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Table 1. Name and origin of studied 64 Kabuli type chickpea genotypes

gl oS i 35 0)lod slice gl oS i 35 0)lod slice
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 Gazvin 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 Gochan 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
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Table 3. Factor analysis using Varimax rotation for Kabuli type chickpea genotypes

Traits s Jol Jele pgs Jole pew Jole el Jole STyl o
(First) (Second) (Third) (Fourth) Communality

DF oS ao 30 b g, Slass -0.034 -0.060 0.888 -0.148 0.816
DP B 2,30 b 5, olows -0.081 -0.115 0.878 0.073 0.795
SPI Agy o ails ol -0.644 0.629 0.033 0.395 0.968
PP Wy 40 5 O Slass -0.399 0.838 -0.147 -0.068 0.888

100SW als) -+ 559 0.864 0.207 -0.316 -0.139 0.909
SPW M L il 35 0.372 0.844 -0.282 0.148 0.952
BY Sessdsm o Slos 0.260 0.854 -0.018 -0.244 0.858
SY Wy o als o,Slas 0.345 0.843 -0.307 0.175 0.955
HI ol pasls 0.144 0.055 -0.339 0.801 0.779
PH a5 glis)| 0.449 0.447 -0.069 -0.211 0.451
NB Lol slaasls sluss 0.171 0.485 -0.088 -0.475 0.498
BW ol asls L3 0.278 0.633 0.251 -0.176 0.571
SPo W o ails ol -0.407 -0.132 0.248 0.749 0.807
PL A Jobs 0.870 0.170 0.059 -0.032 0.790
PW NP 0.917 0.153 0.062 0.007 0.868
SL als Jsb 0.562 0.145 -0.490 -0.387 0.726
SW @l jlas 0.872 0.140 -0.162 -0.070 0.810

Eigen values oy polae 6.508 3.318 2.090 1.524 -
Cumulative of e s S0 38.284 57.804 70.099 79.064 -

variance (%)

DF= Days to 50% flowering; DP= Days to 50% podding; SPI= Seeds per plant; PP=Pods per plant; 100SW = 100-seed weight; SPW= Seed and pod weight;
BY=Biological yield per plant; SY= Seed yield per plant; HI= Harvest index; PH= Plant height; NB= Number of main branches; BW= Main branch diameter;
SPo= Seeds per pod; PL=Pod length; PW= Pod diameter; SL= Seed length; SW= Seed diameter
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Fig. 1. Distribution of Kabuli type chickpea genotypes on the basis of the first and the second components
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Fig. 2. Classifying dendrogram in Kabuli chickpea genotype based on morphological traits
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Table 4. Result of discriminant analysis to confirmation Kabuli chickpea genotype classification

G09S (Group) og,5 slas! Nigres

Grouping 1 2 3 4 5 Total

1 26 0 0 0 0 26

2 0 17 0 0 0 17

Sum) ggoxe 3 0 0 6 0 0 6

4 0 0 0 6 1 7

. 5 1 0 0 0 8 8
Main) L 1 100 0 0 0 0 100
2 0 100 0 0 0 100

%) %oy 3 0 0 100 0 0 100

4 0 0 0 85.7 143 100

5 0 0 0 0 100 100

—
<
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Table 5. Canonical structure matrix of studied traits in Kabuli chickpea genotype

