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Table 1. The characters of the used genotypes
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Gen. number  Gen. name Gen. pedigree Gen. number Gen. name Gen. pedigree
1 ICCV10302 ICCV2 x ICC17109 11 ICCV10314 ICCV92311 x ICC17109
2 ICCV10303 ICCV2 x ICC17109 12 ICCV10315 ICCV92311 x ICC17109
3 ICCV10304 ICCV2 x ICC17109 13 Jam (Control 1) ICCC37 x ICC12451
4 ICCV10305 ICCV2 x ICC17109 14 ICCV10105 ICCC37 x ICC12451
5 ICCV10307 ICCV92311 x ICC17109 15 ICCV10111 ICCC37 x ICC12451
6 ICCV10308 ICCV92311 x ICC17109 16 ICCV10112 ICCC37 x ICC12451
7 ICCV10309 ICCV92311 x ICC17109 17 ICCV10114 ICCC37 x ICC12451
8 ICCV10310 ICCV92311 x ICC17109 18 ICCV10115 ICCC37 x ICC12451
9 ICCV10311 ICCV92311 x ICC17109 19 ICCV10117 ICCV93954 x ICC11321
10 ICCV10312  ICCV92311 x ICC17109 20 Pirouz (Control 2) (Control2)  ICCV93954 x ICC11321
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Table 2. The information of the average of raining and temperature in the experiment sit
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Raining (mm)
G5 ml) Lo 9.5 13.2 16.8 244 285 27.8 21

Temperature (°C)
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Table 3. Coefficients of principal component analysis for 20 chickpea genotypes under drought stress condition

wlis Jol 4l P90 4dlgo pow 4dlgo
Traits First com. Second com. Third com.
Relative water content s ol Slgime 0.097 -0.358 0.068
Sub-branche number 58 asls olass -0.113 0.436 -0.427
Main-branche number kol asls slass -0.339 0.134 -0.229
Seed number per plant Gy 0 &llo olass 0.398 0.028 -0.172
Pod number per plant Ggr 0 D olaws 0.420 0.060 0.001
Plant height g el 0.117 0.556 0.288
100-Seed weight FHAA R 0.095 0.433 0.534
Harvest index el y ey -0.295 -0.032 -0.015
Biomass 0395 Camma 3 0.426 0.065 -0.131
Grain yield als o Slee 0.404 0.051 -0.155
Days to physiologic maturity So5el5 58 (S, B 3, 0.141 -0.377 0.396
Days to 50% podding BIBME w3 B¢ b 3, -0.134 0.112 0.122
Days to 50% flowering RV WY P T -0.192 0.015 0.388
Eigen values oy polie 4.8523 2.0743 1.6477
Cumulative variance oS by 0.470 0.672 0.760
3
PH Hsw
4. SEN
2 * g
DTSO0P
E "1 wmen_ ¢ o 11 gy 6
S 17 DTS0F, PN
a 0
§ HI 2 SNCY o
L] 5 " 3
2 ’
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First Component
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Fig. 1. Biplot graph of two-first principal components for 20 chickpea genotypes under drought stress condition
RWC, Relative water content (_gws J &lsiza); SBN, Sub-branche number (=58 a5Ls olaws); MBN, Main branche number (GJ.@I a5l oluss); SN, Seed

number per plant (ails slass a5gs ,3); PN, Pod number per plant (459, ,o Gé slaws); PH, Plant height (a54; ¢las,f); HSW, 100-Seed weight (als « + y54); HI,
Harvest index (cuils 5 jasL3); BY, Biomass (o545 ey 3); GY, Grain yield (ails s ,Slac); DTM, Days to physiologic maturity ((s59)g: 528 (59w, U 39,);
DT50P, Days to 50% podding ( s»s 8 ao,s O+ U j9,) ; DT50F, Days to 50% flowering ( s»al5 ooy 0+ U 39)).
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Table 4. Coefficients of factor analysis for 20 chickpea genotypes under drought stress condition

