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Assessment of Genetic Diversity and Heritability of Agro-morphological Traits in
Chickpea Promising Lines under Normal Moisture Conditions
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Table 1: The characters of the used genotypes

First component

g5 0 wSg5 el G5 ojleds g 0 w595 pb gy ojleds
Gen. pedigree Gen. name Gen. number Gen. pedigree Gen. name Gen. number
ICCV92311 x ICC17109 ICCV10314 11 ICCV2 x ICC17109 ICCV10302 1
ICCV92311 x ICC17109 ICCV10315 12 ICCV2 x ICC17109 ICCV10303 2
ICCC37 x ICC12451 Jam (Check) 13 ICCV2 x ICC17109 ICCV10304 3
ICCC37 x ICC12451 ICCV10105 14 ICCV2 x ICC17109 ICCV10305 4
ICCC37 x ICC12451 ICCV10111 15 ICCV92311 x ICC17109 ICCV10307 5
ICCC37 x ICC12451 ICCV10112 16 ICCV92311 x ICC17109 ICCV10308 6
ICCC37 x ICC12451 ICCV10114 17 ICCV92311 x ICC17109 ICCV10309 7
ICCC37 x ICC12451 ICCV10115 18 ICCV92311 x ICC17109 ICCV10310 8
ICCV93954 x ICC11321 ICCV10117 19 ICCV92311 x ICC17109 ICCV10311 9
ICCV93954 x ICC11321 Pirouz (Check ) 20 ICCV92311 x ICC17109 ICCV10312 10
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Fig. 1: Bi-plot graph of 20 chickpea genotypes and 13 traits
g 50 % slaas (NMB) Lol slaasls slows (NSB) e slaasls slaas (RWC) Ol s (slgima 1 jloges ol lais o
(GY) 4l 5,Slas «(B) oogiceny j «(HI) clilsyy (sl (HKW) ailoss (59 «(PH) a5gy £las )| (PNP) asgy ,o BMé slaws «(SNP)
(DTS0F) 255 70+ b 35, (DTS0P) 253 7.0+ U 59, (DTM) 56090 508 (S, U 59,

*: The abbreviations of the graph : Relative Water Content (RWC), Number of Sub-Branches (NSB), Number of Main-
Branches (NMB), Seed Number per Plant (SNP), Pod Number per Plant (PNP), Plant Height (PH), 100- Kernel Weight
(HKW), : Harvest Index (HI) and harvest index (HI), : Biomass (B), Grain Yield (GY), Days to physiologic Maturity
(DTM), : Days to 50 % Podding (DT50P) and Day to 50 % Flowering (DT50F)
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Fig. 2: Bi-plot graph of factors analysis in 20 chickpea genotypes and 13 traits
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*: The abbreviations of the graph : Relative Water Content (RWC), Number of Sub-Branches (NSB), Number of Main-
Branches (NMB), Seed Number per Plant (SNP), Pod Number per Plant (PNP), Plant Height (PH), 100- Kernel Weight
(HKW), : Harvest Index (HI) and harvest index (HI), : Biomass (B), Grain Yield (GY), Days to physiologic Maturity

(DTM), : Days to 50 % Podding (DT50P) and Day to 50 % Flowering (DT50F)
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Fig. 3: Grouping of chickpea genotypes using Ward’s method and Pearson’s matrix distance
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Table 2: Results of analysis of variance for different traits
Slayo 5eSilee
Mean of squares
aloas o9 Wgelas )| g o B olaws gy ,d olass ol sloasLs slass P sbasls olass s o (glgie &9yl ax o JOVE Iy VO
100-kernel weight Plant height Number of pod per plant  Number of seed per plant  Number of main branches ~ Number of sub-branches  Relative water content df Source of variation
1.05" 10.38"™ 16.87" 40.30* 0.52m 1.13™ 13.61™ 2 S'sh
Block
264.53" 14.83° 28.35% 28.72° 1.04* 9.69% 28.03" 19 S5
Genotype
Uas
3.22 8.04 11.99 12.36 0.56 5.02 15.02 38
Error
543 11.34 13.28 13.30 20.03 15.88 125 Syl o 2
Coefficient of variation
Wiboo 10 Jlaizl mhas ;o (1350 )0 gixe 5 jlo cixe BT pae SLis oy i g NS
ns and *: Indicate not significant and significant at 5% of probability level respectively