(Canonical varieties) S¢S o o

Traits Ol
1 2 3 4

DF VLRV T HEPPRORV, -0.031  -0.137 0.143 0.364"
DP PO 3,30 b e, 0l -0.013 <0204 0257 0.460"
SPI g yo asls olaws 0713 0378  -0.135  -0.050
PP g 0 5 e olas 0.439" 0.304 -0.210  -0.010
100SW als e 39 -0.104  0411"  -0.052  -0.224
SPW M L ails 39 0.177 0538 -0.116  -0.136
BY Soiedow o Slas 0.145 0.521°  -0.065 0.058
SY a0 ails 5 ,Shee 0.179 0491 -0.107  -0.211
HI csls y asls 0.046  -0.003  -0.031  -0.260"
PH wg gl 0.011 0.198"  0.005  -0.186
NB kol sloaslis slass 0015 0207 0207  -0.065
BW kol asls s 0.058 0355 -0.407° 0257
SPo B o il slows 0.090  -0.364"  0.181 -0.012
PL 3l Jsb 0.102  0.344"  -0.052  0.147
PW e lad -0.108 0288  -0.114 0.118
SL als Jobo -0.075  0462°  -0.200 0.098
SW als lad 0.117 0472 0193  -0.237
Eigenvalues oy polie 15325 1761 0.368 0.251
Cumulative of variance (%) (ST s 0y 86.6 96.5 98.6 100.0
Canonical Correlation SoplS Ko 0.969"  0.7997  0.519°  0.448™

¥
>_§...:54l5 o g Clo o yo oo live M’" . L}J)JYL :
*: Largest absolute correlation between each variable and any discriminant function
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Table 6. Mahalanobis distance between clusters

(Group) o9, 1 2 3 4 5
1 0
2 26.348 0
3 67.023  93.246 0
4 28.491 53.383  45.566 0
5 39.002 63.788 33.015 30.803 0
cluster
- (o3
10 32
A3
v4
®5
B Group Centroid
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Fig. 3. Classification of Kabuli chickpea genotype based on significant canonical variables
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Table 7. Groups analysis of variance based on studied traits

Variance
Traits o P95 om owbsly (29550950 bl
Between group Within group
d.f. ERHECSS 4 59
DF XV RV R PR RS 6.970™ 7.663
DP  ouddl wopobd- b 5, olows 11.923™ 5.276
SPI W 5o ails olass 8886.954" 74.851
PP D 5o 7 O ol 3533.081" 76.439
100SW wls -+ (5 98.203" 13.990
SPW e b als o3 266.383"" 18.062
BY Soislsm o Shas 515.954" 43.606
SY Gy als o,Slas 154.438™ 11.234
HI cuilsy sasls 38.011™ 51.264
PH Wy glis )| 14.423 ™ 12.271
NB el slaasls olaws 0.067™ 0.047
BW ol asls L 1.355™ 0.261
SPo M 5 ails olaw 0.162" 0.030
PL RENENR 12.183° 2.196
PW NENERNR: 3.104" 0.631
SL als Jsb 2.1217 0.300
SW als las 1.532" 0.165

DF= Days to 50% flowering; DP= Days to 50% podding; SPI= Seeds per plant; PP= Pods per plant; 100SW = 100-seed weight; SPW= Seed and pod weight;
BY= Biological yield per plant; SY= Seed yield per plant; HI= Harvest index; PH= Plant height; NB= Number of main branches; BW= Main branch diameter;
SPo= Seeds per pod; PL= Pod length; PW= Pod diameter; SL= Seed length; SW= Seed diameter

00,085 5 iy Jleizl ol 10 o poe ol pae e ol Sy

g % NS

ns, * and **: Non-significant, significant at 5% and 1% levels of probability, respectively
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Table 8. Cluster analysis in Kabuli chickpea genotypes

