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Analysis of genetic diversity in agronomic traits of Chickpea (Cicer arietinum L.)
genotypes using multivariate methods
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ABSTRACT

To study the genetic diversity of chickpea cultivars, 57 chickpea genotypes along with six controls (Jam, Korosh, Hashem,
Azad, Arman and local variety) were planted in Shahrbabak during 2014-2015. Agronomic traits including, number of days
to flowering, the total number of pod per plant, number of empty pods per plant, number of full pod per plant, number of
seeds per plant, biologic dry weight, harvest index and seed weight was measured. Results indicated that most traits have a
wide range of variation, as indicating high variability in genotypes. The highest coefficient of variability for the number of
pods per plant (34.8%) and the lowest coefficient of phenotypic variations was observed for the number of days to flowering
(7.52%). Genotypes were grouped in three clusters. Five factors extracted in factor analysis explained 89.59 % of total
variations. The results of stepwise regression showed that the number of pods per plant, harvest index, biological dry weight
per plant and 100KW had the greatest impact on yield. Finally, based on genotypes rank in traits that had most effectiveness
on grain yield and yield stability index, the genotypes: Mahan (606), 1LC482, Esfahan (478) and Uromyeh (129) were
selected to replanting along with local genotype in an experimental desgin in Shahrbabak for selecting the best genotype and
introduce for shahbabak region.
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Table 1. Collection number and origin of genotypes used in study

Code Colecsion.no Origin Code Colecsion.no origin
403 12-071-03753 Torbatjam 59 12-071-02940 Ardabil
245 12-071-03760 Jiroft 490 12-071-04084 Ardabil
259 12-071-03776 Jiroft 534 12-071-06912 Ardabil
284 12-071-03805 Jiroft 128 12-071-03718 oromyeh
289 12-071-03811 Jiroft 129 12-071-03746 oromyeh
307 12-071-03832 Jiroft 198 12-071-03703 oromyeh
308 12-071-03833 Jiroft 216 12-071-03725 oromyeh
317 12-071-03845 Jiroft 233 12-071-03746 oromyeh
318 12-071-03846 Jiroft 235 12-071-03749 oromyeh
306 12-071-03831 Jiroft 236 12-071-03750 oromyeh
563 12-071-06942 Khoy 239 12-071-03753 oromyeh
109 12-071-06678 Mamaghan 508 12-071-06885 oromyeh
473 12-071-04052 Daragaz 511 12-071-06888 oromyeh
474 12-071-04053 Daragaz 512 12-071-06889 oromyeh

56 12-071-02740 Shiraz 525 12-071-06903 oromyeh
492 12-071-04091 Fao 29 12-071-02270 esfahan
23 12-071-01837 Qazvin 36 12-071-02316 esfahan
38 12-071-02351 Ghochan 466 12-071-04043 esfahan
2 12-071-01834 Karaj 478 12-071-04063 esfahan
16 12-071-01972 Karaj 629 12-071-07007 esfahan
22 12-071-02090 Karaj 642 12-071-07021 bam
154 12-071-03641 Karaj 139 12-071-03885 torbatjam
606 12-071-06985 Mahan 323 12-071-03852 torbatjam
552 12-071-06931 Miyaneh 325 12-071-03854 torbatjam
- ILC 482 Icarda 328 12-071-03859 torbatjam
- Arman Icarda 370 12-071-03916 torbatjam
- Azad Icarda 357 12-071-03900 torbatjam
- Jam Esfahan 345 12-071-03884 torbatjam
- Shahrbabak Shahrbabak 375 12-071-03922 torbatjam
- Korosh 335 12-071-03871 torbatjam
- Hashem Icarda 356 12-071-03899 torbatjam

394 12-071-03946 torbatjam
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Table 2. Combined analysis of check varieties over two years for different traits under study

(MS)

Days to Dr . No. of No. of No. of No. of
SOV df HI' rovaaring weigr);t/p Yield/p 100kw' seed/p Empty pod/p Full pod/plant Totalpod/plant
Y 1 4283547 472,627 565" 56.87 198.61™ 695.14" = 4275 539.477 885.95"
R(Y)(e) 4 23335 17.62 21.24 524  102.01  61.85 4.49 48.62 80.88
Cultivar 5 576.59™ 150597 28.14" 15327 268.03" 129.25™ 4.19™ 111.30™ 150.33™
Y*cultivar 5  289.56°  89.13"  30.99” 11.817 193.77™ 115.65™ 4.99™ 88.07"" 127.95™
(e2) 197 9151 17.83 6.21 2.15 76.26 14.58 0.94 9.87 14.02
Total 34
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*, **and *** denote, significant at 0.05, 0.01 and 0.001 respectively.

