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Abstract

Chickpea is very important legume crop and rich source of proteins. This crop must be explored for variability
and correlation to facilitate the breeders define the selection criteria for planning breeding program. Fifty
diverse chickpea genotypes were evaluated for different yield components. Analysis of variance showed
significant differences in genotypes for all the traits under study. Seed yield per plant had positive and
significant correlation with plant height, days to flowering, number of primary and secondary branches, number
of pods per plant, total biomass per plant and number of seeds per plant. The path-coefficient investigations
showed that pods per plant had maximum direct contribution to seed yield followed by number of primary
branches, number of seeds per pod and total biomass per plant. From present studies, therefore, it may be
concluded that number of pods per plant exerted great influence directly and indirectly on seed yield. The
characters like germination percentage, days to flowering, plant height, number of branches per plant, number
of seeds per plant, total biomass per plant were most important for selecting high yielding genotypes.
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Introduction

Pakistan is an agriculture based country,
hence agriculture is an important component in the
economy of Pakistan because it provides food for
human beings and feed for animals. It also provides
raw material for industries. Among agricultural crops,
pulses play an integral part due to their immense value,
and most important among them is chickpea. As a
member of family Leguminoseae, sub-family
Papillinoidae and tribe Cicereae, chickpea has annual
growth habit. It is the only cultivated species of the
genus Cicer and ranked third among leading world
pulses after dry bean (Pharsalus vulgaris) and pea
(Pisum sativum). It is cultivated in about 33 countries
of Europe, Central and West Asia, Australia, North
and South America, North Africa and Ethiopia
(Mushtaq et al., 2013). In Pakistan, chickpea is the
most essential Rabi grain legume that is mainly
cultivated in rain-fed areas of the country. About 88%
of the total area under chickpea cultivation is covered
by rain-fed region. It was cultivated on an area of 960
thousand hectares with the production of 484 thousand
tones (GOP, 2014-15).

Chickpea is also called as poor man’s meat
because it is less expensive and rich source of protein.
It contains protein 19.5%, carbohydrates 57-60%, fats
1.4%, moisture 4.9-15.59% and ash 4.8% (Ali and
Ahsan, 2012). It is rich source of essential amino acids
like lysine and tryptophan while cereals lack these
amino acids. Its grains are used in salad, ground into
flour and ‘basen’, cooked, roasted, spiced and eaten as
a snack (Al- Rifaee et al., 2007). Generally, chickpea

is divided into two main types i.e., Desi (small, dark
seeded with rough coat and an average seed weight of
170-250 mg); and Kabuli (larger, light colored with
smooth coat and average seed weight of 270-550 mg)
(Siddigue et al., 2002). Its ability to grow on marginal
lands and low input demand especially in case of
irrigation water makes it a good choice for the farming
community of arid zones of the country (Mural and
Karasu, 2007). It is also a very common member of
crop rotations in cropping patterns of dry areas (Al-
Rifaee et al., 2007). Being a leguminous crop, it has
the ability to fix atmospheric nitrogen and improve
soil fertility with low cost of production (Ali et al.,
2008).

Regardless of its economic significance and
dietary values, the production of chickpea in Pakistan
is quite low as compared to other countries. Poor
genetic constitution, excessive vegetative growth, less
disease tolerance and lack of improved varieties are
considered as the main reasons of low average yield
(Saleem et al., 2005). It requires instant attention of
breeders for development of high yielding varieties
which should meet the demand of tremendously
increasing population. Grain vyield is of primary
importance and the most complex trait because it is the
product of interaction of environment and genetic
makeup of the plant (Singh et al., 2014). It is governed
by many other traits directly or indirectly as well. The
purpose of yield improvement is more efficiently
fulfilled on the basis of performance of yield and its
components, and their direct and indirect effects on
yield (Salgotra, 2016). Phenotypic and genotypic
correlations are important to indicate the extent of
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association of different quantitative characters with
economic yield (Atta et al., 2008). The purpose of the
study was to assess the diversity on morphological
basis, to explore the interrelationship of various yield
attributes, and to identify the direct and indirect effects
of different yield components on the yield.

Materials and Methods

The study was carried out in the research area
of the Department of Plant Breeding and Genetics,
University of Agriculture, Faisalabad, during Rabi
season 2013-14. The experimental material was
comprised of 50 chickpea genotypes (Table 1).

