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Table 3. Average of rainfall and temperature in
2010-11 growing season
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Average of Total rainfall Month

temperature (C°) (mm)

8.9 24 March ;5,48
14.8 29.1 April cuzgus)
19.7 34.1 Maysls >
23.2 37.2 June .5
24.9 37.9 July sls
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Table 4. Descriptive statistics of different traits in 19 chickpea lines

(1) s o o b Ot P Ot S o

CV% men Maximum Minimum Trait
12.98 30.08 33.60 27.06 (ail) 5 £l

Plant height (centimeters)
33.11 437 5.9 2.93 By > 4l sl

Number of branches per plant

37.05 26.79 40.80 16.40 By > Seslass

Number of pod per plant
22.03 19.48 22.39 15.33 By 53 o Sl

Number of seeds per plant
13.94 0.97 11 0.79 oy sl

Number of seeds per pod

Yy wls Voo o3
10.69 32.02 36.04 28.69 (7)o ) O
100- seeds weight (gr)
24.11 205.74 250.49 155.01 (#25) &ym o o ol 9 Khos
Seed yield per square meter (gr)
33.63 476.52 751.46 345.33 B e S 3 05
Biomass per square meters (gr)

42.17 45.34 73.18 26.35 (22,3) Sl pazls

Harvest index (percent)
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Fig. 1- Bi-plot of first and second components of plant height (PH), branch number per plant (BNPP), pod number per plant
(PNPP), seed number per plant (SNPP), seed number per pod (SNPPO), hundred seed weight (HSW), grain yield per square
meter (GYPMS), biological yield per square meter (BYPMS) and harvest index (HI) in 19 chickpea lines
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Table 5. Eigen- vectors of the first, second and third components in 19 chickpea lines

Py 45 o adlge Jol adlze o
Third component Second component First component Traits
S glas )
-0.309 -0.381 0.195 © &5
Plant height
-0.597 -0.009 -0.204 Byt 3 4L oo
Number of branches per plant
0.175 -0.062 0.524 Sy 55 SMlslass
Number of pod per plant
-0.411 -0.433 0177 Wgr H0 ,dy olasy
Number of seeds per plant
-0.206 0.312 -0.200 e Ho 0 olass
Number of seeds per pod
0.344 0.141 0.339 W B
100-seeds weight
-0.204 0.012 0.551 Bt e o &l oSl
Seed yield per square meter
0.226 -0.584 -0.019 B e o)
Biomass in square meters
-0.308 0.453 0.394 A

Harvest index
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Table 6. Eigen- values and cumulative variance of the first, second and third components in 19 chickpea lines

pow adlgo pgo adlge Jgl adlge
Third component Second component First component
1.69 2.03 2.47 Sy polae
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Fig. 2- Bi-plot of first and second factors of plant height (PH), branch number per plant (BNPP), pod number per plant (PNPP),
seed number per plant (SNPP), seed number per pod (SNPPO), hundred seed weight (HSW), grain yield per square meter
(GYPMYS), biological yield per square meter (BYPMS) and harvest index (HI) in 19 chickpea lines

0955 (RY V4 53 pgww 9 p90 (Jgl Jole 0329 SLayl0 2 -V Jgur
Table 7. Eigen- vectors of the first, second and third factor in 19 chickpea lines

Jole pg P90 Jole Jol Jele o
Third factor Second factor First factor Trait
-0.737 -0.087 0.003 iz €15
Plant height
-0.334 0.254 073 gt 3 45 sl
Number of branches per plant
-0.298 0.151 0.792 st 3 Sleslass
Number of units per plant
-0.853 -0.088 -0.100 452 2 o Shasd
Number of seeds per plant
0.268 0.348 -0.419 S o s slass
Number of seeds per pod
0.157 0.143 0.694 G o
Weight 100 seeds
-0.550 0.497 0.520 Gyn a2 oo 2 5lec
Seed yield per square meter
-0.345 -0.796 0.169 Gt 52 005
Biomass in square meters
-0.113 0.954 0.235 ey el

Harvest index
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Table 8. Eigen- values and cumulative variance of the first, second and third factors in 19 chickpea lines

pow Jole p9s Jole Jol Jole
Third factor Second factor First factor
2 201 2.19 o polie
Eigen-values
68.8 46.6 242 (9 gmazd by

Cumulative variance (%)