F: HI= Harvest Index, 100KW = 100 kernel weight, 19 = one degree of freedom has reduced due to missing data estimation.
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Table 3. Descriptive statistics of traits for 63
genotypes of pea
. . Standard W e s
Traits Mean Max Min oo o CV% Sladies & o
Days to flowering 64.35 742 538  4.83 7.50 PR oS at - ods
Totalpods/plant 1469 25 43 479 3265 27 SETEP) Om &5 s oy
Noof full pod/plant 1185 205 35 412 3556 q , cliw o8l dlole s Ward  Be, do , cladses
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100kernel weight 29.58 51.08 15.06 7.30 24.67 Y OUKE) wals gaiueg,S AdbgS dw 40 VOIAD
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Figure 1. Dendrogram of cluster analysis for 63 genotypes of peas based on Euclidian distance and Ward method
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Table 4. Diversity statistics and nomber of genotypes within clusters
No. of Within group Individual maximum Average of individual Within S
observation variance distance from the center Distance from the centr

Clusterl 21 4.044 3.215 1.931 84.941
Cluster2 23 4.967 5.088 2.034 114.251
Cluster3 19 4,913 3.271 2.018 93.356
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Table 5. Distance between clusters of 63 chickpea
genotypes under study

Groupl Group?2 Group3
Groupl 0 2.712 5.112
Group2 2.712 0 2.504
Group3 5.112 2.504 0
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Table 6. The centroid is the vector of variable means
for the observations in that cluster

Traits Clusterl  Cluster2  Cluster3
Days to flowering 0.432 -0.127 -0.323
Totalpods/plant -1.054 0.008 1.154
No.of full pod/plant -1.015 0.013 1.106
No.of empty pod/plant -0.734 0.011 0.797
Seed no/plant -1.025 0.036 1.088
Yield/plant -1.028 0.016 1.116
Dryweight/plant -0.882 0.108 0.844
100kernel weight -0.471 0.288 0.172
Harvest index -0.638 0.128 0.549
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Table 7. Unbalanced multivariate analysis of variance
for 3 groups
Statistic Test Statistic F P
Wilks 0.121 10.798 0.000
Lawley-Hotelling 6.093 17.266 0.000
Pillais 1.016 6.088 0.000
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Table 8. The correlation coefficients between traits in pea based on average of two years
1 2 3 4 5 6 7 8 9

Days to flowering (1) 1
Totalpods/plant (2) -0.33" 1
No.of full pod/plant (3) -0.337 0.98"™ 1
No.of empty pod/plant (4) -0.14 0.617" 0.45™ 1
Seed no/plant (5) -0.317 0.95™ 0.96"" 0477 1
Yield/plant (6) 039" 088 0897 043" 088 1
Dryweight/plant (7) -0.37 073" 0717 048 0687 0717 1
100kernel weight (8) -0.19 0.16 0.15 0.12 0.12 0.35" 0.18 1
Harvest index(9) 0.44™ 0.53™" 0.55™" 0.21 057" 0.69™" 022 037" 1

Bt Loy /) g o0 ) oy 8 Jloisl mhaw jo jlo Jixe coaias L o i A

*, ** *x%: Significantly difference at 0.05, 0.01 and 0.001 probability levels, repectively.

Jole 2 Lawgi oadaz g (Wil wo s g Slao 65 babole cupo dafole A Jgoxr
Table 9. Factors and their loads on traits and amont of explained variance by each factor

Traits Fac-1 Fac-2 Fac-3 Fac-4 Fac-5
Days to flowering -0.180 -0.034 0.083 -0.965" 0.167
Totalpods/plant 0.898" 0.324 -0.051 0.136 -0.165
No.of full pod/plant 0.941" 0.139 -0.047 0.140 -0.179
No.of empty pod/plant 0.292 0.945" -0.048 0.034 -0.043
Seed no/plant 0.930" 0.171 -0.006 0.111 -0.223
Yield/plant 0.778" 0.130 -0.218 0.179 -0.360
Dryweight/plant 0.592" 0.218 -0.105 -0.066 0.012
100kernel weight 0.062 0.044 -0.981" 0.079 -0.150
Harvest index 0.370 0.047 -0.202 0.215 -.879"
Expained variance% 41.9 12.4 11.9 11.9 11.8

In this analysis factor loads greater than 0.5 were considered significant.
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Table 10. Result of stepwise regression analysis: grain yield per plant as dependent variable and the other agronomic
traits as independent variables

Parcial coefficients of regression

Step Traits Intercept X; % X Xa Cumulative R? Mallow's Cp
1 Full pod/plant (X,) 0.495 0.263™ 79.66 61.2
2 HI (X2) -0.186  0.216™  0.034™ 85.41 27.8
3 Dryweight/plant (X3) -1.201 0145 0.042™ 0.150™" 88.81 8.9
4 100kernel weight (X,) -1.320 0.157""  0.036™" 0.130™" 0.013" 89.70 4.9

RO A R W W IR WY Ry | PUES I SR NP PR N XA AR
*, ** %% denote significant at 0.05, 0.01 and 0.001, respectively.
y=-1.32+0.157 x; + 0.0364 x, + 0.130 X3 + 0.0139 x4
y=0.532 X3+ 0.307 Xo+ 0.244 x5+ 0.112 X4 Standard model