alizee Slao gl il lg 4o Y Jga aslol
Table 2 Continued: Results of analysis of variance for different traits
Slayo 5eSiles
Mean of square
35 o0 b g, e 0. b 34, S99 508 (S, U 59, &lo o ,Slos 03¢5 Cannas cubls p sl ‘_gol)"l a0 JUOES I Ve
Days to 50% flowering Days to 50% podding Days to physiological maturity Grain yield Biomass Harvest index df Source of variation
1.85™ 4.85™ 9.01™ 85.40™ 762.01% 7.17™ 2 Sok
Block
252* 3.45° 2.59* 136.01°* 421.60* 24.31° 19 w5
Genotype
1.25 1.74 1.33 50.11 186.84 12.76 38 >
Error
2.10 1.97 1.26 7.0 6.51 7.45 S indnated
Coefficient of variation
ablb oo 1) 9 70 Jliml w10 0e lo cse lo e BB pus [ Slis ol ey o g % NS
ns, ** and *: Indicate not significant, significant at 5% and 1% probability level respectively
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Table 3: Results of means comparison for different traits

S B olass Sy olaws i . i . _
lodus Q}ﬁ 4_-;% 8‘“’)‘ 2 T LngbLL slows LgL:z:bL.a Slows _‘,l . . 6‘ - o
100-kernel Plant 2 Bes el 3t Relative water ng"of;l ;e
weight height Pod number per Number of Main- branches no.  Sub-branches no. content
plant seed per plant
38.665¢ 23.3348¢ 23.338¢ 25.33A8¢D 3.335¢ 11.73¢ 27.6675¢ 1
40.66"8 25.1378C 29.26"8 3078 3.8078¢ 15.1378C 33.33ABC 2
4278 25.6678¢ 3078 29.86" 4.2078¢ 1748 31.6678¢ 3
41.66°8 23.73%8¢ 26.46"5¢ 25.46"8¢P 3.6685¢ 13.065¢ 3218C 4
408 22.265¢ 20.26° 20.66° 2.80°¢ 11¢ 34.33A 5
41.66°8 25.1348¢ 25.4078¢ 26.7348¢P 3¢ 14.2048¢ 34.33A 6
36¢ 20.93¢ 27.8078 28.0678¢ 3.6085¢ 14.7348¢ 25.66¢ 7
42337 28.20" 20.66° 20.20° 2.80°¢ 12¢ 2978C 8
41.33%8 20.46¢ 24.468¢ 22.60°P 3.6085¢ 13.4048¢ 32.3348¢ 9
39.33%8 26.80" 25R8C 25ABCD 3.6685¢ 13.7348¢ 32.3348¢ 10
40.3378 27.66"8 29.6078 29.8078 4ABC 14.8078¢ 33.66"8 11
4178 27.73°8 25.06"8¢ 25.26"8¢P 3.9378C 12.738¢ 35.33A 12
23P 27.60°8 24,138 24.208¢P 3.738C 12.865¢ 30.337B¢ 13
19.33F 25.8078¢ 31.80% 31.80% 4.66"B 17.604 32.6678¢ 14
22.665P 23.661BC¢ 248¢ 25,73ABCD 3.208¢ 13.7378C 28.33ABC 15
23.66° 24,737BC 27.8078 27.73RBC 4,1378C 15.3378C 34.66" 16
21FP 23.86"BC¢ 27.0678 27.86°B¢ 5.20~ 16.86" 32A8C 17
228D 25.661B¢ 248¢ 24.86"BCP 3.338C 12.26° 26.338C 18
22.665P 24,5378 28.13%8 28.407BC 4.1378C 15.0618¢ 26.338C 19
21.665P 27.33°8 27.66"8 2918C 3.9378¢ 14.80"8C¢ 28.33ABC 20
Abl oo Ll ce Dol pas e 4y gt 0 50 dlie By > b sl 1Sl
Means followed by the same letters in each column are not significantly different (P<0.05
y g y
Galises Slao 6l bl anslie mls ¥ Jgox adlsl
Table 3 continued: Results of means comparison for different traits