Traits o Vog,s Yogs ¥og)s Fogs LXIT I oSk
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Total Average
Number of i 55 ol 26 17 6 7 8 64
genotype i
DF PF 0o j0B8¢ G 59, olass 9337%+288 9412319  92.00°+1.41  93.14™+244  95.06°+2.29 93.63 £2.79
DP SPOBME duoyobe U jgy0la 10227°42.69 102684227  101.08°+0.86  102.00°+1.87  104.50°+1.83 102.52 +2.39
SP1 ag 0 Ao Slaxs 107.63%48.44  8543°+793  160.54°+1031 126.05°+5.60 142.84°+1140  113.11+25.19
PP ag y0 3 OO Slas 90.929+9.82  7426°+796  12142°49.76  11329°+4.00  99.36 °+8.58 92.85+17.20
100SW &loYesyig 19.03%+4.36  19.13°+£3.92  1530°+2.85  19.83°+2.73  12.12°+1.62 17.93 £4.40
SPW M b &ls 339 2622°+4.88  2140°+3.81  31.21%+459  33.87°#3.37  22.32°43.05 25.81+5.82
BY S 5elgw 0,5 os 40224750  33.799+6.00  45.15°+6.06  52.10°+7.84  34.59 237 39.57+8.58
SY ag y &ils 5, Khas 2025°43.72  1630°43.36  2434%43.16  25.56°42.47  17.33™42.66 19.80+4.51
HI o g s ls 50.41°49.12  48.36°+4.52  54.12°+4.66  49.65°+526  50.10+7.02 50.09+7.10
PH ag gl 4327°%44.02  42.16%+3.58  4321°+2.83  44.11°#3.20  40.80*+1.43 42.7543.52
NB Shol sasls oluss 3521015 3.51%*0.22 3.58 1035 3.64°+0.21 3.39°+0.23 3.52+0.22
BW slol a5 Jhs 5.07%+0.52  5.07°+0.59 5.42 % +0.44 5.882+0.53 4.80°+0.23 5.16£0.57
SPo G 4o ails Slaxs 1.20%+0.21 1.16 ©+0.12 133%®+0.15 1.10 € +0.06 1.44°+0.19 1.2240.20
PL G Jgb 20.03%+1.32  2041°+1.44  18.44°4201  20.81°+1.39  18.11°+1.74 19.83+1.68
PW G s 9.58 " +0.84 9.88 * +0.86 8.82°+0.75 9.89 % +0.76 8.65°+0.45 9.51+0.89
SL &ls Jab 786 +£0.55  7.96 °+0.49 7.47 % £0.65 8.37 % +0.64 7.00 °+0.51 7.80+0.64
SW &lo ylad 6.08™+0.44  6.15°£0.40 5.71°+0.40 6.24"+0.26 5.24°+0.40 5.98+0.50

Wl oo b (o e gles o 00 Lol el j0 Sls (glassloaiz (g3l bl 5 25l FoaS b (S i gy a5 g polie sy o o
Means by the uncommon letter in each row are significantly different according to Duncan's multiple range tests (5%).
DF= Days to 50% flowering; DP= Days to 50% podding; SP1= Seeds per plant; PP=Pods per plant; 100SW = 100-seed weight; SPW= Seed and pod weight;
BY= Biological yield per plant; SY= Seed yield per plant; HI= Harvest index; PH= Plant height; NB= Number of main branches; BW= Main branch diameter;
SPo= Seeds per pod; PL=Pod length; PW= Pod diameter; SL= Seed length; SW= Seed diameter
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Abstract

In order to assess and identify genetic diversity and genetic relationships of the 64 Kabuli chickpeas
genotypes, an experimental design was carried out in a simple lattice design (8x8) in 2009-2010 cropping
season on the Research Field of College of Agriculture and Natural Resource of Tehran University. The
results of phenotypic correlation showed that grain yield per plant had significant and positive correlation
with seed and pod weight, biological yield, number of filled pods, 100 seed weight, number of seeds per
plant, seed diameter and main branch diameter at 1% level probability and negative correlation with day to
50% flowering and days to 50% podding. Based on factor analysis, four factors were selected that in total
79% of the total variation was explained. The first and second factors were explained high percent of
variation that including 100-seed weight, plant height, pod length, pod diameter, seed length, seed diameter,
number of filled pods, seed and pod weight, biological yield, grain yield and main branch diameter.
Therefore, these two factors used to identify genotypes with high yield and yield components and genotypes
2,22,29,36, 120, 139, 198, 239, 335, 345, 356, 357, 375, 473, 474, 534, 552, 555 and 629 with two control
genotypes Jam (998) and Korosh (999) were selected as high yield and component yield genotypes.
According to the result of cluster analysis, the genotypes were classified in 5 clusters. The genotypes of third
and fourth cluster had high yield and earliness in compare with other clusters and genotype average.
According to the result of cluster analysis, we can use third and fourth cluster genotypes and two control
genotypes (Jam and Korosh) for producing new genotypes with high yield.

Key words: Cluster analysis, Factor analysis, Kabuli Chickpea, Morphological traits, Multivariate analysis
of variance
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