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Table 1. Weather conditions of Saral station during
years of the experiment conduction

Temperature (°C) Precipitation
Year Min Max (mm)
2001-2 -16.05 36.66 305.11
2002-3 -20.41 30.18 352.80
2003-4 -18.22 32.80 280.49
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Table 2. List of experimental chickpea lines

Line

Pedigree

aooo\losm.bwmpag

10 Urmia-10
11 Urmia-11
12 Urmia-12
13 Check (Djam)
14 Local check

Urmia-01 (S 00787* FLIP 98-28C)* ILC 1929
Urmia-02 (S 00791* FLIP 98-23C)* ICCV2
Urmia-03 FLIP 98-131C* FLIP 99-47C
Urmia-04 FLIP 97-195C* FLIP 97-23C
Urmia-05 FLIP 98-128C* FLIP 97-102C
Urmia-06 FLIP 97-220C* FLIP 98-178C
Urmia-07 FLIP 98-131C* FLIP 98-50C
Urmia-08 FLIP 97-220C* FLIP 98-178C
Urmia-09 FLIP 98-130C* Lebanese market
(FLIP 97-81C* FLIP 97-25C)*ICCV2
(FLIP 97-149C* FLIP 97-26C)* ICCV2
(FLIP 98-28C* FLIP 98-22C)* ICCV2
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Table 3. Analysis and estimation of variance components

Sources of variation Degree of freedom  Expected mean square

Genotype (M,)
Genotype x Year (M,)
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Table 4. Analysis of variance and mean of characteristics in 14 chickpea lines and varieties at autumn sowing
conditions in Kurdistan (2001-04)

Traits PHT BYLD 100SW SYLD
Genotypes DF DM (cm) PBN SBN PPLT SPOD SPLT koha) (@) (kg/ha)
Urmia-01 207.00 256.42 2275 6.92 1575 10.88 0095 20.83 16249 39.25 1034.7
Urmia-02 206.42 256.33 1945 6.17 14.33 1270 097 1717 13712 37.31 584.2
Urmia-03 206.67 254.83 2283 6.42 1350 11.15 095 1833 1591.5 39.11 746.3
Urmia-04 205.08 25433 2330 642 1425 1250 095 1225 17291 36.95 11718
Urmia-05 207.00 25725 2113 6.04 1375 1078 0095 1830 15084 38.35 625.2
Urmia-06 206.92 25575 21.82 6.92 1475 1068 094 2050 16951 38.71 912.0
Urmia-07 206.67 256.17 20.60 6.66 15.33 1142 0.89 20.00 1710.0 37.82 928.6
Urmia-08 205.42 25592 2227 6.25 14.08 1090 091 2067 16822 40.91 977.3
Urmia-09 206.00 255.33 21.10 6.67 13.92 1030 0.89 21.83 1542.8 39.19 796.9
Urmia-10 20517 255.33 2232 517 1375 1287 100 17.92 17235 37.11 744.1
Urmia-11 20517 25250 2048 6.33 13.92 1243 096 2217 17203 38.62 13476
Urmia-12 206.58 256.25 21.20 6.25 15.08 9.10 0.86 2042 1527.3 41.73 920.6
Djam 205.00 25542 17.83 750 1450 1253 096 19.92 2021.3 3461 13723
Local check 207.75 25550 20.33 7.00 1542 1253 095 2458 17056 4048  1044.3
LSD s 1.68 1.06 172 151 218 312 0.07 496 36251 175 302.86
Mean Square of: Genotype (13) © 29.51™ 15427 26.08™ 3.43 9.64 1529 0.02” 4537 269950 39.63" 693401
GenotypexYear (26) 10177 696" 727" 253 6.69 1493 001 3142 112174 966" 142706

Error (117) 4.31 1.72 454 248 725 9.89 0.01 37.63 91029 4.96 120315
aoy0 ) 50 Jiol mdaw 5o lo gme oy Ay e g %

*and **: Significant at 1 and 5 percent probability levels respectively.
‘_gLaA}L;'} )Lo...‘l} SBN ‘4.:J5| ‘_gLaA}L;"; )La..;"; PBN o &Lm)| PHT ‘u;Jf"") b culs )| 39) )L,..i} DM ‘GQJK b cwls )'l 39) )Lo.:J DF ‘L5°|}] 3_'.>)¢ o+ :LQ)LABI
Al 5 Sloe SYLD ildaus 39 100SW codgicuns ; o ,Slos BYLD gy ;o als Lol SPLT (e )5 ails jlals SPOD gy ;o M Lol PPLT (e g5

