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ABSTRACT

The experiment was conducted in a population comprising 30 F4 families of rice (Oryza sativa L.) derived
from 15 different crosses. The effects of 10 yield components viz., plant height, panicle length, flag leaf area,
panicle number, number of primary and secondary branches panicle-1, spikelet number panicle-1, spikelet
ferilty per cent, 100-grain weight, grain yield panicle-1 on grain yield plant-1 were studied. Association
studies indicated that correlations of grain yield with primary branches panicle-1, secondary branches panicle-

1, number of spikelet and grain yield panicle-1 were positive and significant at both genotypic and phenotypic
levels. Path analyses at both genotypic and phenotypic revealed that the direct selection for primary branches
panicle-1 and secondary branches panicle-1 with restricted selection for number of panicles, length for panicle
and 100-grain weight will increase the yield of rice in the population under study comprising F4 families of
rice.

Key words: Correlation coefficient, Path coefficient, Yield components, Grain yield, F4 families, Rice.

Introduction

Rice is one of the most important staple foods for
more than 3.5 billion people in the world. The role of
rice is inevitable and it is one of the most important
strategic crops for food and nutrition security glo-
bally. In India, it is the major cereal and provides
21% of global human per capita energy and 15% of
per capita protein (FAO, 2012). Although it is culti-
vated widely in India, the current exponential
growth in the population makes it insufficient and
thus, its demand increases enormously. Therefore,
to achieve self-sufficiency in production and to
maintain price stability, more variability is required
to develop new higher-yielding varieties. Variability
in rice generally exists in germplasm collection and
when this is often exploited to a maximum extent by
way of selection, additional variability can be cre-

ated by crossing the suitable parents.
Grain yield is a complex polygenic quantitative

trait that is greatly affected by the environment.
Hence, the selection of superior genotypes based on
yield as such is not effective. Therefore, in any
breeding programmes selection has to be made for
the components of grain yield to ensure food secu-
rity. Correlation is an important factor for selection
which measures the association between characters
and helps to identify important characters to be con-
sidered for making an effective selection. Correla-
tion along with direct and indirect effects of path
analysis helps in identifying suitable selection crite-
ria for improving the yield. The present investiga-
tion was carried out in 30 F4 families of rice derived
from 15 different crosses to understand the cause-
effect relationship of yield components of seed yield.
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Materials and Methods

The experimental materials comprised the F4 seeds
borne on selected 30 individual F3 plants derived
from 15 different crosses (Table 1). The crop was
raised during kharif season (July-December) in Agri-
culture Farm, Institute of Agriculture, Visva-Bharati,
Sriniketan.  The experimental site is situated at
23019’ N latitude and 870 42’ E longitude and at an
altitude of 58.9 m above sea level. The average rain-
fall ranges from 1300 to 1600 mm prevailing sub-
tropical humid climatic conditions. The soil is sandy
loam in texture with medium to low fertility status
and acidic in nature, representing more or less red
and lateritic soils. The seeds of 30 F4 families were
sown separately in the seedbed. Thirty-day old
single seedling per hill was transplanted in random-
ized complete block design (RCBD) with three rep-
lications. Each plot consisted of 4 rows each with 20
plants with a spacing of 20 cm × 15 cm. Standard
agronomic packages and practices were followed to
raise a good and healthy crop. Data were recorded
on randomly selected 20 plants from each plot in
each replication. Statistical analyses were done fol-
lowing standard procedures.

Results and Discussion

The genotypic and phenotypic correlations between
eleven quantitative characters (Table 2) revealed
that grain yield exhibited significant and positive
correlation at both genotypic and phenotypic levels
with primary branches panicle-1, secondary branches

panicle-1, number of spikelet and grain yield panicle-

1. A strong correlation of grain yield with these traits
indicates that improvement in grain yield would be
possible through the selection of these characters.
These results were in conformity for primary
branches panicle-1 and secondary branches panicle-1

(Biswash et al., 2015;  Nath and Kole, 2021) and for
the number of spikelets (Sameera et al., 2016;
Swapnil et al., 2020; Nath and Kole, 2021). However,
spikelet fertility exhibited a negative non-significant
correlation with grain yield which is as per the find-
ings of Rai et al. (2013).