Table 11. Results of path analysis for grain yield per plant

Trait Indirect effect Direct Co_rrelat_ion

1 2 3 4 effects with yeild
No.of full pod/plant - 0.169 0.175 0.017 0.531 0.894™"
Harvest lindex 0.292 - 0.053 0.041 0.307 0.695™"
Dryweight/plant 0.382 0.067 - 0.02 0.244 0.715™
100kernel weight 0.084 0114 0.045 - 0.111 0.356"

Residual = 0.311

oels e g dilods 5 igy ;0 005y ) S (59 «Zudld p asli ig jo p AW Hled Slas Kl VY Jgu

lazd 5188 05,5 )0 b Silee duglite ) a5 lacelsis 5l 6rled 5 Sl (gog &igad sl miYlgsS]
Table 12. Means of traits: number of pods per plant, harvest index, biological dry weight per plant, 100 kernol weight and
ecovalance index for the genotypes that have been grouped in Group A in means comparison, and Shahrbabak landrace

Genotype (code) Num.of full pod/plant Harvest index ~ Dryweight/plant 100kernel weight  Yield/plant Wi

Arman 16.0 46.80 11.88 34.03 5.65 7.719
Esfahan (36) 14.1 48.26 11.19 38.59 5.26 1.919
Esfahan (478) 182 50.12 10.16 31.80 5.18 2.552
Esfahan (629) 115 54.85 9.43 51.08 3.48 1.618
1LC482 19.5 51.60 12.49 38.83 6.48 3.102
Jiroft (318) 185 36.62 13.91 29.13 492 0.115
Jiroft (284) 75 49.38 9.76 24.52 2.67 0.232
Jiroft (259) 15 38.20 12.66 30.90 4.62 0.319
Jiroft (308) 12.1 36.16 12.51 45.03 492 4.087
Mahan (606) 20.3 49.29 11.84 26.73 5.80 1.600
Torbatjam (325) 20.5 37.39 14.76 29.60 5.63 8.401
Torbatjam (356) 14.2 46.58 11.00 39.80 5.03 0.096
Torbatjam (357) 185 43.66 12.41 35.27 5.67 9.327
Torbatjam (139) 13 26.00 14.16 19.89 481 3.562
Torbatjam (345) 125 32.48 12.36 30.33 3.66 4.266
Torbatjam (394) 15 26.00 14.16 19.89 3.68 16.365
Oromyeh (198) 12,5 29.33 13.33 28.77 3.61 4.902
Oromyeh (239) 10.5 26.91 16.02 23.76 3.61 2.400
Oromyeh (129) 185 35.79 15.58 3171 531 0.055
Oromyeh (233) 16.5 42.07 10.78 30.62 4.45 0.185
Oromyeh (525) 8.5 4491 8.71 20.05 2.80 0.452
Oromyeh (512) 10.5 45.44 7.80 24.01 3.22 0.026
Ghochan (38) 145 56.64 7.46 31.26 3.98 0.179
Karaj (154) 9.4 47.15 8.40 42.22 3.94 2.858
Miyaneh (552) 14.5 47.93 8.10 36.83 5.23 4,002
Khoy (536) 19 31.84 13.86 27.57 433 0.833

Shahrbabak 15.2 44.90 12.23 45.20 5.59 4.216
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Table 13. Ranks of pods per plant, harvest index, biological dry weight per plant, 100 kernol ,yield per plant and sum

of traits ranks (¥)) and ecovalance index for the genotypes that have been grouped in Group A in means comparison,
and Shahrbabak landrace.

Genotype (code)  Num.of full pod/plant  Harvest index

Oromyeh (512) 5 16
Oromyeh (129) 21 7
Torbatjam (356) 11 17
Jiroft (318) 22 9
Ghochan (38) 15 27
Oromyeh (233) 19 12
Jiroft (284) 1 23
Jiroft (259) 12 11
Oromyeh (525) 2 15
Khoy (536) 24 5
Mahan (606) 26 22
Esfahan (629) 6 26
Esfahan (36) 10 21
Oromyeh (239) 4 3
Esfahan (478) 20 24
Karaj (154) 3 19
1LC482 25 25
Torbatjam (139) 13 1
Miyaneh (552) 16 20
Jiroft (308) 7 8
Shahrbabak 18 14
Torbatjam (345) 8 6
Oromyeh (198) 9 4
Arman 17 18
Torbatjam (325) 27 10
Torbatjam (357) 23 13

Torbatjam (394) 14 2

Dryweight/plant  100kernel weight  Yield/plant > Wi
2

5 3 31 1
26 16 21 a 2
10 23 17 78 3
22 10 15 78 4
1 15 10 68 5
9 13 12 65 6
7 6 1 38 7
19 14 13 69 8
5 3 2 27 9
21 8 11 69 10
12 7 26 983 1
6 27 4 69 12
11 21 20 83 13
27 4 6 44 14
8 17 18 87 15
4 24 9 59 16
17 22 27 116 17
23 1 14 52 18
3 20 19 78 19
18 25 16 74 20
14 26 22 94 2
15 12 7 48 22
20 9 5 47 23
13 18 24 90 24
25 11 23 96 25
16 19 25 96 26
24 2 8 50 27
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