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ABSTRACT

An experiment was conducted during Rabi, 2016-17 at Pulses Research farm, Bihar
Agricultural University, Sabour (Bhagalpur), Bihar to study the correlation and path
analysis for grain yield and its component characters in thirty six desi chickpea genotypes.
The correlation study revealed that grain yield per plant was found significantly and
positively correlated with number of primary branches, number of secondary branches,
biological yield, harvest index, 100 seed weight and days to maturity, under normal sown

Keywords condition. Under late sown condition grain yield per plant showed positive and significant
) association with chlorophyll index, number of primary branches, total number of pods per
Correlation, Path plant, effective pods per plant, biological yield, harvest index and 100 seed weight. Path

analysis, Grain
yield, Chickpea
(Cicer arietinum L.)

analysis revealed that revealed that biological yield, effective pods per plant, harvest index,
primary branches per plant and secondary branches per plant had high positive direct effect
on grain yield per plant under normal condition while, chlorophyll index, effective pods

Article Info per plant and 100 -seed weight would be quite effective in improving chickpea under late
: condition. On the basis of mean performance the genotypes viz. Phule G-13110, HI2-55,
?g‘jfﬂf:ry T GNG 2215, GNG-469, GN 2213, DCP92-3 and BRC-1 were identified as the superior

genotypes for yield and yield attributing traits under normal condition while, the genotypes
viz. PhuleG-13110, HI2-55, BG 3043, NBeG 507 and ICCV 15112 were identified as
superior genotypes under late sown condition. The present study has clearly indicated the
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need for giving due weight age to high chlorophyll index, number of primary branches,
total number of pods per plant, effective pods per plant, high 100- seed and biological
yield, harvest index and considered size of the seed and using these associated characters
may be useful to the breeder to formulate appropriate breeding plans for selection of the
genotype which tolerate high temperature condition while, under normal condition
emphasis should be given on selection of characters viz. number of primary branches,
number of secondary branches, biological yield and harvest index for improvement of
grain yield.
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Introduction

Chickpea (Cicer arietinum L.), a member of
Fabaceae family, is one of the most important
rabi pulse crop in India contributing 20% to
the pulse production in the world. Chickpea
(Cicer arietinum L.) with a genome size of
732 Mbp is a self-pollinated, diploid (2n = 2x
= 16) cool season pulse crop grown in more
than 44 countries representing all the
continents under eight geographically diverse
agro-climatic conditions. India is the largest
chickpea producer accounting a share of about
67% in global chickpea production with about
8.25 m ha area, 7.33 m t production and 889
kg/ha productivity. The area occupied under
chickpea cultivation in Bihar is 60 thousand
hectares with a productivity of 958 kg/ha
(Project Coordinator Report, AICRP on
chickpea, 2015-16).

Grain yield is a complex trait and highly
influenced by many genetic and
environmental factors. So, direct selection for
yield as such could be misleading. A
successful  selection depends upon the
information on the association of morpho-
agronomic traits with seed yield. The inter-
relationship ~ between  important  vyield
components is best estimated by correlation
coupled with path coefficient analysis. These
techniques used in the breeding programme to
exploit the yield potential for enhancing the
productivity of chickpea and to develop high
yielding improved varieties. Correlation is the
mutual relationship between the variables, it
aids in determining the most effective
procedures for selection of superior genotypes.
When there is positive correlation between
major yield components, breeding strategies
would be very effective but on the reverse,
selection becomes very difficult. The
estimates of correlation coefficients alone may
be often misleading due to mutual cancellation
of component characters. So, study of
correlation coupled with a path analysis is

more effective tool in the study of yield
contributing characters. Path  coefficient
analysis is an important technique for
partitioning the correlation coefficient into
direct and indirect effect of the causal
components on the complex component.
Hence the present investigation was made to
study the association between the characters
and the direct and indirect effects of yield
components on seed yield in chickpea.