235 20,000 By, (P o 00 b, Sglgd (S, b g, wlosShee o3gicum;  Culbp el oSy
Days to 50 % flowering Days to 50% podding Days to physiological maturity ~ Grain yield Biomass Harvest index  Genotype
53ABCD 66.6645¢P 92h8 90.66° 206.645¢ 43.89° 1
53.33ABCD GGCD 91ABCD 103.6ABCD 217.3ABC 47.60ABCD 2
51.66°P° 64.66° 92.66% 10978 215.6"B¢ 50.57ABCD 3
5418 68.66"5 908BcP 99.33BC0E 210.348¢ 47.2778CP 4
53.66"EC 67.6678¢C 91.6678C 87.66F 200.648¢ 44° 5
53.33ABCD 67/8C0 92.66% QQBCDE 219.6"8 44.97¢P 6
53ABCD 66.66"BCP 91ABCD 103.3A8CD 222.3°8 46.4548¢P 7
5448 67.667BC 89.33° 94CPE 202.378C 46.64°8C0 8
53ABCD 66.66"BCP 91.33ABCD 98.33BC0E 216.6B¢ 45,34¢P 9
528¢P 66°° 89.66°P Q7BCDE 1978¢ 49.21A8CD 10
53.66°8C 6gABC 90.6618CP 101.618¢P 198.38¢ 52.924 11
54.66 69” 91A8CD 96.665CPE 21978C 48.0148¢P 12
53.6675¢ 67/8CD 91ABCD 96BCPE 214.6"8¢ 44.89°P 13
528C0 66.338C0 9248 114.67 221.6"8 52.4978 14
52.66ABCD 67ABCD goBCD 96.6GBCDE 203ABC 45.75ABCD 15
51.33° 65.66°P 908BcP 107.378¢ 227.3~ 47.19A8¢P 16
53ABCD 66.33BCD 91ABCD 109AB 216ABC 50.52ABCD 17
53ABCD 65.66°P 90.66ABCP 91.33PE 200.3AB¢ 45,6480 18
52.338¢P 66°° 91.66"5¢ 99.33BC0E 192.3¢ 51.6478¢ 19
54.66" 67.6678C 91.23ABCD 101.3ABCPE 1978¢ 51.46"EC 20

Wbl oo )logine Dglis pas (dme 4 gty )3 i B9 b slaSils
Means followed by the same letters in each column are not significantly different (P<0.05)
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Table 4: Estimation of GCV, PCV, and broad sense heritability for different traits

5955 il )| 598 il . Ol s o po Ol ydS o p2 )
‘5‘;:” ;’N."” ‘5’;;5& tw’ T (ae)d) eges il L . Slaw
enotypic enotypic Broad sense heritability (%) (22)0) (g™ (32,9) (o355 Traits
variance variance PCV (%) GCV (%)
23.01 38.06 60.46 19.85 15.43 s 2l Sl
Relative water content
8.01 13.03 61.49 25.60 20.08 =2 laasls slas
Number of sub-branches
0.86 142 60.65 31.89 24.84 shol slaazls slass
Number of main branches
24.6 36.96 66.55 23 18.76 Gt 2 ) Sl
Number of seed per plant
24.35 36.34 67 23.12 18.92 Gy o B slass
Number of pod per plant
1215 20.19 60.17 17.96 13.93 Sy 85
Plant height
263.45 266.67 98.80 49.44 49.14 aloso 09
100-kernel weight
20.05 32.81 61.11 11.95 9.34 sl == L
Harvest index
359.32 546.16 65.80 11.13 9.02 035 et
Biomass
119.30 169.41 70.42 13.04 10.94 ails & Slos
Grain yield
2.14 3.47 61.74 2.04 1.60 Sa38lg 5 (S U 59,
Days to physiologic maturity
2.87 4.61 62.25 3.21 2.53 PO o2 B 5,
Days to 50% podding
2.10 3.35 62.72 3.44 2.73 ®OS aoy2 B0 b 5,