3 Sk 4 ie,S aul ) Soes mls e
oeskhe Glea VY caiss me laidl b s
Qo (59 edigs ;0 BME olawy ls o Sloe Slaw g (Y
Sl Cgllas Slas flgeas clloy asls 5 &lo
,» Mohammadi et al. (2002)  jiegh o ook
0528 S8 L paiS (oo sla Y (SESS (o2
780 5,5 s s L UPGMA b, 4 (sladss
G5 3 |y (e 3590 S (89,5 (49,0 Caled
Jeena and Arora ) ;50 caegh yo .dsls 1,8 69,8
3555 3 (g kel 0 piioniz (slo g, (smy 40 (2002
o ile Sl oalatul L) gladiss a5 5l (ashe jobo 4
a5 axals bl s ws,8 solitul (LeegYlale salols
JJs 4y (ICCL85319 4 ICC1452) laccisss 5 b5 oo
oy x5S0 @lp by Sy galols il
la B gloasly )3 g9 Cuitie o] S
4355 oy, Jomova et al. (2005) .aigds oolazul
dges BV &5 Wo S )18 0g50 slaongs (gladgs
09,5 4w ;> WARD i, elul p oialejl
Jsuz) paceis mlb 4 mls ol gunadss
S jsbar |y ladss o (ganes S mli w2 (V)
plsl o9y o9 llae il (21 45 8,5 4l 0o o
o le Ogr cenlie o (Ward i)) (sladigs 4525
295 5 Sl (g o pe) ool oolaiul alold
L oy locaiss) sw,» ,o Ahmed Khan (2009)
opiiadiz g opiie S5 (bl slaby, I eolinl

b w5l ladbes e saeg,S aul sy

Pt 23U & 52 g gladgs 4y
oY sladgs ases ol So,ms ip b
36 sl 5 ol B (F JS0) e 4y ez o
plxl gunaier Coro b)) 5 dols sueg,S
C"L"’ A ral.?u‘ gL Al &)L‘ Ly FSKY S 0l
oy Coro 1 (V) Jgux) aeid mb 4w
(¢ JSs) s 0,5 sl | lasys s ) alols>
3 alflas jebay VY o led wollao (Y aS ols olis
abs> )0 w2 A g VA glhasl slacn¥ g p)lea aligs
bty Sis alols & args L a5 035 15yl
solaiwl ST (5,.55 590 slaaaliy o Ll 5l olg5 oo
ool 25590 Al 2 50 e Jolse 5l S
(A Jgo>) zls .(Nematzadeh and Kiyani, 2010)
Slio ggozo ;0 p)loz 5 pgd ade> 45 0g (0l ko
DireS g (YE-IYY) Sy alold o minn llo
alols ol 5l les so aSasinn Thls |, SCsy el )3
Sy sl ladsliy ;o gots obml Cuar (S5
A adgs Sk (Ve Jsoz) mls Geb oy
aS Wog (p<0.05) lo sxe Cglas lils Slaw oS
8ly 5 ol plwl (uneg I (og welhe KL )
Al ez i el T )0 09790 £535 (092
oarls &l de je Wig 0 A slaw wlas
Bloly Slade o i ails o Slae Coled jo 9 cudlo
adss" 1) adss (nl Glgies s Gees a5 ool
slods o5 a5 ol plaxgs BB 4SS ol Mo Shee

PAE sl (Yo lad ool 0,90 s lasme psle doliluad

Y.



Swge darwdew 9 2B soge

oolaiwl b 1) o suineg 8 Como g 050 ,5 oolaiwl og5

GRS 0 0, b asid b 4y 5!
Y Yo gaey,S 4o « Moosavi et al. (2013)

Ward i, 4 gladss a5l paS isual
&b g, L) alols (slaog )5 coro 0o )5 solaiul

o ,S @L.j)l eI o

IVAE 1, 0T 0nl oliee a5 ws,S soliiul awseis
Ray chadhury etal. ) iagh b .ailes,S 5058
aly (K58 0950 pB )l (Se55 Ly (o0 5o (2007
G09S gy )3 098 nj g0 b (Lol adgSgo
Chegamirza et al. &Bla> ols jogh ;o .250,5

Slases 43> 51 (Kanouni et al. (2012) 4 (2011)

LS 0 (59098,90 sleodls () )0 (Gonho 9265

62.16
41.44 . '
o Cut of line 1 2 3 4
£
[4+]
I
a |
20.72 4 |
0.00 4 .: — —
1 2 17 6 8 18 5 15 16 3 4 19 11 7 10 9 13 14 12

Lines number

0955 (Y IR )0 (g Abold u yilo qapo g Ward gy &1 sladigs & 525 pl g 050 -F JSb
Fig. 3- Dendrogram of cluster analysis by Ward method and Pearson’s distance matrix square in 19 lines of chickpea
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Table 9. Matrix of distance between centers of clusters (estimated from standardized variables)

Faiys ¥ abgs Y abgs ) abgs babgs
Cluster 4 Cluster 3 Cluster 2 Cluster 1 Clusters
104.26 58.49 1843 0 \ ks>
Cluster 1

260.32 133.07 0 184.3 ¥ asy>
Cluster 2

130.89 0 133.07 58.49 ¥ adg>
Cluster 3

0 130.89 260.32 104.26 ¥ sy
Cluster 4
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Table 10. Results of mean comparison of cluster for different traits of 19 chickpea lines

