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Table 1. Names and origin of studied 30 chickpea genotypes
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Table 2. Simple correlation coefficients between traits and yield in chickpea genotypes under non-stress (down) and

drought stress (up) condition

Traite lio 1 2 3 4 5 6 7 8 9 10 1
LBrancheslplant  45Lo slaw 1 010"  -0.006™ -0.07° -0.05® 002 -007° -013° -008°  017°  0.26"
2.Plant elis | 0.44* 1 018  -006™ 015° 033° -042°  009°  -0.04® 021"  -0.28"
height(cm)
3.Seed ?]”d pod o2 035" 023" 1 079 098" 006"  025° 011  004°  029° 026"
weight(g) G o JelS
5o als olass . . N . .
4.Seeds/plant 023 022°  0.71% 1 081" 050" 064 035 035" 059 058
Sy
) 4o dils o Sles "
5.Yield/plant(g) 034 033 085 065 1 003® 027"  007° -0005° 033  026*
Ay
6.100-seed SsVe-n3s 051 045° 047 003° 037° 1 073" 075" 0697 064" 063"
weight(g)
5o dils slass . " - - -
7.seeds per pod 002 -002°  -031"  -044° 026 0.22° 1 062" 056 0.61 053
S
8.Pod length(cm) ENFRNR 028 011 007" 027 015® 060"  028® 1 094" 060"  -0.58"
9.Podwidth(cm) S o,e  048%  -012®  -008™ -0.16® -002° 028" -0.004®  0.66° 1 053" 048"
0, RWERRYARY ki
1°'f'|3ay t0 50% TP o090 0460 021 013 -002° -035F  -005% 047  .030" 1 083"
owering 6_“ 5
KVERRYARE -
11.Day to 50% U 0230 001 001 041% 021 037 -0.03" 057 084t 1
poding u’_mady& 0.58%*

doys Sy g i Jleiol e 5o o e g jlo e 5 5lel S pae s a5 NS

ns,*and **: Not-significant, Significant at 5% & 1% probability level, respectively

S G gee byl 50 dilo 0 )Sas (sl cale calpd 4o Y Jgux
Table 3. Path analysis for grain yield in chickpea genotypes under non-drought stress condition

Traite wlas m;::é o 1 Indirect effect via g yb ;1 puiionno gl 551
Coff. Direct effect 1 2
5 e 5
Seed and pod weight & o 0.85 0.81 - 0.04
4.:9.: )0
100-seed weight alo Ver g 0.37 0.23 40.1 -

S g Tyl sy Al 0 Shos gl p Cade Culpd a3 -F Jgus
Table 4. Path analysis for grain yield in chickpea genotypes under drought stress condition

_ wlao (S ) g s 51 Indirect effect viags yb 31 puibowo a5l
Traite Correlation Di;ect effect 1 2 3
Coff.
Seed and pod weight JolS e 59 0.98 0.76 - 0.21 0.01
Seeds/plant aslo slaws 0.81 0.27 0.60 - -0.06
100-seed weight a5 0.03 0.12 0.05 -0.13 -

AY
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Table 5. Principal component analysis in chickpea genotypes under non-stress and drought stress conditions

Traite o Jol Jele 9o Jole P Jole el Jole

(First Factor) (Second Factor)  (Third Factor)  (Forth Factor)
N N L R S G
non-stress  stress  non-stress  stress  non-stress  stress stress
Pod length e Jsbo 0.79 0.96 -0.18 0.07 0.35 -0.03 -0.10
Pod width e o0 0.82 0.95 -0.01 0.02 -0.08 -0.19 -0.02
Day to 50% flowering R 5, -0.69 -0.66 0.12 0.38 -0.13 -0.31 0.33
Day to 50% poding PO 4, -0.88 -0.61 -0.08 0.34 -0.07 -0.38 0.45
Seed and pod weight Jol5" e 59 -0.10 -0.70 0.86 0.98 0.31 0.08 0.03
Seeds/plant Ll slaws -0.20 0.43 0.82 0.86 0.13 -0.14 -0.05
Yield/plant ails o Slee 0.12 0.02 0.75 0.98 0.43 0.07 -0.01
Seeds per pod B o aily slass 0.01 -0.70 -0.70 0.32 0.35 -0.44 -0.14
100-seed weight Gl Ve i 0.42 0.86 -0.01 -0.03 0.77 0.33 0.03
Plant height el -0.11 0.08 0.12 0.12 0.78 0.95 0.07
Branches/plant a3 olows 0.19 0.03 0.24 -0.06 0.68 0.10 0.94
Eigen values oy polie 3.34 4.94 2.95 2.58 1.35 1.30 1.05
Proportion of variance s il )ls s jo 30.32 44.86 26.78 23.43 12.28 11.82 9.56
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Fig. 1. Distribution of chickpea genotypes on the basis of the first and the second components
under non-drought stress condition
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Fig. 2. Distribution of chickpea genotypes on the basis of the first and the second components
under drought stress condition
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Fig. 3. Dendrogram of clustering chickpea genotypes under non-drought stress condition
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Table 6. Result of discriminant analysis to confirmation chickpea genotype classification
under non-drought stress condition