Days to 50% flowering

ondyye Slio g ol slaadss 0509 )10 :0 Jguor
Table 5: Eigen-vector of principal components and the studied traits

el )| 50 e slass BRPRURIR; SloasLs slows Sloasls oloss e (Slgiome BURWSRS
PHARWER 3 . ) . T . loaals
100-kernel ~ *% Uy s k! A <! J5 iy 5
weight Plant Number of Number of ~ Number of main-  Number of sub- Relative Variance Components
height pod per plant  seed per plant branches branches water content proportion
-0.174 0.031 0.386 0.376 0.356 0.405 0.048 44.6 1
0.069 -0.542 -0.072 -0.083 -0.127 0 -0.056 14.7 2
0.443 -0.005 0.082 0.009 0.029 0.030 0.608 13.9 3
ey Oyee Dlas g Lol slbadie o5 o 0 Jgum asldl
Table 5 continued: Eigen-vector of principal components and the studied traits
oy B0 b 5, 5%y B 595 RS
oy arls e S as,0 00 b, e RN oo Slae 0085 JS el s adlse
Harvest index ~ Days to 50% flowering Days to 50% Days to physiologic Grain yield Biomass Variance Components
podding maturity proportion
0.308 -0.226 -0.219 0.128 0.390 0.153 44.6 1
-0.412 -0.409 -0.383 0.268 0 0.339 14.7 2
-0.097 0.226 0.341 0.150 0.148 0.452 13.9 3
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Table 6: Factor analysis using Equamax rotation for different traits

5 ,dy ol PO IVESS 539 50 A slaws glaasll slaws SlaasLls olows
i g gl H o 52518
Gy ol awloss Blant Gy Lol e oy deys leygSs
Number of seed Relative 100-kernel height Number of Number of Number of sub-  Variance (%)  Factors
per plant water content weight pod per plant  main- branches branches
0.886 0.118 -0.351 0.364 0.888 0.808 0.846 36.8 1
0.231 -0.239 -0.457 -0.341 0.243 0.298 0.430 19.4 2
0.037 0.830 0.428 -0.099 0.163 0.163 0.199 13.8 3
-0.224 0.127 -0.196 0.587 -0.189 0.056 -0.115 10.9 4
iz Slao gl Ko 2551 (i3 ,2 b o Jole 4y 4y 3208 ol 2 Jgo PR
Table 6 Continued: Factor analysis using Equamax rotation for different traits
Qo0 B b, Qo0 B b, ) o )
s s N Sl S U s Shee 009 Cans)y  cdlop asls b lyas,s la,eSl
® ® Days to physiologic Grain vield . ind . 0
Days to 50% Days to 50% maturity rain yie Biomass Harvest index Variance (%)  Factors
flowering podding
-0.126 -0.162 0.263 0.799 0.093 0.906 36.8 1
-0.897 -0.846 -0.054 0.393 0.278 0.017 19.4 2
-0.102 0.126 0.021 0.378 0.792 -0.155 13.8 3
0.074 0.187 -0.869 -0.045 -0.250 0.223 10.9 4
9955 gy Vo sl sladss 4o iV Jour
Table 7: Cluster analysis for 20 chickpea genotypes
el adsg> po adg> p9d ads> Jsl ang> olis
Cluster4 Cluster3 Cluster2 Clusterl Traits
29.44 32.75 29.26 31.87 s 2l Sl
Relative water content
14.88 16.70 12.92 13.25 P slrasls ol
Number of sub-branches
4.02 455 334 3.46 shel slaasls slass
Number of main branches
24 31 29 25.51 B2 53 s Sss
Number of seed per plant
28.46 29.16 23.44 25.25 By > S olus
Number of pod per plant
2651 25 26.37 2359 6 i)
Plant height
28.22 26.50 29.86 40.12 alose o9
100-kernel weight
52.01 50.19 46.82 45.94 e
Harvest index
195.88 220.16 203.46 214.08 035 et
Biomass
100.77 110 95 97.33 als 3,8ee
Grain yield
91.32 91.41 90.13 91.33 S39l3508 (T U 59,
Days to physiologic maturity
67.22 65.75 66.66 67.37 (BB 22,3 B: L5,
Days to 50% podding
53.55 52 53.06 53.50 (235 32,3 B B3,

