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Abstract

A swudy was undertaken to estimate the [evel and pattern of correlation beiwecn various plant characters
including grain yield, separately in 28 F1s and 18 homozygous parental genotypes of chickpea grown under
similar conditions. The correlation coefficients were partitioned into direct and indirect effects through path
analysis. Highly significant genetic differences were recorded for all the characters studied both in F and
parental lines. A comparison between Fl populations and parental lines revealed thas the ranges of genoltypic
variatious il Fl wete greater than their corresponding ranges in parental lines. Study of correlation coeffi-
clents revealed that genetic correlation's in Fl's as well as in parental lines were higher than phenotypic
correlations. Positive and highly significant genedic correlation of grain yield in parental genotypes was
observed with number of primary and secondary branches per plant, pods per plant, 100-seed weight and
biological yield per plant, whereas in Fl highly significant and positive correlation of grain yield was noted
only with number of secondary branches, pods per plant and biological yield per plant. However, F and
parental genotypes appeared to be sunilar with respect 1o the pattern of correlation of grain yield with luther
plant characters except 100 seed weight. The correlation of 100-seed weight with grain yield in Fl was nega-
tive and highly significant, whereas it was positive and highly significant in the case of parents. The study of
correfation coefficients between yield components showed that the pattern of correlations between plant
height and secondary branches, primary branches and 100-seed weight, biological yield and 100-seed weight
and between harvest index and 100-seed weight were dissimilar in Fl and parental genotypes. The results of
path analysis showed harvest index and biological yield to have maximum direct effect on grain yield respec-
tively in parental lines and F1 genotypes. These resuits showed that the pattern and fevel of association
between various plant characters in Fl and parental genotypes were not stmilar for all the cases. However,
the level and pattern of correlation of grain yield with number of secondary branches, number of pods and
biological yield per plant were similar in both the sets of genotypes.

Introduction

Chickpea is an important component of rain fed cropping system in Pakistan where
it is cultivated on about one million hectares with a total production of 550 thousand
tons. Seed is economically the most important component of .this crop which is valued
for good quality protein and starch contents. It is normally consumed in combination
with cereals which make it a perfect diet. The productivity and production of chickpea
has remained stagnant except for few exceptional years. Lack of high yielding varieties
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is the most important factor among the major causes responsible for low yields in
chickpea. Although, breeders have been putting lot of efforts to evolve high yielding
disease resistant varieties of chickpea, they have not been able to achieve a break
through in its productivity. Therefore, further efforts are required to devise more effi-
cient breeding techniques to exploit artificially created genetic variability.

The presence of genetic variability is an important pre-requisite for a breeding
programme aimed at genetic improvement of any crop. Grain yield which is the most
important component of majority crop plants is a complex character and is final pro-
duct of several contributory factors and their interaction. The knowledge of association
between yield and these factors provides the basis for planning a breeding programme
for maximum genetic gain. The path coefficient study provides an opportunity to
examine the magnitude and direction of association of yield with its direct and indirect
components.

Character correlation has been a popular subject of study among the breeders.
However, most of these studies were made on land races or homogeneous lines of
various crops (Ali, 1985, Asawa et al., 1981, Bakhsh, 1991, Banerjee et al., 1986,
Chaudhry, 1991, Chihan & Sinha, 1982, Ghafoor er al., 1990; Gupta et al., 1972).
Therefore, previcusly made recommendations about the selection criteria for yield
improvement ar¢ normally based on such studies whereas selection is usually made
from segregating populations or from heterogeneous land races. Dahiya er al., (1986)
made a comparison between various selection criteria from F, and F, populations and
concluded that number of fruiting branches were effective for yield increase. When F
and F, populations were studied for yield comparison in chickpea, it was found that
number of fruiting branches, pods/plant and seeds/plant were good indication of yield
(Ram et al., 1980). Tomer ef al., (1982) reported similar results from his studies on FI
and F, generations.

Present investigation was undertaken to make a comparison between F | progenies
and their parental genotypes for the pattern and level of character correlation and for
direct and indirect effect of these characters on yield. The main objective was to estab-
lish a selection criteria based on characters which remain stable for the pattern of their
association with yield across various generations.

Materials and Methods

The experimental material of this study consisted of 18 pure lines and 28 F popu-
lations. The hybrid populations were developed by crossing these pure lines in various
combinations. The crosses were made at NARC and all possible precautionary meas-
ures were taken to avoid selfing. The Fl and parental lines were then evaluated during
1994-95 in two separate experiments, planted side by side, in randomized complete
block design with three replications. Each plot consisted 4m long 2 rows with spacing
of 30cm between rows and 10cm between plants within a row. These experiments were
conducted in the experimental field of pulses programme, National Agricultural Re-
search Center, Islamabad, during 1994-95. Ten plants of each genotype were randomly
selected from each replication both for parental and F | populations at the time of matur-
ity. Data for plant height, number of primary branches, number of secondary branches,
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Table 1. Analysis of variance and means for yield and yield related plant
characters in 18 pure lines (parental lines) of chickpea.