Materials and Methods

The experimental material consisted of thirty
six chickpea genotypes were sown on 10"
November under normal sown condition
while, on 15™ December 2016 under late sown
condition at Pulses Research farm, Bhitti,
Bihar  Agricultural  University,  Sabour
(Bhagalpur). Atmospheric temperature varied
from 4.0°C minimum in January to 45.0°C
maximum in May. The experiment was laid
out in a randomized complete block design
with three replications during Rabi 2016-17
under All India Coordinated Research Project
on Chickpea. The plot size was 4.8 m?, with 1
row of 4 m length. Inter row spacing distance
was kept 30 cm and plant to plant spacing was
30 x 10 cm. The recommended packages of
practices were followed to raise a healthy
crop. Data were recorded on fifteen
quantitative traits viz. days to 50% flowering,
days to maturity, chlorophyll index, canopy
temperature at vegetative stage, canopy
temperature at reproductive stage, primary
branches per plant, secondary branches per
plant, plant height (cm), total number of pods
per plant, effective pods per plant, 100 seed
weight (g), grain yield per plant (g), biological
yield per plant, harvest index and grain vyield
per plot (g).The days to 50% flowering, days
to maturity, and grain yield per plot were
recorded on a plot basis and plant height and
number of pods per plant and 100-seed weight
were recorded from a random sample of five
plants in each plot. The genotypic and
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phenotypic correlation coefficients were
computed using genotypic and phenotypic
variances and co-variances (Al. Jibouri et al.,
1958). The path coefficient analysis was done
according to the method by Dewey and Lu
(1959).

Results and Discussion

The analysis of variance showed significant
differences among the genotypes (Table-1) for
all the characters studied which provides an
opportunity for selecting suitable genotypes
with better performance for the traits. The
study of inter-relationship among various
characters in the form of correlation is, in fact,
one of very important aspects in selection
programme for the breeder to make an
effective selection based on the correlated and
uncorrelated response. Knowledge of nature
and magnitude of associations among different
characters are important on three counts.
Indirect selection is important when desirable
characters have low heritability measure in
one sex only.

The efficiency of indirect selection is
measured as a correlated response (Falconer,
1960). Knowledge of correlation is required
when selection is to be made on several
characters at a time through some
simultaneous selection model. Even if, the
objective is to make selection on a single trait,
the knowledge of correlation is essential to
avoid the undesirable correlated changes in
other characters. In general, magnitude of
genotypic correlation was higher than their
corresponding phenotypic correlation
coefficients in most of the characters
suggesting that a strong inherent association
exists for the traits studied and phenotypic
selection may be rewarding. Similar results
were also reported by Meena et al., (2006) and
Kumar et al., (2017). Higher magnitude of
genotypic correlation helps in selection for
genetically controlled characters and give a

better response for seed yield improvement
than that would be expected on the basis of’
phenotypic association alone (Robinson et al.,
1951).

The correlation analysis (Table-2) revealed
that grain yield per plant was found
significantly and positively correlated with
number of primary branches, number of
secondary branches, biological yield, harvest
index,100- seed weight and days to maturity,
in normal sown condition. Under late sown
condition grain yield per plant showed
positive and significant association with
chlorophyll index, number of primary
branches, total number of pods per plant,
effective pods per plant, biological yield,
harvest index and 100-seed weight. Similar
finding were reported by Yadav and Haquae
(2001), Sial et al., (2003), Talebi et al.,
(2007), Bicer and Sarkar (2008), Hahid et al.,
(2010), Ali et al., (2011), Babbar et al., (2012)
and Kumar et al., (2017). Biological yield
showed positive significant association with
100 seed weight (0.355**) in normal sown
condition and with harvest index (0.234*) and
100 seed weight (0.641**) in late sown
condition. Harvest index showed positive and
significant association with 100 seed weight
(0.311**) wunder late sown condition in
addition to others as mentioned above. A
positive correlation between desirable traits is
favourable to the plant breeder because it
helps to bring the simultaneous improvement
in both the characters. Similar findings for
various traits were also reported by Yucel and
Anlarsal (2010).