Pl Abgs el pgw dligS (il pgd AligS (il Jol abgs (puSilse

Mean of fourth Mean of third Mean of second Mean of first Trait
cluster cluster cluster cluster
27.2b 32.42° 29.96° 29.15° (el 433 1)
Plant height (cm)
4.54% 5.10° 3.60° 4.25® gt g3 4L sl
Number of branches per plant
39.13° 26.26% 31.717° 23.53° Sy 5> ool
Number of pod per plant
20.06 21.97° 20.5° 17.58° By 3 o Sl
Number of seeds per plant
10 0.997° 0.938° 0.978 U 53 s sl
Number of seeds per pod
36.04° 30.8" 32.29° 32.14° (poS) &l Ve 03
100- seeds weight (gr)
250.33 218.95" 221.36" 186.5° (#5) @ae e o il 35hec
Seed yield per square meter (gr)
354.33° 477.93 610.448° 42979 (7)o 0 S
Biomass in square meters (gr)
73.18° 47.740 37.69° 4431 (ho3) Sl gzl

Harvest index (percent)
el SIS g,y A 2oy B e (o badgs Sl )0 I8 P Dl pas pagie 4 ) Ho 50 alie B>
The same letters in each row show not significant difference between the mean clusters at the 5% level by Duncan’s method.
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Table 11. Results of discrimination function analysis for grouping 19 chickpea lines
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Js Preventive groups based on the discrimination function analysis el gloog
Total - B B . Sladig> 4 o
Fogys Yogs Yog,S Vogs Groups of
Group 4 Group 3 Group 2 Group 1 cluster
doyd olass Aoy olaws Aoy olaws KW olass KW olaws analysis
Percent  Number Percent Number Percent Number Percent Number Percent Number
100 9 0 0 0 0 0 0 100 9 1
100 4 0 0 0 0 100 4 0 0 2
100 5 0 0 100 5 0 0 0 0 3
100 1 100 1 0 0 0 0 0 0 4
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Introduction: Chickpea contains a high level of protein and plays very important role in the food security
cycle in the worldwide, especially in the developing countries such as Iran which is one of the most important
Asian countries in terms of chickpea production. Indeed, Iranian chickpea is planted in 33 countries and its
area of cultivation in Iran is approximately 650000 hectare (Ahmed Khan, 2009). Low grain yield is the most
basic problem of chickpea in Iran and plant breeding is a economic and permanent solution for solving this
problem. Genetic diversity, heritability and intensive selection are three effective factors for responding to
selection of traits. As a consequence, multivariate statistical methods are conventional and suitable for
identifying genetic diversity in plant breeding programmes; principal component analysis, factor analysis,
cluster analysis and discriminate function are the most important multivariate methods generally used for
different plants. Many researchers have used multivariate statistical methods in rice (Gholipour and
Mohammad-Salehi, 2003), potato (Rabie et al., 2008), wheat (Zaki Zadeh et al., 2010), chickpea (Jeena and
Arora, 2002), and ldentifying the most effective genotypes and traits in chickpea and assessing the genotype
diversity were the main objectives of the current research.

Materials and methods: In order to assess genetic diversity and identify the most important and effective
traits of grain yield in 19 chickpea genotypes, the current experiment was conducted based on a randomized
complete block design with three replications under well water conditions. The experiment was carried out in
the Bu-Ali Sina University research field growing season and laboratory of Payame Noor University. The traits
of chlorophyll index, plant height, branch number per plant, pod number per plant, seed number per plant, seed
number per pod, 100-kernel weight, economic yield per unit area, biological yield per unit area and harvest
index were measured. After trait measurement, principal component analysis (PCA), factor analysis (FA),
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cluster analysis (CA) and discriminate function analysis (DFA) were carried out in order to reach the aims of
the research.

Results and discussion: The results showed that the maximum coefficient of variation belonged to the traits
of pod number per plant and harvest index, while the trait of 100-kernel weight had the minimum coefficient
of variation. The results of principal component analysis showed that the three first components explained 68.9
percent of the total variance of the traits. The first and second components were known as the “grain yield”
and “harvest index” components, respectively. In addition, factor analysis identified the three factors of “grain
yield, “harvest index” and “plant vigour”. Cluster analysis based on the WARD method grouped the genotypes
into four clusters. Meanwhile, discriminate function analysis confirmed the cluster analysis groups. The results
showed a high genetic diversity among the lines. Lines number 12 and 18 were recognized as generally the
best and the worst genotypes. In addition, the traits of pod number per plant, 100-kernel weight and harvest
index had maximum effect on grain yield, while the trait of branch number per plant had a negative effect on
grain yield in the current research.

Conclusion: According to the results obtained in the research, multivariate statistical methods are suitable and
efficient methods for data reduction and indirect selection of grain yield that could successfully separate the
efficient genotypes and the traits. The main objective was to assess the genetic diversity of 19 chickpea lines
for their application in the new plant breeding programmes. According to the total results, the traits of pod
number per plant were recognized as the most suitable traits for indirect grain yield selection. Line number 12,
as a suitable line, had a maximum amount of the traits of pod number per plant, 100-kernel weight and harvest,
while line number 18 (an unsuitable line) included the maximum amount of the trait of branch number per
plant.

Keywords: Chickpea, Principle component analysis, Factor analysis, Cluster analysis, Discriminate function
analysis.
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