Genotype X1 X2 X3 X4 X5 X6 X7 X8
Pk51814 46.53  4.44 2833 68.22 2271 34.84 4850 17.45
Pk51830 48.53  6.00 30.11 55.22 22.02 3453 42.89 15.29
ILC482 49.00 5.66 24.77 68.00 26.35 48.23 49.06 18.90
F87-508C 50.97 5.11 2225 60.00 2529 31.10 4530 14.53
HG202-6-1 5027 4.66 21.22 60.22 27.46 33.90 39.85 12.65
PK51860 47.63 533 21.10 49.09 2522 26.27 44.81 13.02
PK1792 5220 4.88 25.89 69.33 19.44 31.80 33.07 11.59
F84-78C 43.83 4.55 17.00 35.11 17.69 13.83 4090 5.25
F83-47C 42.83 445 2433 58.66 12.04 23.97 40.81 10.03
ICC13301 37.43  3.00 14.66 3722 12.19 11.68 4532  4.46
CAI18608 44.10 3.66 13.08 35.44 2394 1723 44.18 6.94
CM72 4435 5.55 13.50 40.22 23.30 23.87 36.99 8.73
ICC13416 46.8% 477 18.89 38.33 2470 24.45 4479 10.81
F85-114C 4587  7.00 18.88 4922 27.92 2459 39.57 11.96
HI-11287 47.87 7.55 15.54 52.00 29.03 30.55 40.52 13.04
ICC13728 4320  4.00 1233 51.78 23.72 24.27 4635 12.74
ICC11514 4553  4.88 18.89 84.09 22.46 29.56 46.30 12.94
ILC5902 43.10 3.88 18.78 63.44 10.90 25.49 44.61 8.32
MS(V) 37.87" 3.78" 82.817564.54™ 90.82""214.92"" 49.78"" 44.67"
MS(R) 80.28" 0.63 3.17 33.82 1034 03.95 273 07.59
MS(E) 10.11  0.66 9.35 3554 07.72 2278 10.55 03.34

X1 = Plant height, X2 = No. of primary branches, X3 = No. of secondary brancheé, X4 = No. of pods/
plant, X5 = 100 seeds weight (gm) X6 = biological yield/plant, X7 = Harvex Index (%), X8 = Grain
yield/plant (gm).

pods per plant, i00-seed weight biological yield, harvest index and grain yield were
recorded on individual plants in all F1 and parental genotypes. These data were aver-

aged to calculate means of each character for individual genotype. The statistical analy-
sis was performed to determine the significance of differences between mean values
(Steel & Torrie, 1960). Genotypic (rg) and phenotypic (rp) correlation coefficients
between two characters were determined by the following formulae proposed by Dewy
& Lu (1959):
Cov.Gij

g= ————

(6g1) (6g))

where rg = genotypic correlation coefficient, Cov.Gij and 6gi and 6gj are estimates of
variety components of covariance and variance, respectively, for trait I and j.
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Mij
Rp R
(Mii) (Mij)

where Mij is the mean product of varieties, Mii and Mij are variety mean squares for
trait I and j.

The genetic correlation coefficients were used for path coefficient analysis demon-
strated by Dewey & Lu (1959) by solving of simultaneous equations, where grain yield
was kept as resultant variable and the yield contributing characters like (a), (b), (g) as
causal variables.

Results

The results of analysis of variance and means for yield and other characters studied
in parents and F ~genotypes are presented in Table 1 and 2, respectively. The genotypic
differences for all the parameters studied in both the populations were highly signifi-
cant. Plant height in parents and F 's ranged from 37.5 to 52.2cm and 20.03 to 58.73
cm, respeclively. "Number of pods per plant in parental genotypes ranged from 35.11 to
84.04 against 57.17 to 211.16 in F's, 100-seed weight ranged from 10.90 to 29.03gm
in parental genotypes whereas in F it ranged from 12.36 to 35.30 gm. Harvest index
varied from 33-49% in parents 34.5 -52.5% in F genotypes. A range of 4.46 to
18.90 and 9.97 to 43.60 respectively in parents and F genotypes was noted for grain
yield per plant (gm).