Total number of pods per plant showed
positive significant association with number of
effective pods per plant (0.994**) and
biological yield (0.246*) in normal sown
condition and with number of effective pods
per plant (0.986**), biological vyield
(0.775**), harvest index (0.406**) and 100
seed weight (0.338**) under late sown
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condition. Number of effective pods per plant
showed positive significant association with
number of biological yield (0.232*) in normal
sown condition and with biological vyield
(0.775**), harvest index (0.400**) and 100
seed weight (0.351**) under late sown
condition. Days to 50% flowering showed
positive significant association with days to
maturity (0.25*%) in normal sown condition.
Under late sown condition, it showed positive
significant correlation with days to maturity
(0.28*), canopy temperature at pod filling
stage (0.425**) and plant height (0.278%)
while significantly negative correlation was
observed for chlorophyll index (-0.37**).
Days to maturity showed positive significant
association with canopy temperature at
vegetative (0.250*) and pod filling (0.350**)
stages in late sown condition and negative
significant with chlorophyll index under
normal sown conditions.

Chlorophyll index showed positive significant
association with plant height (0.249%),
primary branches (0.232*) and 100 seed
weight (0.426**) in normal sown condition
and with canopy temperature at pod filling
stage (0.278*), plant height (0.303**),
biological yield (0.319**) and 100 seed
weight (0.270*) in late sown condition.
Canopy temperature at vegetative stage
showed positive significant association only
with number of secondary branches (0.315**)
under normal condition while, canopy
temperature at pod filling stage showed
positive significant association only with plant
height (0.460**) under late sown condition.
Plant height showed positive significant
association with number of primary branches
per plant (0.303**), biological yield (0.238%),
harvest index (0.455**) and 100 seed weight
(0.331**) in normal sown condition. Under
late sown condition, it showed positive
significant association with 100 seed weight
(0.251*) while significant negative correlation
with effective pods per plant (-0.249%).

Number of primary branches per plant showed
positive significant association with number of
secondary branches (0.282*) and biological
yield (0.529**) under normal condition while
with secondary branches (0.616**), number of
total pods per plant (0.575**), number of
effective pods per plant (0.582**), biological
yield (0.696**), harvest index (0.279*) and
100 seed weight (0.530**) under late sown
condition.

None of the traits were observed to be
negatively and significantly associated with
plant height in either of the environments.
Number of secondary branches per plant
showed positive significant association with
biological vyield (0.277*) under normal
condition while with number of total pods per
plant (0.541**), number of effective pods per
plant (0.524**), biological yield (0.592**) and
100 seed weight (0.340**) under late sown
condition. These results are agreement with
the earlier reports of Priti et al., (2003). It
means a slight increase in any one of the
above traits may directly contribute towards
seed yield.

The direct and indirect effects of investigated
characters on grain yield at phenotypic level
are presented in Table-3 and path coefficient
analysis revealed that biological yield,
effective pods per plant, harvest index,
primary branches per plant and secondary
branches per plant had high positive direct
effect on grain yield per plant under normal
condition while, chlorophyll index, effective
pods per plant and 100 -seed weight in late
sown condition.

The earlier studies for direct effect on grain
yield for biological yield and harvest index
were reported by Babbar and Patel 2005,
Kuldeep et al., 2014, Naveed et al., 2012 and
Tadesse et al., 2016 and Kumar et al., 2017
whereas, Talebi et al., (2007), found positive
indirect effect on seed yield.
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Table.2 Correlation coefficient analysis between yield and its component characters in thirty six chickpea genotypes under normal and late sown condition

Days to
Maturity

g
0
>0
@ 1O
o

o
=
=
[<5)
=
kel
=

0.25* 0.00 0.014
0.28* -0.37** 0.011
-0.25* 0.042

0.17  0.250*

0.004

0.157

Days to 50%
Flowering
Days to
Maturity
Chlorophyll
Index

Canopy
Temp.@vs

Canopy
Temp.@pfs

Plant Height cm
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Primary
Branches
Plant™

Secondary
Branches
Plant™

Total Pods
Plant™
Effective Pods
Plant™
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Biological Yield

Harvest Index

N
L
N
L
N
L
N
L
Seed index(g) N
L
Grain yield N  -0.059 0.228 0.099 0.024
plant™ L -0.033 0.080 0.370  -0.016
* Significant at P=0.05 and ** at P=0.01 levels, respectively.