Days to 50 % flowering
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Table 8: The matrix distances of clusters in 20 chickpea genotypes

4 3 2 1 Ay o)led
Cluster number
23.70 21.25 15.70 0 1
13.32 24.92 0 15.70 2
26.50 0 24.92 21.25 3
0 26.5 13.32 23.70 4

9955 igy Vo sl (s &b 4 mls A Jsox
Table 9: Result of decimation function analysis for 20 chickpea genotypes

abg o (gl ol (i slasl

F Predicted group membership 49> 0yl
Total Number of cluster
4 3 2 1
8 0 0 0 8 1
5 0 0 5 0 Slows 2
4 0 4 0 0 Count 3
3 3 0 0 0 4
100 0 0 0 100 1
100 0 0 100 0 RV 2
100 0 100 0 0 Percent 3
100 100 0 0 0 4
2,5 oolawl wls o Slee li8l Cipr puiinn e Sl PIRLERS
b ooy (ot ole 428 9 loadlie 4jo0 il b anlllas booadssl o o B £ «8izd ol @l olol s
390 ¥ g W AF o)leds (slagy¥ Julds ails o Sloe o ol bl Sls ol 45w osalive Slas ales a5l ons
A8 S 18 Dime 05,8 o 0 o ladgs a0 oS als o Slas opgds wilize Slao S Glp bowss)
Wy yd e olasd Wiy p3 (0,8 a3 slaw Slho (rires Sk sl lsas 55 Glais,ge Olae oy adl e
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Assessment of Genetic Diversity and Heritability of Agro-morphological Traits in
Chickpea Promising Lines under Normal Moisture Conditions

Moosavi'”, S. S., Abdolahi?, M. R., Ghanbari®, F.and Kanouni*, H.
Abstract

High diversity and selection are base of each breeding program. The objectives of this research were assessing genetic
diversity and clustering chickpea lines, estimating heritability and identification of the related traits to grain yield. The
experiment carried out based on RCBD with three replications during 2012-13 growing season. The genotypes showed
significant difference (p<0.05) for all traits and they distributed in four areas of bi-plot. The above results indicate that
the lines had high genetic diversity. The broad sense heritability of traits varied from 60.17, for plant height, to 94.80,
for 100-kernel weight. Three first main components recognized as "yield and yield component”, “plant growth or vigor
component “and "water retain component” respectively and explained 73.3 percent of total data variance. The four main
factors were respectively named as "yield and yield components factor", "increasing generative period factor”, "water
retain factor” and "increasing growing period factor”. Above-mentioned factors explained 80.90 percent of total data
variance. Cluster analysis grouped the lines in four clusters and discrimination function analysis confirmed the cluster
analysis results. The lines of first and third clusters, had minimum and maximum yield and yield components

respectively. Therefore, crossing between first and there clusters can be useful for creating new divers genotypes.

Keywords: Discriminate faction analysis, Cluster analysis, Factor analysis, Principal component analysis, Yield
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