olie Jol adlge o adlgo pow adlgo

Traits First com. Second com. Third com.
Relative water content SV Ve 0.313 -0.478 -0.270
Sub-branche number SR RINRG, -0.016 0.868 0.027
Main branche number ol azli slass -0.621 0.533 -0.185
Seed number per plant g yo wls olass 0.901 -0.066 0.017
Pod number per plant gy yo B slaws 0.902 -0.193 0.210
Plant height &g glas )l 0.198 0.248 0.862
100-Seed weight &lo) -+ 59 0.040 -0.070 0.946
Harvest index cls p el -0.613 0.158 -0.150
Biomass 0395 Cann 0.948 -0.080 0.101
Grain yield als 5 ,Slee 0.912 -0.060 0.057
Days to physiologic maturity Sgdged (S, B s, 0.094 -0.800 0.015
Days to 50% podding RO ao ) 00 b g, -0.314 0.091 0.175
Days to 50% flowering PP SEVC SRV, R TP -0.551 -0.197 0.291
Eigen values o3y polie 45341 2.0971 1.9431
Cumulative variance (%) o5 il ly oo 0.449 0.63 0.759
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Fig. 2. Biplot graph of two-first principal factors for 20 chickpea genotypes under drought stress condition
RWC, Relative water content ( owws <! (slgim=s); SBN, Sub-branche number (s 45Ls slass); MBN, Main branche number ( Lol &L slass); SN, Seed

number per plant (ails slass 45gs ,3); PN, Pod number per plant (454, ,o G3é slass); PH, Plant height (a55; £las,f); HSW, 100-seed weight (als) « « y36); HI,

Harvest index (cuisls » azL3); BY, Biomass (0545w 3); GY, Grain yield (ails s ,Slas); DTM, Days to physiologic maturity (<G 5e)g: 58 (5w, U 39));

DT50P, Days to 50% podding ( ;23 8Me as,o 8« b 5g,) ; DT50F, Days to 50% flowering ( »al5 aus )y 0+ U 39)).
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Fig. 3. Clustering 20 chickpea genotypes according to 13 different traits under drought stress condition
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Table 5. Distance matrix among clusters of 20 chickpea genotypes under drought stress condition

Jol abgs P9 adg> o diigS
Cluster 1 Cluster 2 Cluster 3
| digs
Jl adg> 0 746 825
Cluster 1
p39 55> 0 1035
Cluster 2

S 9 P EPT
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Table 6. Results of discriminant function analysis for 20 chickpea genotypes under drought stress condition

ahgs B gl oad Suiey sLas!

Clu’s:eér) No Predicted number for any cluster 5

' Predicted group membership Total
1 2 3

1 Slasws 5 0 0 5

2 Count 0 6 0 6

3 0 0 9 9

1 KW 100 0 0 100

2 Percent 0 100 0 100

3 0 0 100 100

saslewsan mls (Singh et al ., 2014) coul Slao
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Szl Ogldl oudsss Olass oy g (onieid Ol s
= ez Syl G0g 5l sains Lis a5 09 oo cdline
L oSl b e axsliy (Jy il Sl (e
Olie oYL cdYs sl 9 Ol yudd o p ) i

= izs o (Singh et al ., 2014) el oo ol
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Table 7. Estimation of GCV and PCV for different traits in 20 genotypes of chickpea under drought stress condition

(90) (i 935 E 9 o 06 (90,9) (o 350 £ 945 o

Traits Slhe (GCV%) (PCV%)
Relative water content s o (slgime 15.83 19.65
Sub-branche number £50 4L slass 22.77 28.46
Main branche number ol asles slass 21.80 27.87
Seed number per plant G o ails slaws 22.24 27.92
Pod number per plant g p0 M slaws 22.01 29.55
Plant height Gos gl 18.50 22.75
100-Seed weight FH R 49.76 50.02
Harvest index cabls y jasls 7.71 10.69
Biomass 035l 3441 37.91