IIO\o

-0.039
-0.425**
0.033
-0.350**
-0.071
0.278*
-0.117

-0.218

0.018
0.028

0.168
0.278*
-0.061

0.149
0.249*
-0.197
-0.020

0.156
0.052
-0.460**

0.091
0.040

1637

Primary
Branches
Plant™

0.074 0.153
0.067  -0.053
-0.147 0.047
0.064  -0.090
0.232*  -0.080

0.303** 0.019

-0.039 0.315**
0.145 0.109
-0.105 0.015
-0.080  -0.073
0.303** 0.065
0.122 0.044
0.282*

0.616**

0.461 0.289
0.403 0.222

Total Pods
Plant™

0.193
-0.107
0.076
-0.069
0.090
0.085
0.113

-0.104
-0.067
0.143
0.209
-0.215
0.186
0.575**

0.031
0.541**

0.186
0.395

0.193
-0.151
0.089
-0.082
0.098
0.134
0.124

-0.094
-0.074
0.196
0.221
-0.249*
0.185
0.582**

0.032
0.524**

0.994**
0.986**

0.180
0.407

-0.016
-0.110
0.212
0.049
0.136
0.319*
-0.003

0.068
0.050
0.059
0.238*
-0.137
0.529**
0.696**

0.277*
0.592**

0.246*
0.775**
0.232*
0.775**

0.939
0.423

-0.002
0.045
0.195

-0.063

-0.153

-0.015

-0.084

-0.208
-0.102
-0.059
-0.455**
0.176
-0.208
0.279*

-0.024
0.144

0.119
0.406**
0.104
0.400**
0.019
0.234*

0.250
0.264

100 Seed
Weight (g)

-0.164
0.005
0.088
0.208

0.426**

0.270*

-0.020

0.172
0.004
-0.192
0.331**
0.251*
0.187
0.530**

0.014
0.340**

0.125
0.338**
0.131
0.351**
0.355**
0.641**
-0.136
0.311**

1
0.286
0.399
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Table.3 Direct and indirect effect of different characters on grain yield in Chickpea under normal and late sown condition

Characters

flowering

(=]
N
<)
Lo
(=]
8
g
@
(@)

Days to Maturity
Chlorophyll Index
Canopy Temp.@VS
Canopy Temp
@PFS
Plant Height (cm)
Primary Branches
Secondary Branchs
Plant™
Total Pods Plant™
Effective Pods Plant’
1
Biological Yield (g)
Harvest Index (%0)
100 Seed Weight (g)

Days to 50%
Flowering

Days to Maturity

-0.032 -0.008 0.000 0.000 0.001 -0.005 -0.002 -0.005 -0.006 -0.006 0.001 0.000 0.005