Genetic and phenotypic correlations of yield with other plant characters and bet-
ween various plant characters in parents and F 's are given in Table 3. Generally, the
genetic correlation coefficients in both the cases were greater than those of phenotypic
correlations. The genetic correlation of yield with plant characters like plant height
(0.747), number of primary branches (0.509), number of pods per plant (0.678),
number of secondary branches and biological vield per plant (0.96) was positive and
highly significant. The genetic correlation of yield in F  populations was positive and
highly significant with number of fruit bearing branches (0.592), number of pods per
plant (0.728) and biological yield per plant. 100-seed weight in this population was
negatively correlated with yield (-0.406). Genetic correlation of plant height in parental
genotypes was positive and highly significant with all the characters except harvest
index (Table 3). On the contrary, this correlations in F populations was non signifi-
cant. Similarly, the pattern of correlations of primary branches with other yield
components in parents was different from that of F populations. Secondary branches
both in parents and F 's were positively and highly significantly correlated with number
of pods and biological yield per plant and negatively correlated with 100-sccd weight.
The correlation patterns of pods per plant with rest of the characters in F and parental
genotypes were similar except for 100-seed weight where it was highly significant and
negative in F 's (-0.553) comparcd to non significant positive in parental genotypes
(0.026). The study of Table 3 for rest of the correlation coefficients indicated that
correlations of 100-seed wecight with biological yield, harvest index and grain
yield/plant were different in two populations, whereas, correlation pattern of biological
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yield with harvest index and grain yield and that of harvest index with total grain yield
resembled in two sets of populations. The results of path coefficient analysis showed
that harvest index in F: genotypes and number of pods per plant in parental genotypes
had maximum direct effect on yield (Table 4). A comparison between two sets of
genotypes for corresponding path coefficient values showed that qualitatively and quan-
titatively these values were different in most cases.

Discussion

Genetic improvement of chickpea for high grain yield has been the focal point of
chickpea breeders in Pakistan. Grain yield is a complex character which is final product
of many contributory factors. Therefore, a detailed knowledge of these factors, their
direct and indirect contribution to yield and knowledge of relationship between these
traits when combined into a single genotype would provide basis for effective breeding
programme. Present investigation was made to study the behavior of important yield
traits in F and their parental genotypes, with the objective of finding a suitable combi-
nation/set of characters which enhance yield and does not change their behavior when
put in different genetic background. Selection of parental lines for hybridization and
then single plants from segregating populations based on such information are expected
to give better results than ever before. This is because the previous reports on character
association show that selection criteria previously used were based on information
derived from homogeneous lines.

The results of present study revealed that there was considerable variation both in
parents and Fl populations for the characters studied. The wider range of variability in
F may be an attribute of different levels of heterosis in various F hybrids. Highly
significant genetic differences for the traits as evaluated in this investigation were re-
ported by Singh (1988), Malik er al., (1988), although in pure lines. Maximum genetic
variability in this study was observed for pods per plant in all the populations which is
similar to the observation made by Filippetti & Margano (1983). The prevalence of
genetic variability observed iu the present study provides scope for the identification of
better genotypes.

The estimates of correlation coefficients revealed that genetic correlations were
higher than phenotypic correlations for almost all the characters in F . F, and parenial

populations. These results are sinilar to the reports of Rani & Rao (1981), Singh er al.,
(1985) and Malik er al., (1988) from their studies on different crops.

In parental genotypes all the characters were positively correlated with yield. Posi-
tive correlation of yield with number of pods per plant, number of primary branches,
number of seeds per plant, 100 seed weight and harvest index have already been report-
ed (Bhall er al., 1976, Singh er al., 1985, Jain er al., 1981, Chaudhry & Khan, 1974).
The pattern and level of correlation of yield with its components was different in some
cases between F and parents. All the plant characters in parental genotypes were posi-
tively and highly significantly associated with yield. Contrary to that, plant height,
number of primary branches and harvest index in F were non significantly correlated
with yield. The interrelation of yield components were similar in some cases while they
were different in others between F, and parental genotypes. For example, the relation-
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Table 3. Genetic (rg) and phenotypic (rp) correlation coefficients between yield
and yield components in purelines (A) and F1 (B) populations of chickpea.

Variables X1 X2 X3 X4 X5 X6 X7 X8
Xl A rg 1 0.62” 0.678" 0.467™ 0.736"" 0.872"°-0.326 0.747"
p 1 0.413 0.439 0.436 0.469° 0.574" -0.148 0.593"
B: rg |1 0.216 -0.091 0.177 200 0.227 -0.193 0.105
p 1 0.225 -0.051 0.173 0.184 0.225 -0.154 0.115
X2 A 1g 1 0.166 0.088 0.712" 0.488" -0.339 0.509°
p 1 0.233  0.167 0.549" 0.408 -0.235 0.440"
B: g 1 0.031 0.199 -0.072 0.046 -0.017 0.221
p 1 0.148 0.129 -0.090 0.278 -0.059 0.196
X3 A: rg 1 0.598"-0.034 0.618" 0.088 0.675"
p 1 0.500 0.009 0.609"-0.006 0.587"
B rg 1 0.755™ -0.663™" 0.631"" 0.238 0.592"
p 1 0.695" -0.625™ 0.574™ 0.156 0.551™"
X4 A: rg 1 0.026 0.726™ 0.178 0.648"
P 1 0.031 0.652™ 0.127 0.638"
B rg 1 -0.553™ 0.628™ 0.355 0.728"
P 1 -0.509™ 0.595™ 0.264 0.665™
X5 A: rg 1 0.508 0.042 0.529"
p 1 0.392 0.013 0.474
B rg 1 0.362 -0.039 -0.406
P 1 -0.350 -0.026 -0.391"
X6 A: g 1 0.262 0.960"
p 1 0.079 0.854"
B g 1 0.123 0.885"
P 1 0.074 0.803"
X7 A: rg 1 0.426°
p 1 0.229
B rg 1 0.289
Ip 1 0.222

