82+0.42 5.87+0.50 6.02+0.54
OFF 5 FVF KOV (FOF (FFO YD Y4 Y. (¢ e ale ol 5o 5 Shas glarl 5 ails 5 Shas
(339) 3,55 5(R8A) e s Gl 55 L ol s S s 03,551 Cws 4 Cgm Jole 55 ol 51 ezl
cb:yj‘}]b)wrjéjdﬂduu‘_ﬂb)m)‘g Qmo@a)sﬁjéu%jj&pm)
() JK8) dzils 0 (6 i &g &S5 ails 5 Shas Y4 Y Glacd s (505 Oaeb kil 5 5o eslizul
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Fig. 1. Distribution of Kabuli chickpea genotypes on the basis of first and second factors under normal condition
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Fig. 2. Distribution of Kabuli chickpea genotypes on the basis of first and second factors under drought stress

condition
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Effect of terminal drought stress on grain yield and yield components in
Kabuli chickpea genotypes

Mohammadali-Pouryamchi, H.}, M. R. Bihamta?, S. A. Peighambari® and
M. R. Naghavi’

ABSTRACT

Mohammadali-Pouryamchi, H., M. R. Bihamta, S. A. Peighambari and M. R. Naghavi. 2012. Effect of terminal drought
stress on grain yield and yield components in Kabuli chickpea genotypes. Iranian Journal of Crop Sciences. 14(3): 202-
217. (In Persian).

To assess the effects of terminal drought stress on phenological traits, grain yield, yield components, and to
determine phenotypic variation and relationship between grain yield with other traits in 64 Kabuli genotypes an
experiment was carried out using simple lattice design (8x8) under two conditions (terminal drought stress and
normal) in 2011 at Research Field of Faculty of Agriculture, University of Tehran, Karaj, Iran. Results showed
that there were significant differences among chickpea genotypes which revealed genetic variation for different
traits. According to the results of phenotypic correlations, stepwise regression, path analysis for both normal and
stress conditions, it can be concluded that, expected that biological yield and harvest index, seed and pod weight,
number of filled pods, number of seed.plant™, 100 seed weight and number of seed.pod™ were the most
important and effective traits affecting yield. Therefore selecting and breeding for these traits could be
considered for improving grain yield in Kabuli chickpea. Based on factor analysis using data in both conditions
four factors were selected that explained 78.96% and 81.6% of total variation under normal and drought stress
conditions. The first and second factors were introduced as yield and yield component factors. Genotype
grouping in both conditions was conducted using UPGMA method and the square Euclidean distance.
Genotypes were grouped in three clusters in both conditions.

Keywords: Cluster analysis, Factor analysis, Kabuli chickpea, Path analysis, Stepwise regression and
Terminal drought stress.
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