Grain yield ails 5 Slas 28.99 32
Days to physiologic maturity Sslsed (S, U 5o, 2.66 3.87
Days to 50% podding BN 3oy 00 b, 2.67 3.29
Days to 50% flowering VSRV R C S 413 5.61
L oo @l Lol loadlie o0 mlis Jle jgbay 0o S RN LTI
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Introduction

Chickpea is one of the most important pulses in the world and it plays a key role in feeding of people in
Iran. Iran is one of the original centers of chickpea. This plant has a sianificant genetic diversity and has
favorable conditions for breeding and introducing new cultivars in Iran. According to FAO reports (2014),
the average arain vield of chickpea in Iran with a cultivated area of 565 thousand hectares and an average
yield of 557 kg per hectare is very low compared to the average of the major countries producing chickpeas.
In order to solve this problem, identification of the initial variety of lines and cultivars to start the program is
of particular importance. In fact, three factors of heredity, high diversity and severity of selection are
effective factors in increasing the response to selection. In this regard, there are various methods for
estimating genetic variation in plant species, one of the most important of these methods is multivariate
analysis. It is necessary to use these methods for the classification of germplasm and the analysis of the
genetic relationships existing between the modifying materials. Among the various methods of multivariate
analysis, the principal component analysis, factor analysis, cluster analysis and decomposition function
analysis are among the most important of these methods. In fact, one of the important goals of an outbreak is
to select the best genotypes. In order to achieve this goal, the studied population should have a significant
variation in terms of the characteristics studied, which knowledge of this diversity requires evaluation of the
germplasm.

Materials and Methods

This study included 20 chickpea (Cicer arietinum L.) promising lines were planted in a randomized
complete block design with three replications in 2013 growing season. To evaluate the diversity of lines
based on important agro-morphological traits and to achieve the desired goals, various statistical methods
including principal component analysis, factor analysis, cluster analysis and decomposition function analysis
were used. Genotypic coefficient of variance (GCV) and phenotype coefficient of variance (PCV) using
genotype variance and phenotype variance, respectively, were calculated. All calculations and statistical
analyzes such as component analysis, cluster analysis, and decomposition function analysis were performed
using SPSS and Minitab software.
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Results and Discussion

The lowest and the highest coefficient of genotypic changes were related to day physiology (2.66%) and
100-seed weight (49.76%). The results showed that the three main first components explained 76% of the
total variance of the traits totally. The first and second components were named as "component of grain yield
increase" and "vegetative growth component". The results of factor analysis were consistent with the results
of the principal component analysis. In order to cluster the studied lines and for their grouping based on the
studied traits, Ward method and Pearson’s square distance matrix were used. According to the cluster
analysis, the genotypes were located in three distinct groups, so that the second and third clusters had the
highest genetic distance and they were recognized as “yield clusters” and "vegetative growth cluster”,
respectively. Therefore, crossing between the two above mentioned-groups, will result to high artificial
diversity in the future generations. According to the cluster analysis, the lines were divided into three
separate clusters. Discriminant function analysis confirmed the cluster grouping completely. In a study,
nineteen chickpea lines and five genotypes of wild chickpea (Cicer veticulatum) were classified into three
distinct groups using cluster analysis, so that wild-type genotypes in one group and two lines of cropping
lines were grouped separately from other lines. Ganjali et al, (2009), applied the multivariate bi-plot analysis
to evaluate the variation in chickpea germplasm for drought resistance.

Conclusion

There was a remarkable genetic diversity for the current germplasm, therefore existence a high level of
aenetic diversity and a remarkable GVC for the trait of 100-seed weiaght indicating that this trait can be used
as a suitable character for yield improvement in the germplasm and under this experiment conditions.
Finally, selection for high levels of biomass, pod number per plant and seed number per plant, and a low
amount of main branches number, will increase the grain yield in the future breeding program.

Keywords: Cluster analysis, Discriminant function, Drought stress, Factor analysis, Principal component
analysis
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