Randomized complete block design was used
for the experiment with three replications. Standard
agronomic and cultural practices were applied to the
experiment throughout the growing season. Row-to-
row and plant-to-plant distances were kept 30 cm and
15 cm respectively. Except for days to 50% flowering
and days to maturity, 10 guarded plants from each
entry were tagged to record data on individual plant
basis for the following parameters; germination
percentage (%), plant height (cm), number of primary
branches per plant, number of secondary branches per
plant, total biomass per plant (g), number of pods per
plant, number of seeds per pod, number of seeds per
plant, harvest index, 100 seed weight (g) and seed
yield per plant (g).

The data recorded for various economic traits
were analyzed by standard analysis of variance and
covariance as given by Steel et al. (1997). The
individual comparisons of genotypic means were
accomplished by using Duncan's new Multiple Range
Test (DMR). The mean for each character was
calculated. Variance was partitioned into phenotypic
and genotypic components which were tested for
significance. Phenotypic and genotypic correlation
coefficients were calculated according to the formula
given by Kwon and Torrie (1946). Path coefficient
analysis was performed (Dewey and Lu, 1959) to
assess the direct and indirect effects on yield using
genotypic correlations where association of all the
above traits were calculated by keeping one at a time
as response variable and other contributing traits as
causal variables. Path analysis was obtained by the
simultaneous solution of the following equations.

1. ray= Pay+ raPoy + racPcy + radPdy + raePey + raPry +
lagPgy + ranPhy + raiPiy + rajPjy + rakPey + raPiy

2. Toy= raPay + Poy + rocPoy + rodPdy+ rpePey + roiPry +
IogPgy + ronPhy + roiPiy + rojPjy + rokPky + ToiPly

3. Tey= racPay + rocPoy + Poy + redPdy + reePey + rePry +
IegPgy + rchPhy + reiPiy+  rjPjy + rekPiy + TeilPiy

4. rdy = radPay + rodPby + redPey + Pdy + rdePey + raPry +
rdgPgy + rdhPhy + rdiPiy + rajiPjy + rakPey + raiPiy

5. rey= raePay + ruePby + rcePey + rdePdy + Pey + rePry +
legPgy + renPhyt reiPiy + rejPjy + rekPiy + relPiy
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6. Iy = rafpay + rbfpby + rcfpcy + rddey + refPey + Pfy +
rigPgy + rmPny + reiPiy + riPjy + raPwy + raPiy

7. fgy = ragPay + rbgpby + rchcy + rngey + regpey + rfgpfy
+ Pgy + rghPhy+ rgiPiy + rgiPjy + rgkPky + rgiPly

8. Iy = ranPay + ronPoy + renPey + ranPdy + renPey + rmPry
+ rghPgy + Phy + rhiPiy +  hjPjy + rmkPky + raiPiy

9.  riy= raiPay + roiPby + reiPey + raiPay + reiPey + reiPey +
MiPhy + rgiPgy + Piy + TijPjy + rikPey + rilPly

10. My = rajPay + rbijy + rchcy + rdjpdy + rejPey + rijfy
+ rgiPgyt rmiPry + rijPjy+ Pjy + rikPky + rjiP1y

11. fky = rakpay+ rkaby+ rcchy+ rddey+ rekpey + rfkpfy
+ rokPgyt rhkPhy + rikPiy + rikPjy + Piy + raPly

12. ny= raPay+ roPoy+ rePey+ raiPay+ relPey + raPry
+ IgiPgy*+ miPny + riPiy+ rjPjy+ raPky+ Py

Whereas, ‘r’ was genetic correlation coefficient
and ‘Pay, Pby, Pcy, de, Pey' Pfy’ ngy PhyY P|y and Pjy’ were
standardized partial regression coefficients.

Results and Discussion

Analysis of variance suggested highly
significant differences among genotypes under study
for all the studied traits (germination percentage, plant
height, number of primary branches per plant, number
of secondary branches per plant, total biomass per
plant, number of pods per plant, number of seeds per
pod, number of seeds per plant, harvest index, 100
seed weight and seed yield per plant). Previously
numerous researchers observed the significant genetic
variability for yield and yield components of chickpea
(Aslam et al., 2013 & 2014; Magbool et al., 2015 a &
b). Maximum seed vyield per plant was shown by
genotype 2090 (121.0 g); while minimum was
observed by genotype 7008 (108.0 g). Mean squares
and coefficients of variability for all the traits were
estimated (Table 2 and 3). Low values of coefficient
of variability indicate high reliability of the data
collected. Results of current research were in
accordance with Ali et al. (2010), Gul et al. (2013) and
Ramanappa et al. (2013). Greater phenotypic
coefficient of variability as compared to genotypic
coefficient of variability in all the studied traits
indicated the influence of environment and a favorable
genotypic and environmental interaction as reported
by Arshad et al. (2003), Sial et al. (2003) and
Ramanappa et al. (2013).