Plant height registered positive and significant
correlation at both levels with panicle length, flag
leaf area, secondary branches panicle-1, number of
spikelets and 100-grain weight, while it showed
negative and non-significant association with the
number of panicles. The results of correlations of
plant height are in agreement with the reports of Ria
et al. (2015) for the number of spikelets; Swapnil et al.
(2020), Saha et al. (2019) and Bhargava et al. (2021)
for panicle length; Kishore et al., (2018) for 100-grain
weight; and Hossain et al. (2018) for secondary
branches panicle-1. Plant height showed a negative
association with the number of panicles (Ketan and
Sarkar, 2014; Kishore et al., 2018). The results re-
vealed that taller plants have bold seeds with less
number of effective tillers and spikelet fertility.

Panicle length exhibited a positive and significant
correlation at both levels with flag leaf area, second-
ary branches panicle-1, number of spikelets and 100-
grain weight. But, it revealed a negative non-signifi-
cant correlation with the number of panicles, spike-

Table 1. List of 30 F4 Families

Family No. Pedigree of cross Family No. Pedigree of cross

1 Sitabhog × IET 14142 (1) 16 Kerala Sundari × IET 14143(2)
2 Sitabhog × IET 14142 (2) 17 Kerala Sundari × IET 14143 (3)
3 Sitabhog × IET 14142 (3) 18 Kerala Sundari × IET 14143 (4)
4 Sitabhog × IET 14143 (1) 19 Kerala Sundari × IET 14143 (5)
5 Sitabhog × IET 14143 (2) 20 Kerala Sundari × Kalonunia (1)
6 IET 14142 × Subhasita (1) 21 Kerala Sundari × Kalonunia (2)
7 IET 14142 × Subhasita (2) 22 Shantibhog × Kerala Sundari (1)
8 IET 14142 × Dudheswer 23 Shantibhog × Kerala Sundari (2)
9 IET 14142 × Kalonunia (1) 24 Shantibhog × Subhasita
10 IET 14142 × Kalonunia (2) 25 Shantibhog × Kalonunia
11 Shantibhog × IET 14142 (1) 26 IET 14143 × Kalonunia (1)
12 Shantibhog × IET 14142 (2) 27 IET 14143 × Kalonunia (2)
13 Kerala Sundari × IET 14142 (1) 28 IET 14143 × IET 14142 (1)
14 Kerala Sundari × IET 14142 (2) 29 IET 14143 × IET 14142 (2)
15 Kerala Sundari × IET 14143 (1) 30 Chamarmoni × Sitabhog
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let fertility and grain yield. The positive association
of panicle length with 100-grain weight is in agree-
ment with the report of Vanishree et al. (2013) and
Ali et al. (2018) for secondary branches panicle-1,
whereas a negative correlation of panicle length
with spikelet fertility has been reported by Sameera
et al. (2016).

Flag leaf area showed a positive significant corre-
lation with secondary branches panicle-1,100-grain
weight and grain yield panicle-1 and negative signifi-
cant correlation with the number of panicle and
spikelet fertility. Similar results were reported for
spikelet fertility  (Kafi et al., 2021) and for the test
weight (Kafi et al., 2021).  Primary branches panicle-

1 showed a positive significant correlation with sec-
ondary branches panicle-1, the number of spikelet,
and grain yield panicle-1 and negative non-signifi-
cant correlation with spikelet fertility. Hossain et al.
(2018) reported similar results for secondary
branches panicle-1 and grain yield panicle-1. Second-
ary branches panicle-1 showed a positive significant
correlation with number of spikelets and a negative
association with spikelet fertility. Ketan and Sarkar
(2014) reported similar results for number of spike-
lets. Number of spikelet showed positive significant
correlation with grain yield panicle-1 and negative
significant correlation with spikelet fertility. Spike-
let fertility showed negative non-significant correla-
tion with 100-grain weight and grain yield panicle-1.
Hundred-grain weight showed positive significant
correlation with grain yield panicle-1 and grain yield
plant-1. Positive association of 100-grain weight, with
grain yield panicle-1 is in accordance with findings of
Prasad et al. (2015) and Bagati et al. (2016).