0.120 0.034 -0.045 0.001 -0.051 0.033 0.008 -0.006 -0.013 -0.018 -0.013 0.005 0.001
-0.004 -0.017 0.004 -0.001 -0.001 0.001 0.003 -0.001 -0.001 -0.002 -0.004 -0.003 -0.002
-0.009 -0.033 -0.006 -0.008 0.012 -0.005 -0.002 0.003 0.002 0.003 -0.002 0.002 -0.007
0.000 -0.003 0.013 0.000 -0.001 0.003 0.003 -0.001 0.001 0.001 0.002 -0.002 0.005
-0.150 0.067 0.401 0.063 0.111 -0.079 0.121 0.007 0.034 0.054 0.128 -0.006 0.108
0.001 0.002 0.000 0.044 -0.005 -0.001 -0.002 0.014 0.005 0.005 0.000 -0.004 -0.001
-0.001 -0.020 -0.012 -0.078 0.017 -0.012 -0.011 -0.009 0.008 0.007 -0.005 0.016 -0.013
0.000 0.000 0.000 -0.001 0.006 0.000 -0.001 0.000 0.000 0.000 0.000 -0.001 0.000
0.013 0.011 -0.009 0.007 -0.032 0.015 0.003 0.002 -0.005 -0.006 -0.002 0.002 0.006
-0.002 0.001 -0.003 0.000 -0.001 -0.014 -0.004 -0.001 -0.003 -0.003 -0.003 0.006 -0.005
0.030 0.016 -0.021 0.017 -0.050 0.109 0.013 0.005 -0.023 -0.027 -0.015 0.019 0.027
0.002 -0.004 0.006 -0.001 -0.003 0.008 0.025 0.007 0.005 0.005 0.013 -0.005 0.005
0.001 0.001 0.003 0.001 -0.001 0.001 0.009 0.005 0.005 0.005 0.006 0.002 0.005
0.003 0.001 -0.001 0.005 0.000 0.001 0.005 0.017 0.001 0.001 0.005 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 -0.001 -0.002 -0.001 -0.001 -0.001 0.000 -0.001
-0.184 -0.073 -0.086 -0.108 0.064 -0.199 -0.178 -0.030 -0.955 -0.950 -0.235 -0.114 -0.120
-0.021 -0.014 0.017 -0.021 0.029 -0.043 0.115 0.109 0.201 0.198 0.156 0.082 0.068
0.170 0.078 0.086 0.109 -0.065 0.195 0.164 0.029 0.877 0.882 0.205 0.091 0.115
-0.032 -0.017 0.028 -0.020 0.041 -0.053 0.123 0.111 0.208 0.211 0.164 0.085 0.074
-0.015 0.203 0.131 -0.003 0.048 0.228 0.507 0.266 0.236 0.223 0.960 0.019 0.341
0.014 -0.006 -0.041 -0.009 -0.008 0.018 -0.090 -0.077 -0.101 -0.101 -0.130 -0.030 -0.083
0.000 0.050 -0.040 -0.022 -0.026 -0.118 -0.054 -0.006 0.031 0.027 0.005 0.259 -0.035
0.001 -0.001 0.000 -0.005 -0.001 0.004 0.006 0.003 0.009 0.009 0.005 0.023 0.007
0.004 -0.002 -0.010 0.000 0.000 -0.008 -0.005 0.000 -0.003 -0.003 -0.009 0.003 -0.024
0.001 0.043 0.056 0.036 -0.040 0.052 0.110 0.070 0.070 0.073 0.133 0.064 0.207
-0.059 0.228 0.099 0.024 0.018 0.091 0.461 0.289 0.186 0.180 0.939 0.250 0.286
-0.033 0.080 0.370 -0.016 0.028 0.040 0.403 0.222 0.395 0.407 0.423 0.264 0.399
0.002 -0.004 0.001 0.001 0.000 -0.001 0.011 0.005 -0.178 0.158 0.901 0.065 -0.007
-0.004 -0.003 0.148 0.001 -0.001 0.004 0.004 -0.001 0.079 0.086 -0.055 0.006 0.083
* Significant at P=0.05 and ** at P=0.01 levels, respectively.

Chlorophyll Index

Canopy
Temp.@vs
Canopy
Temp.@pfs

Plant Height (cm)

Primary
Branches/ Plant

Secondary
Branches/ Plant

Total number of
Pods/ Plant

Effective Pods
/Plant

Biological Yield

Harvest Index (%)

Seed index(g)

Grain yield /plant

Partial R
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Table.1 Analysis of variance for fifteen quantitative characters of 36 chickpea genotypes under
normal and late sown conditions

REPLICATION
(d.f.=1)
N L

Days to 50% flowering 0.014 0.681
Days to maturity 9.389 6.125
Chlorophyll index 9.329 0.025
Canopy temp. @ VS 2.029 0.016
Canopy temp. @ PFS 4.093 2.286
Plant height (cm) 0.250 0.356
Primary branches 0.142 0.002
Secondary branches 0.020 0.405
Total pods per plant 4.799 3.911
Effective pods per plant 2.534 1.237
Biological yield (g) 0.086 11.211
Harvest index (%) 0.091 21.275
Seed index (g) 2.170 0.586
Grain yield per plant (g) 0.0361 3.849
Grain yield (kg/ha) 86863.12  3096.47