Estimation of genotypic and phenotypic
correlations provides a measure of extent of
relationship, pleiotropy and linkage among different
traits. The estimates of genotypic and phenotypic
correlation refer to the association between two traits
due to the genetic constitution, and association
between the phenotypic appearances respectively.
Significant genotypic correlation of grain yield was
observed with days taken to 50% flowering, plant
height, number of primary branches per plant, number
of secondary branches per plant, number of pods per
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plant, number of seeds per plant, total biomass per
plant, harvest index and 100-seed weight. While
phenotypic correlation was not significant with any of
the traits. Genotypic and phenotypic correlations
among Yyield and its components has been shown in
Table-5. It can be seen that in most of the cases,
genotypic correlation is higher than phenotypic
correlation which indicates that there must be some
environmental masking effects on the expression of
such traits. This finding was supported by Padmavathi
et al. (2013) and Alli et al. (2011). Highly significant
value of correlation of seed yield with number of pods
per plant indicate that this could be the prime selection
criteria for selection of high vyielding genotypes.
Moreover, high value of genotypic correlation of seed
yield with number of primary branches per plant show
that there is some linkage of these traits in the genome.
These results were in line with the findings of Shafique
et al. (2016). Number of primary branches had further
significant genotypic correlation with total biomass
per plant and harvest index, while significant
phenotypic correlation with number of seeds per plant.
This indicates that a strong linkage may exist between
number of primary branches per plant and seed yield
per plant, and increase in number of primary branches
may increase the yield. Results of current research
were in accordance with Ali et al. (2009).

The direct effects of germination percentage,
days to 50% flowering, plant height, days to maturity,
number of primary branches, number of secondary
branches, number of seeds per pod, number pods per
plant, total biomass per plant, harvest index, number
of seeds per plant and 100 seed weight was observed
on seed yield per plant. These results were in support
of the findings of Jadhav et al. (2014), and Yucel and
Anlarsal (2010). Description regarding direct and
indirect effects of components on seed yield is shown
in Table 6. The direct effect of number of pods per
plant on seed yield was maximum positive, showing
that this must be the direct selection criteria for
selection of high yielding genotypes from the gene
pool. Indirect effect of number of pods per plant was
highest through days to maturity followed by indirect
effect of days to maturity through number of primary
branches per plant. This indicates that these could be
the indirect selection criteria for increasing the seed
yield per plant. Results were similar to the findings of
Ali et al. (2009) while in contradiction with the
findings of Talebi and Rokhzadi (2013).
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Table-1: List of chickpea genotypes used in current research experiment

Sr. No. Genotypes Sr. No. Genotypes Sr. No. Genotypes Sr. No. Genotypes Sr. No. Genotypes
1 Pb-2008 11 AUG-812 21 6001 31 1159 41 950131
2 7056 12 4064 22 5006 32 1028 42 6027
3 Bital-98 13 3008 23 3013 33 66101 43 6003
4 7021 14 6054 24 2000 34 7041 44 CH7
5 1013 15 3009 25 7046 35 4004 45 Noor2009
6 928 16 2090 26 2050 36 AUG-810 46 6002
7 7050 17 5028 27 1219 37 3020 47 2052
8 7001 18 7012 28 6013 38 5038 48 PCH-15
9 6011 19 PB-91 29 6002 39 3022 49 7008
10 5002 20 11099 30 7002 40 1605 50 PB2008
Table-2: Mean sum squares for yield and its different components
SOV G% D50%F DM PH PBPP SBPP TBPP
Replication | 44.673 0.0673 128.166 7.13 0.02205 4.7315 0.2932
Genotype | 157.138** 29.2546** 171.874** 19.767** 7.09917** 15.8917** 26.8434**
Error | 28.409 0.0363 161.271 7.7348 0.01130 4.5967 0.0825
SOV PPP SPP SperP Hl 100SW SYPP
Replication | 7.2649 0.30378 5.902 0.946 0.2925 1.3758
Genotype | 72.5017** 5.73681** 65.9363** 225.674** 10.9785** 5.967**
Error | 22.5271 2.34323 23.0310 0.265 0.1366 2.026

Abbreviations: G% = Germination percentage, D50%F = Days to 50% flowering, DM = Days to maturity, PH = Plant height, PBPP = Primary branches per plant, SBPP = Secondary
branches per plant, TBPP = Total biomass per plant, PPP = Pods per plant, SPP = Seeds per pod, S per P = Seeds per plant, HI = Harvest index, 100SW = 100 Seed weight, SYPP =

Seed yield per plant.