X1 = Plant height, X2 = No. of primary branches, X3 = No. of secondary branches, X4 = No. of pods/
plant, X5 = 100 seeds weight (gm) X6 = biological yield/plant, X7 = Harvex Index (%), X8 = Grain
yield/plant (gm).
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Table 4. Direct and indirect effects via various paths of 7 yield characters
on the grain yield in Pure lines (A) and F1 (B) progenies of chickpea.

Chara- Direct  Indirect X1 X2 X3 X4 X5 X6 X7 Total
crers  effect  effect via corre
lation
X1 (A) 0.115 - 0.170 0.258 0.129 0.259 -0.031 -0.153  0.748
(3 -0.153 - 0.029 0.034 0.078 -0.013 0.203 -0.015  0.105
X2 (A) 0.276 0.071 - 0.063 0.024 0.251 -0.017 -0.159  0.509
(B} -0.135 -0.033 - -0.012 0.088 0.005 0.310 -0.0013 0.221
X3 (A) 0.381 0.078 0.046 - 0.1644  -0.0119 -0.0242 0.0412 0.6746
(B) -0.3739 0.014 -0.0042 - 0.3321 0.0422 0.5637 0.0187 0.5925
X4 (A) 0.2748  0.0539  0.0244  0.2281 - 0.0092  -0.0258 0.0837 0.6482
(B) 0.4397  -0.0271  -0.0269 -0.2825 - 0.0351 0.5617 0.0278 0.7278
X5 (A) 0.3517 0.0849 0.1964  -0.0129 0.0072 - -0.0181 0.0195 0.6289
(B) 0.0636  -0.0307 0.0098 0.248 -0.2431 - -0.3236  -0.0031 -0.4062
X6 (A) -0.0350 0.1006 0.1347 0.2598 0.1996 0.1786 - 0.1226 0.9603
(B) 08941 -0.0348 -0.0468 -0.2358 0.2762 0023 - 0.0096 0.8856
X7 (A 0.4687 00376 -0.0935 (.0335 0.0491 0.0147  -0,0093 - 0.4253

(B UG 784 D029 0.0023 0 -0.089 0.156 0.0025  0.1098 - 0.2895

X1 = Plant heighi, X2 = No. of primary branches, X3 = No. of secondary branches, X4 = No. of pods/
plant, X5 = 100 seeds weight (zm) X6 = biological yeld/plant, X7 = Harvex Index (%), X8 = Grain
yieldsplant (gm).

ship of primary branches with 100 seed weight was significant and positive whereas
same association in F[ was negative although non significant. The present investigation
revealed that the pattern of association between plant characters may be different in F
hybrid populations as compared to that of the parents where from these F 's are de-
rived. This indicates that each of the plant characters positively associated with yield in
pure lines may not contribute positively to yield increase on combining these characters
through hybridization. It is therefore proposed that the criteria for single plant selec-
tion from segregating generations should be decided on the basis of correlation informa-
tion on segregating generations and pure lines together and only those characters be
given consideration for the decision of selection criteria which are stable in their rela-
tion with yield in different genotypes.

Genetic correlation of secondary branches, number of pods and biological yield per
plant with grain yield was positive in parents and F hybrid populations. Positive corre-
lation of yield with fruiting branches (Dhaiya et al., 1986, Naidu et al.,, 1986), with
pods per plant and seeds per plant (Tomer et al., 1982, Ram et al., 1980, Slimath &
Bahl, 1983, Agrawal, 1976) have already been reported in hybrid populations. This
indicated that the association of these plant characters in chickpea remained stable
across the pure line and hybrid genotypes. Hence it may be recommended that high
biological yield, and greater number of pods and fruit bearing/secondary branches



218 A. BAKSH ET AL.,

available in various pure lines should be combined through hybridization in a single
genotype to enhance yield potential of chickpea. It is also proposed that these parame-
ters be given more importance while making selection from segregating populations.
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