The result of association analysis indicated
for improvement of chickpea grain yield per
plant by selecting for number of primary
branches, number of secondary branches,
biological yield and harvest index in normal
sown condition while, under late sown
condition chlorophyll index, number of
primary branches, total number of pods per
plant, effective pods per plant, biological
yield, harvest index and 100- seed weight.
Days to 50% flowering had a negative direct
effect on grain yield per plant, however an
indirect positive effect was observed on grain
yield per plant via canopy temperature at pod
filling stage, biological yield and 100-seed
weight and indirect negative effect via days to
maturity, plant height, number of primary
branches, number of secondary branches, total
pods per plant and effective pods per plant
under normal sown condition while, in late
sown condition days to 50% flowering had
positive direct effect on grain yield per plant
however an indirect positive effect via days to
maturity, canopy temperature at vegetative
stage, plant height, number of primary

TREATMENT ERROR
(d.f.=35) (d.f.=35)

N L N L
23.38%* 23.80%* 9.56 6.45
19.34%* 4.48% 4.65 1.56
19.34* 15.10% 9.14 8.04

3.22% 2.93* 1.720 1.67
6.82* 2.42% 3.48 1.16
211.58%* 86.72%* 16.22 8.12
0.27** 0.33%* 0.034 0.03
1.56%* 1.47%* 0.34 0.35
2011.73** 403.35%* 101.17 255
2015.82%* 340.52%* 79.48 13.83
5508.20** 174.99%* 179.74 8.05
44.66%* 97.59** 15.86 36.41
110.37** 86.46%* 1.21 0.74
342.21%* 42.60%* 8.31 1.08

410704.19%*  146866.58**  54481.85  35022.62

branches harvest index and 100-seed weight
and an indirect negative effect via chlorophyll
index, canopy temperature at pod filling
stage, number of secondary branches, total
pods per plant, effective pods per plant and
biological yield.

Days to maturity had a negative direct effect
on grain yield per plant under both, normal
and late sown conditions, however an indirect
positive effect was observed on grain yield
per plant via chlorophyll index, plant height
and number of primary branches in normal
sown condition whereas in late sown
condition it was via canopy temperature at
pod filling stage, number of secondary
branches, total pods per plant, effective pods
per plant and harvest index. Chlorophyll
index had a positive direct effect on grain
yield per plant under both, normal and late
sown conditions however an indirect positive
effect was observed on grain yield per plant
via plant height, number of primary branches,
total pods per plant, effective pods per plant,
biological yield and 100-seed weight under
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normal condition and via days to maturity,
canopy temperature at vegetative stage,
canopy temperature at pod filling stage,
number of primary branches, number of
secondary branches, total pods per plant,
effective pods per plant biological yield and
100-seed weight.

Canopy temperature at vegetative stage had a
positive direct effect on grain yield per plant
under normal sown condition. However an
indirect positive effect was observed on grain
yield per plant via days to 50% flowering,
days to maturity, number of secondary
branches per plant, total pods per plant and
effective pods per plant. Under late sown
condition, canopy temperature at vegetative
stage had a negative direct effect on grain
yield per plant while canopy temperature at
pod filling stage, total pods per plant, and
effective pods per plant and harvest index had
a positive direct effect on grain vyield.
However an indirect positive effect was
observed on grain vyield per plant via
remaining characters. Canopy temperature at
pod filling stage had a positive direct effect
on grain yield per plant under normal sown
condition. However, an indirect negative
effect was observed on grain yield per plant
via canopy temperature at vegetative stage,
number of primary branches and harvest
index. Under late sown condition canopy
temperature at pod filling stage had a negative
direct effect on grain yield. However an
indirect positive effect was observed via days
to 50% flowering, days to maturity, canopy
temperature at vegetative stage, plant height,
number of primary branches, number of
secondary branches, harvest index and 100-
seed weight. Plant height had a negative
direct effect on grain yield per plant under
normal condition. However an indirect
positive effect was observed on grain yield
per plant via days to maturity and harvest
index in normal sown condition. Under late
sown condition plant height had a positive

direct effect on grain yield per plant. However
an indirect positive effect was observed on
grain yield per plant via days to 50%
flowering, days to maturity, canopy
temperature at vegetative stage, number of
primary branches, number of secondary
branches, harvest index and 100-seed weight.