Table- 3: Coefficients of variability for yield and its components

G% D50%F DM PH PBPP SBPP PPP
CV% | 6.34 0.16 7.68 5.48 2.17 1.73 412
d%g | 70.93 9.739 3.534 10.61 2.36 7.99 4131
&%p | 70.97 9.77 14.633 10.71 2.373 8.009 41.97
GCV | 3.09 10.18 9.35 5.75 13.31 7.83 3.53
PCV | 3.99 10.48 9.98 9.98 20.65 11.67 5.41
SPP SperP TBPP HI 100SW SYPP
CV% | 1.25 3.76 181 1.37 3.93 4.82
d%g | 7.749 40.88 8.92 28.52 3.502 4.77
p | 7.74 40.95 9.00 88.26 3.54 4.8
GCV | 10.39 3.43 6.18 2.04 11.22 11.60
PCV | 18.22 5.55 11.16 3.60 11.57 18.50
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Abbreviations: G% = Germination percentage, D50%F = Days to 50% flowering, DM = Days to maturity, PH = Plant height, PBPP = Primary branches per plant, SBPP =
Secondary branches per plant, TBPP = Total biomass per plant, PPP = Pods per plant, SPP = Seeds per pod, S per P = Seeds per plant, HI = Harvest index, 100SW = 100 Seed
weight, SYPP = Seed yield per plant

Table No. 5: Genotypic and phenotypic correlation of yield and its components of chickpea genotypes

R G% D50%F  DOM PH PBPP SBPP PPP SPP S per p TBPP HI 100SW
G% | G
P
D50%F | G 0.987**
P 0.481%*
DM | G 0299 0.288
P 0.135 0.583**
PH G 0384 0.394**  0.496*
P 0.197 0.135 0.191
PBPP | G 0.886** 0.383* 0.282* 0.195
P 0.091 0.135 0.0915 0.292*
SBPP | G 0.448** 0.185 0.277* 0.251* 0.193
P 0.720%* 0.135 0.747%* 0.720%*  0.575**
PP| G 0916%* 0.925%*  0.920%* 0.900**  0.328* 0.351*
P 0.183 0.135 0.045 0.0137 0.0216 0.152
SPP| G 0552%* 0.584**  0.586%* 0587+  0.446* 0.365* 0.333*
P 0.071 0.135 -0.182 0.405**  0.162 -0.207 0.151
SperP | G 0.143 0.0241 0.0251 0.123 0.109 0.147 0.022 0.056
P -0.144 0.135 0.329% 0.814**  0.773** 0.703** 0.0089 0.104
TBPP | G 0.968** 0.964**  0.967** 0.971**  0.895** 0.834* 0.091 0.0121 0.954%*
P 0.0018 0.135 0.190 0.127 0.372% 0.470%* 0.803** 0.360* 0.0095
HEL G 0172 0.266* 0.366* 0.066 0.924%* 0.891%* 0.911%* 0.477% 0.062 0.0601
P 0.085 0.135 -0.103 0.201 0.127 -0.117 -0.015 0.104 0.359% 0.324*
100SW | G 0.231 0.0821 0.125 0.227 0.115 0.0826 0.047 0.092 0.298 0.300% 0.401*
P 0.180 0.135 0.0133 0.111 0.103 0.138 0.111 0.314* 0.801%* 0.850%* 0.819%*
SYPP| G -0.233 0.323* 0.2073 0.432% 0.790%* 0.290% 0.896%* -0.131 0.292* 0.565%* 0.346**  0.267*
P 0.135 0.135 0.2271 0.0298 0.103 0.124 0.0112 0.0311 0.137 0.115 0.106 0.0096