Abbreviations: 1= degree of freedom, DF= days to flowering, DM= days to maturity, PHT= plant height, PBN= primary branches number, SBN=
secondary branch number, PPLT= number of plods per plant, SPOD= number of seeds per pod, SPLT = number of seeds per plant, SPLT= number of
seeds per plant, BYLD= biological yield, SYLD= seed yield.
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Table 5. Genetic parameters of seed yield and its contributing traits in chickpea lines at autumn sowing of Kurdistan province

Trait Mean + SE F 02 o5 PCV (%)  GCV (%) h? (%) GA GAn
DF 206.20 +1.47 1.61 1.47 2.46 0.76 0.62 65.54 2.12 1.03
DM 255.52 +0.38 0.70 1.31 1.28 0.44 0.33 54.85 1.28 0.50
PHT 21.24+0.25 1.57 0.68 2.17 6.88 5.84 72.09 2.19 10.22

PBN 6.51+0.25 0.07 0.01 0.29 8.21 4.19 26.07 0.29 4.41

SBN 14.59 +0.24 0.25 -0.14 0.80 6.14 3.39 30.54 0.56 3.86

PPLT 11.49 £0.31 0.03 1.26 1.27 9.82 1.50 2.32 0.05 0.47

SPOD 0.94 20.01 0.001 0.001 0.002 5.15 456 78.26 0.08 8.31
SPLT 20.28 +0.49 1.16 -1.55 3.78 9.59 5.32 30.75 1.23 6.07
BYLD 1653.80 +35.31 13148 5286.25  22495.83 9.07 6.93 58.45 18058  10.91
100SW 38.58 £0.29 2.50 1.24 3.30 471 4.09 75.62 2.83 7.34
SYLD 943.28 +40.81 45891.25  597.68 5778.42 25.73 22.92 79.42 393.27  42.09

Ol po BCV (oigid Ol posS e po PCV ( oigid il s :o‘?, cedeiy x Jlo uilylg :ngye (e85 omb)lg :6!2, Glse gl SE o ,lais
39 )LA.M: :DM “sco.\lf b cwls )‘l 39 )LM :DF « r.il.,.a )l Qo ) > p :S.....:) gAS).M.u GAn « y_iq.b) C,\SJ..M..J GA (PHeE Lg).n.\.\u\.\')j :h? (e 9
e o 4l jled [SPOD i ;o M jlods PPLT ey gili (sloasls Lo SBN caJsl slaasli jlad PBN gy glas )| PHT ¢ S, b s

s 8 ,Slae SYLD ilodus (339 100SW 03 gicum; o ,Shoe BYLD (aigy ;o ails ;Lo SPLT
Abbreviations: SE= Standard error, ¢%= genetic variance, o3,= genotypex year variance, o =phenotypic variance, PCV= phenotypic coefficient of
variation, GCV= genetic coefficient of variation, h? =broad sense heritability, GA= genetic advance, GA,= genetic advance percentage of mean, DF=
days to flowering, DM= days to maturity, PHT= plant height, PBN= primary branches number, SBN= secondary branch number, PPLT= number of

plods per plant, SPOD= number of seeds per pod, SPLT = number of seeds per plant, SPLT= number of seeds per plant, BYLD= biological yield,
SYLD-= seed yield.
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Table 6. Phenotypic (below diagonal) and genetic (above diagonal) correlation coefficients among agronomic
characteristics of 14 genotypes of chickpea at autumn sowing of Kurdistan province

Trait DF DM PHT PBN SBN PPLT SPOD SPLT BYLD 100SW SYLD
DF 0.39 -0.03 0.13 0.04 0.25 0.30 -0.22 0.04 -0.23 -0.31
DM 0.44 -0.02 0.01 0.19 -0.36 -0.17 0.01 -0.34 0.15 -0.54*
PHT -0.05 -0.02 -0.23 -0.41 -0.31 -0.05 -0.55* -0.11 -0.04 0.14
PBN 0.15 0.01 -0.41 0.69** -0.05 -0.18 0.35 0.44 -0.11 0.53*
SBN 0.05 0.25 -0.44 0.74** 0.01 -0.09 0.19 0.46 -0.16 0.44
PPLT 0.26 -0.42 -0.34 -0.08 0.03 0.55* -0.22 -0.39 -0.61* 0.23
SPOD 0.31 -0.25 -0.09 -0.22 -0.15 0.79** -0.22 0.16 -0.55* 0.02
SPLT -0.23 0.01 -0.56* 0.37 0.31 -0.24 -0.27 0.06 0.45 0.12
BYLD 0.07 -0.37 -0.19 0.44 051 -0.39 0.21 0.09 -0.45 0.68**
100SW -0.36 0.15 -0.07 -0.12 -0.20 -0.65**  -0.58* 0.48 -0.47 -0.17
SYLD -0.35 -0.59* -0.20 0.54* 0.52* 0.26 0.02 0.18 0.79** -0.21