Number of primary branches per plant had a
positive direct effect on grain yield per plant
under both conditions. However an indirect
positive effect was observed on grain yield
per plant via days to 50% flowering,
chlorophyll index, plant height, number of
secondary branches, total pods per plant,
effective pods per plant, biological yield and
100-seed weight in normal sown condition
whereas, in late sown condition, an indirect
positive effect was observed on grain yield
per plant via all the characters except canopy
temperature at pod filling stage. Number of
secondary branches per plant had a positive
direct effect on grain yield per plant under
normal condition. However an indirect
positive effect was observed on grain yield
per plant via days to 50% flowering, days to
maturity, canopy temperature at vegetative
stage, plant height, number of primary
branches, total pods per plant, effective pods
per plant and biological yield whereas in late
sown condition, a direct negative effect was
observed accompanied with an indirect
negative effect via number of primary
branches, total pods per plant, effective pods
per plant, biological yield and 100-seed
weight.

Total pods per plant had a negative direct
effect on grain yield per plant under normal
condition. However an indirect positive effect
was observed on grain yield per plant via
canopy temperature at pod filling whereas in
late sown condition total pods per plant had a
positive direct effect on grain yield per plant.
However an indirect positive effect was
observed on grain vyield per plant via
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chlorophyll index, canopy temperature at pod
filling stage, number of primary branches per
plant, number of secondary branches per
plant, effective pods per plant, biological
yield, harvest index and 100-seed weight.
Effective pods per plant had a positive direct
effect on grain yield per plant under both
conditions. However an indirect positive
effect was observed on grain yield per plant
via all the characters except canopy
temperature at pod filling whereas in late
sown condition, an indirect positive effect
was observed on grain yield per plant via
chlorophyll index, canopy temperature at pod
filling stage, number of primary branches per
plant, number of secondary branches per
plant, total pods per plant, biological yield,
harvest index and 100-seed weight. Biological
yield had a positive direct effect on grain
yield per plant under normal sown condition.
However an indirect positive effect was
observed on grain yield per plant via all the
characters except days to 50 % flowering and
canopy temperature at vegetative stage while
in late sown condition, biological yield had a
negative direct effect on grain yield per plant
and indirect negative effect was through all
the characters except days to 50% flowering
and plant height. Harvest index had a positive
direct effect on grain yield per plant under
both conditions.

However an indirect positive effect was
observed on grain yield per plant via days to
maturity, total pods per plant, effective pods
per plant, biological yield and 100-seed
weight. In late sown condition however an
indirect positive effect was observed on grain
yield per plant via all the characters except
days to maturity, canopy temperature at pod
filling stage and plant height. 100 seed weight
had a negative direct effect on grain yield per
plant. However an indirect positive effect was
observed on grain yield per plant via days to
50% flowering and harvest index while in late
sown condition 100 seed weight had a

negative direct effect on grain yield per plant.
However an indirect positive effect was
observed on grain yield per plant via all the
characters except canopy temperature at pod
filling stage.

On the basis of mean performance, the
genotypes PhuleG-13110, HI2-55, GNG
2215, GNG-469, GN 2213, DCP92-3 and
BRC-1were identified as the superior
genotypes for yield and yield attributing traits
viz. grain yield per plant, total number of
pods per plant, effective pods per plant,
primary branches per plant and 100-seed
weight under normal condition while, the
genotypes PhuleG-13110, HI2-55, BG 3043,
NBeG 507 and ICCV 15112 under late sown
condition.

Breeding strategies for improvement of yield
potential in chickpea genotypes under heat
stress would aim on selection of plants having
high chlorophyll index, number of primary
branches, total number of pods per plant,
effective pods per plant, high 100- seed and
biological yield, harvest index and considered
size of the seed and using these associated
characters may be useful to the breeder to
formulate appropriate breeding plans for
selection of the genotype which tolerate high
temperature condition while, under normal
condition emphasis should be given on
selection of characters viz. number of primary
branches, number of secondary branches,
biological vyield and harvest index for
improvement of grain yield.
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