Abbreviations: G% = Germination percentage, D50%F = Days to 50% flowering, DM = Days to maturity, PH = Plant height, PBPP = Primary branches per plant, SBPP =
Secondary branches per plant, TBPP = Total biomass per plant, PPP = Pods per plant, SPP = Seeds per pod, S per P = Seeds per plant, HI = Harvest index, 100SW = 100 Seed
weight, SYPP = Seed yield per plant
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Table-6: Direct and indirect effects of yield and its components of chickpea genotypes
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G% D50%F DM PH PBPP SBPP PPP SPP S per P TBPP HI 100SW
0.102 0.092 -0.119 0.129 0.194 0.101 0.493 0.179 0.102 0.133 0.094 0.016
G% 0.0003 0.081 0.0006 0.101 0.103 0.103 0.100 0.103 0.021 0.012 0.109
D50%F | 0.001 0.133 0.103 0.007 -0.128 0.009 0.113 0.002 0.101 0.103 0.006
DM | 0.039 0.102 0.013 0.013 0.002 0.543 -0.497 0.116 0.101 -0.193 0.013
PH | -0.324 0.001 -0.463 0.0009 0.025 0.107 -0.102 -0.202 0.024 0.100 0.101
PBPP | -0.482 0.007 0.533 0.027 0.100 0.101 0.014 0.019 0.100 0.007 -0.202
SBPP | 0.094 0.098 -0.359 0.032 0.102 0.164 0.010 0.001 0.029 0.101 0.100
PPP | 0.010 0.0001 0.002 -0.437 0.100 0.001 0.037 0.013 0.001 0.102 0.001
SPP | 0.101 0.098 0.043 0.234 0.194 -0.104 0.083 0.101 0.141 0.007 0.003
Sperp | 0.102 -0.209 0.067 0.127 0.100 0.099 0.005 0.007 0.001 0.029 0.019
TBPP | 0.110 0.324 0.237 0.109 -0.102 0.030 -0.778 0.001 0.007 0.002 0.098
HI | 0.008 0.008 0.028 0.036 0.009 0.009 0.003 0.003 0.001 0.007 0.003

100SW | 0.004 -0.209 0.026 0.057 0.070 0.052 0.033 0.004 0.031 -0.001 -0.017

Total | -0.336 0.222 0.327 0.301 0.596 0.189 0.404 -0.311 0.190 0.525 0.132 0.252
Correlation | -0.234 0.324 0.207 0.432 0.790 0.290 0.897 -0.132 0.292 0.565 0.346 0.268

Abbreviations: G% = Germination percentage, D50%F = Days to 50% flowering, DM = Days to maturity, PH = Plant height, PBPP = Primary branches per plant, SBPP =
Secondary branches per plant, TBPP = Total biomass per plant, PPP = Pods per plant, SPP = Seeds per pod, S per P = Seeds per plant, HI = Harvest index, 100SW = 100 Seed

weight, SYPP = Seed yield per plant

56



Correlation and Path Analysis for Yield Related traits in chickpea / J. Agric. Basic Sci., Vol. 01, No. 01, 2016

TECO

. N < S
e
. | ~
SR g | |
o = - o .
& o | Bl ) )
R o B - o
< B e N .
\ \ ( -
o o & 8 3 - o
t:'\__ " :-JJ vy (= N o m - =
—— = o - =1 I
=L b N Yo AT - ) e >
o = o o R o o | oL e
o = — o 0 ol o o o =
- 9 A= v * Pl N Pl =) ~
o o o0/ o o = [ w0 |o L
(=] = <1 = [~ o = [=2] =
Wl B o e =) o = M o
G e B o - m ol o [Te] o [ o
ST e o ~ | -/ EI'\‘l \ w ()] =} @
= B = Ll P (= o) [
= B [=R% o al =4 =) ool [N
AR o p - o —| & o [
SR 0J ., 00 g oo ro |
= n [Us] L el -
\ ' o = o\ [
e _ _ — = _ — o _ | _
| el =g o' ® v
) | & P o o
. :‘j - PR B~ - _ — - -
3 o' W/ ~
\ IR | R )
— 9 - - — - - - -
/ — - — -

|

|
\,
|
|
|
|

Figure-1: Path diagram of yield and its components showing direct and indirect effects
Abbreviations: G% = Germination percentage, D50%F = Days to 50% flowering, DM = Days to maturity, PH = Plant height, PBPP = Primary branches per plant, SBPP =
Secondary branches per plant, TBPP = Total biomass per plant, PPP = Pods per plant, SPP = Seeds per pod, S per P = Seeds per plant, HI = Harvest index, 100SW = 100 Seed

weight, SYPP = Seed yield per plant

57