The genotypic correlation coefficients were
higher than phenotypic correlation co-efficient in
majority of the cases. This indicated a robust inher-
ent association between the characters studied and
the suppressive effect of the environment modified
the phenotypic expression of those characters by
reducing phenotypic correlation values (Johnson et
al., 1955). Therefore, priority should  be given to
those traits that has high positive correlation with
grain yield such as primary branches panicle-1, sec-
ondary branches panicle-1 and number of spikelet
while making selection for yield improvement.

Path coefficient analysis

Path co-efficient analysis provides an efficient
means of checking out the direct and indirect causes
of association (Wright, 1921). Ten different yield

components were under investigation. High direct
effect along with positive and high indirect effects
through other traits provides a better chance for a
character to be selected in breeding programs (Gour
et al., 2017).

  In case of genotypic path analysis (Table 3) grain
yield panicle-1 (0.66) exhibited the highest positive
direct effect followed by primary branches panicle-

1 (0.54), number of panicles (0.50), plant height
(0.48), number of secondary branches panicle-1 (0.38)
and flag leaf area (0.316). The correlation of this
character with grain yield was positive and highly
significant. Positive direct effects of the aforesaid
traits on grain yield indicated their importance in
the improvement of grain yield. Similarly, high posi-
tive direct effect had been reported earlier  for pri-
mary branches panicle-1 (Rai et al., 2013); number of
panicles (Kole et al., 2008; Ria et al., 2015; Prasad et
al., 2015 and Sameera et al., 2016); flag leaf area (Saha
et al., 2019); and number of secondary panicle-1

(Hossain et al., 2018). Some traits expressed negative
direct effect such as the number of spikelets (-0.55),
panicle length (-0.38) and 100-grain weight (-0.37),
suggesting the non-reliablility of theses traits for se-
lection in yield improvement. Similar result were
reported earlier for 100-grain weight (Ketan and
Sarkar, 2014; Patroti et al., 2015); and panicle length
(Patroti et al., 2015 and Sameera et al., 2016 and Kafi
et al., 2021). The low residual effect (0.19) for the ge-
notypic path analysis indicated that the 81% vari-
ability in grain yield was contributed by the ten
component characters.

In terms of phenotypic path coefficient analysis
(Table 4), grain yield panicle-1 (0.87) exhibited the
highest positive direct effect and significant positive
association with grain yield followed by the number
of panicles (0.57), secondary branches panicle-1

(0.16), number of spikelet (0.053), plant height
(0.053), primary branches (0.045) and flag leaf area
(0.023). Grain yield panicle-1 showed the highest
positive direct effect (0.87) and positive indirect ef-
fects through all the characters except the number of
panicle, 100-grain weight and panicle length. The
correlation of this character with grain yield was
very high and positive. Similar results were re-
ported for number of panicles (Swapnil et al., 2020),
number of spikelet (Swapnil et al., 2020), flag leaf
area ( Saha et al., 2019) and secondary branches
panicle-1 (Hossain et al., 2018). It exhibited negative
direct effects for panicle length (-0.085), spikelet fer-
tility (-0.038) and 100-grain weight (-0.003). The re-
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sidual effect (0.34) was moderate at the phenotypic
path, indicating that a considerable amount of the
variation in yield has been accounted for by the
characters studied.

The overall results of both genotypic and pheno-
typic path analysis revealed that the direct selection
for primary branches panicle-1 and secondary
branches panicle-1 with restricted selection for num-
ber of panicles, length for panicle and 100-grain
weight will increase the grain yield of rice in the
population under study comprising F4 families of
rice.

Conclusion

In a nut shell, the estimates of genotype and pheno-
type coefficients of correlation of primary branches
panicle-1, secondary branches panicle-1, number of
spikelet and grain yield panicle-1 with grain yield are
positive and highly significant at both the levels in-
dicating their role in determining grain yield. The
results of both genotypic and phenotypic path
analysis revealed that the direction of selection for
the number of panicles, primary branches panicle-1

and secondary branches panicle-1 with restricted se-
lection for panicle length and 100-grain weight will
increase the yield of rice in the segregating popula-
tion comprising F4 families of rice.
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