*and **: Significant at 1 and 5 percent probability levels respectively
PPLT a5 sboaslis jlais SBN sl sloasls jlois PBN gy glas | PHT o Soww, b cudlS 3l 55, Jlois DM ¢ 2al8 b clS 5l 55, Loty DF il lazs|

als 8 Sloe SYLD wiloss (439 100SW 0 gicams ) 8 Shoe BYLD gy ;8 4ils jleuis SPLT e j0 il Jlas SPOD gy ,0 M Jlas
Abbreviations: DF= days to flowering, DM= days to maturity, PHT= plant height, PBN= primary branches number, SBN= secondary branch number,

PPLT= number of plods per plant, SPOD= number of seeds per pod, SPLT = number of seeds per plant, SPLT= number of seeds per plant, BYLD=
biological yield, SYLD= seed yield.
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Table 7. Direct and indirect effects of 10 characteristics on seed yield of chickpea genotypes

Trait Direct Indirect effects via
Effect DF DM PHT PBN SBN PPLT SPOD SPLT BYLD 100SW

DF 0.28 0.44 0.92 -0.86 -0.66 0.83 -0.31 -0.58 -1.14 0.78
DM -1.46 12 0.06 -0.56 -0.09 1.09 0.15 0.14 -0.88 0.89
PHT -1.07 -0.24 -0.46 1.01 0.79 0.11 -0.38 -0.43 0.54 0.27
PBN 1.14 -0.08 -0.19 -0.33 -0.29 0.9 -0.13 0.54 0.17 -0.39
SBN 0.14 0.17 -0.03 -0.40 0.51 -0.23 0.25 -0.12 0.38 -0.24
PPLT 0.49 -0.14 -0.09 -0.34 0.17 0.14 -0.41 -0.22 0.16 0.46
SPOD 0.13 -0.08 -0.17 0.16 0.23 0.05 0.19 -0.14 -0.24 -0.11
SPLT 0.99 0.01 0.08 -0.67 -0.39 -0.22 0.21 -0.23 0.07 0.26
BYLD 1.64 -0.11 -0.14 -0.09 -0.07 -0.99 0.19 0.22 0.15 -0.13
100SW 1.09 0.80 0.21 051 -0.42 -0.41 -1.00 -0.57 -0.48 0.11

Residual =0.183

IVAY = ousle il
PPLT a6 sboaslis jlais SBN sl sloasls jlois PBN igy gl | PHT o Soww, b cudlS 3l 55, Jlois DM ¢ 2al8 b cllS” 5l 55, Loty DF il lazs|
ails  Sloe SYLD ailsas (459 100SW codgicns 3 8 Shos BYLD cigy ;5 ails jlods SPLT «8le ;o ails ;Lo SPOD gy jo e Lo

Abbreviations: DF= days to flowering, DM= days to maturity, PHT= plant height, PBN= primary branches number, SBN= secondary branch number,
PPLT= number of plods per plant, SPOD= number of seeds per pod, SPLT = number of seeds per plant, SPLT= number of seeds per plant, BYLD=

biological yield, SYLD= seed yield.
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ABSTRACT

The present investigation was carried out to study the variability, heritability, correlations and path
coefficient analysis in 14 Kabuli type chickpea genotypes during three successive cropping seasons
(2011-14), in a randomized complete block design with four replications. Combined analysis suggested
significant differences between genotypes for most of characteristics. The highest phenotypic coefficients
of variation (PCV) were obtained for seed yield, number of pods per plant, and number of seeds per plant,
respectively. Furthermore, the highest genotypic coefficients of variation (GCV) were determined for
seed yield, biomass yield and plant height, respectively. These results revealed that these traits could be
improved via selection. High heritability coupled with high genetic advance as percentage of mean was
observed for seed yield, number of seeds per pod and 100 seeds weight showed that phenotypic selection
for these traits might be effective. Seed yield had positive and significant correlations with biomass yield
and number of primary branches, thus selection for these traits could improve seed yield in chickpea.
Number of seeds per plant, followed by number of primary branches, 100 seeds weight and biomass yield
had positive high direct effects on seed yield. Meanwhile, number of primary branches, number of
secondary branches and number of days to flowering could be used as an indirect selection criterion for
higher seed yield.

Keywords: Chickpea, correlations, genetic gain, heritability, path analysis.
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