(Grouping) gaisey 5 (Group) 9,5 slas! (Total) Js ao
1 2 3
1 17 0 0 17
(Sum) gsome 2 0 5 0 5
3 0 0 8 8
1 100 0 0 100
VORI 2 0 10 0 100
3 0 0 100 100
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Table 7. Cluster analysis results in chickpea genotypes under non-drought stress condition

Traite ol Jal Fusdls P92 ywdS pow JudS 5 (il
Cluster | Cluster 11 Cluster 111 Total mean
17 5 8
Branches.plant asLo olows 2.60%+0.21 2.95%+0.64 2.41°4+0.29 2.62
Plant height el 37.82£2.89  40.79%2.55 36.10°+£2.73 38.02
Seed and pod weight W 0 JalS B 59 24.21°+5.39 41.26+7.19 29.48°+4.27 28.40
Seeds.plant Gy, ails slasy 74.86°+17.70  155.08%16  108.80°+£29.91 96.84
Yield.plant Loy ails o Slee 17.94°+5.78 29.18%+4.88 19.72°+4.67 20.31
100-seed weight als Voo 59 21.55%+4.15 23.57%+3.38 16.15°+3.47 20.53
Seeds per pod Ae o ails slaws 1.05%0.15 0.94%£ 0.11 0.90%+£0.22 0.99
Pod length e Jgb 19.76% £1.42 19.84%+1.17 16.77°+ 1.31 19.08
Pod width Dl oo 10.62°+1.84 10.25%°+0.93 8.76°+0.40 10.12
Day to 50% flowering VLR B L) 75.27°+£2.71 75.80°+1.26 78.30%3.17 75.93
Day to 50% poding RO 30,00+ b 5, 86.41°+1.83  87.07%+1.38  88.50°%t1.41 86.96

(3o s iy Jlot! grhaws )0 Sils glasals aiz 5050) A5yl w0 b (gl e BB oS e ot gy b (g polie wi) jo j0F
*Means by the uncommon letter in each row are significantly different according to Duncan's multiple range tests (5%)
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Fig. 4. Dendrogram of clustering chickpea genotypes under drought stress condition
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Table 8. Result of discriminant analysis to confirmation chickpea genotype classification
under drought stress condition

(Group) 09,5 slac!

(Grouping) aives,S (Total) Js gox
1 2 3 4
1 9 0 0 o 17
(Sum) e 2 0 15 0 o0 5
3.0 0 2 0 8
4 0 0 0 4
1 100 0 0 o0 100
ARV 2 0 100 0 0 100
3.0 0 100 0 100
4 0 0 0 100 100

S i by |yl i 9955 (Wi 935 (gladligS 4 3T 50 Wog S Wil lane Sl pzil g (aSlae duulie -4 Jgu
Table 9. Cluster analysis results in chickpea genotypes under drought stress condition

Traits o Jal s P38 S pow DS Pl Fudls ol
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total mean
9 15 2 4
Branches/plant 4L olass 2.4340.08 24284+ Y¥ 2.260.27 2434+ YY 241
Plant height el 34.57%+1.04 36.81%+2.43 34.84%+1.17 32.15%+2.36 35.38
See\fl;g‘:]f"d Gg 5 JalS BB 56 16.12"+4.69 17.81° 2.56 31.88%:3.63 18.18"+5.29 18.29
Seeds.plant g o als slasy 39.24°+9.24 56.48°+ 10.39 130.71%£32.99 91.05°+3.19 60.87
Yield.plant Wy yo als o Slas 10.86°+3.44 12.84°+ 1.90 26.56°+£1.92 3.28"+3.82 13.22
100-seed weight als Ve 26.11%£3.47 22.35%3.62 22.03%5.70 14.92°+1.79 22.33
seeds per pod AU o wils slass 0.83%40.07 0.9340.10 1.00°£0.08 1.21+0.04 0.94
Pod length e Jsb 20.47%+0.78 18.08°+0.88 19.82+0.06 15.11%1.21 18.52
Pod width D oy 10.86%+0.30 9.06°+0.47 10.05°+0.29 8.13%:0.53 9.54
Day to 50% N 5 b b b 6.69
flowering RN 20,000 U 59, 74.70°+1.54 76.31°+1.96 80.00%+2.36 80.922+£2.70 76.
0,
Dag’otd"ir‘:’gﬂ’ e asyode b g, 85.110+1.49 bg5.38:+.1.72 87.67:£0.47 89.50%£0.84 86

(3o yd gy Jloio! o )0 Sils glasals siz 5050) A5yl w0 b (gl e BB oS ot gy b (g ppolie wiss, j2 j0F
*Means by the uncommon letter in each row are significantly different according to Duncan's multiple range tests (5%)
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Introduction

Legumes are one of the most important sources of protein in the diet of many people in developing
countries and are the second largest source of human food. Chickpea (Cicer arietinum L.) ranks 2" in
cultivated area of legumes in the world. Low chickpea performance in Iran with respect to environmental
conditions and inaccessibility to adequate water and appropriate genotype and little breeding works has been
done on it. Since the main components of genetic and environmental factors that determine the yield and
guality of plants, the main purpose of the selection of breeding indices, should focus more on the effects of
genetic factors. Genetic diversity in chick pea collection can be used in breeding program for selection of
genotype with desirable agronomic traits. Studying relationships between agronomic traits would assist
breeders to identify the effective traits and use proper selection intensity in their breeding programs.

Material & Methods

In order to evaluate the genetic diversity and identify relationships between vyield with other
morphological traits, in chickpeas genotype, 28 Kabuli genotypes with two controls i.e. Jam and Kourosh,
under non-stress and terminal drought stress condition, an experiment was carried out in a complete block
design with three replications on research farm of University of Tehran in 2013.

Results & Discussion

For most of the traits, results showed that there were significant differences among genotypes which
revealed genetic variation among them. The results of phenotypic correlation under non-stress condition
showed that seed yield per plant had significant and positive correlation with seed and pod weight per plant,
number of seeds per plant and 100 seed weight. Results under drought stress condition showed that seed
yield per plant with seed and pod weight and number of seeds per plant had significant and positive
correlation at 1% probability level. According to the results of phenotypic correlations, stepwise regression,
path analysis in both conditions (non-stress and with terminal stress), it could be concluded that, the traits
such as seed and pod weight per plant, 100-seed weight, and number of seeds per plant were most important
and effective traits affecting yield and considering that among the genotypes. Since most variation was
observed among genotypes for these traits, therefore selecting and breeding for them could be ideal for
improving yield. Based on factor analysis under the non-stress condition, the three factors were selected that
explained 69.3 percent of the total variations. The first, second, and third factors were explained 30.32, 26.78
and 12.28 percent of the variations, respectively. The second factor that included five traits (seed and pod
weights per plant, number of seeds per plant, seed yield per plant and number of seed per pod) was
introduced as the components of yield. Under the terminal drought stress condition, four factors selected that
totally were explained 89.6 percent of the variations. The first, second, third and fourth factors were
explained as 44.86, 23.43, 11.82 and 9.56 percent of the variations, respectively. In these conditions also, the
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second factor that included four traits (seed and pod weights per plant, number of seeds per plant and seed
yield per plant) was introduced as components of yield. Therefore, these two factors used to identify
genotypes with high yield and yield components, in non-stress condition the genotypes 22,474,239,370 and
control genotype Jam (No. 998), and in stress condition the genotypes 508,236 with two control genotypes
Jam (No. 998) and Kourosh (No, 999) were selected as high yield and component yield genotypes.
According to the results of cluster analysis based on the square Euclidian distance and Ward method, under
non-drought stress condition the genotypes classified in 3 clusters. The genotypes of second cluster had high
yield comparing with the other clusters and total genotypes average. According to the results of cluster
analysis under drought stress condition, the genotypes classified in 4 clusters that the genotypes of third
cluster, in seed and pod weights per plant, number of seeds per plant, seed yield per plant and number of seed
per pod traits had the highest average comparing with other clusters and total genotypes average. According
to the result of cluster analysis, the genotypes in third cluster with two control genotypes (Jam and Kourosh)
could be use for produce hybrids and getting yield hybrids.

Conclusion
According to the results, the studied chickpea germplasm, are valuable resources, in addition to possess
new traits provide high diversity for breeders to improve of the new varieties.

Key words: Cluster analysis, Factor analysis, Morphological traits, Path-analysis
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