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ABSTRACT

RILS derived from a cross between Swarnax 166s (Advanced BIL of Swarna x O. nivara)
were field evaluated in Rabi 2017-18, Rabi2018-19 and Kharif2019 considering the
importance of yield related traits in selection for improvement of grain yield. The Fs, Fg

Keywords and F; generations of the RILs were evaluated as three row families in RCB design with

two replicates using Swarna and 166s as checks at research farm, 1IRR, Hyderabad, India
Rils of Oryza under irrigated conditions. The observations were recorded for the traits plant height, total
nivara, Path number of tillers per plant, productive tillers per plant, biomass weight per plant, 1000-
Coefficient grain weight and single plant grain yield for which path coefficient analysis was carried
Analysis out. Analysis of variance revealed that the genotypes were significantly different for the
Article Info yield and other traits studied during three seasons, indicating the presence of high

genotypic variability among the genotypes. Path coefficient analysis revealed that
Accepted: productive tiller number per plant exerted the highest positive direct effect on single plant
12 January 2021 grain yield among the traits studied. This was followed by biomass weight per plant and
Available Online: plant height at both phenotypic and genotypic levels indicating that selection for these
10 Febriany 2071 traits would help to overall improvement of the grain yield in rice. Total tiller number per

plant at both phenotypic and genotypic levels and 1000-grain weight at genotypic level
showed negative direct effect with single plant grain yield.

Introduction

Rice (Oryza sativa L.) is possibly the oldest
domesticated grain (~10,000 years), is grown
all over the world (Purugganan, 2014)and one
of the world’s most valuable and important
food crop, cultivated in more than 100
countries and providing nutritional and
economic benefits for more than half of the
world population (Calingacion et al., 2014;
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Roy and Shil, 2020). Ninety per cent of the
world’s production and consumption of rice is
in Asia (FAO, 2016). Majority of the rice
produced is wused for direct human
consumption. Rice belongs to the genus
Oryza and has two cultivated species Oryza
sativa and Oryza glaberrima and 22 wild
species (Brar and Singh 2011; Shakiba and
Eizenga 2014).
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Rice yield needs to be continuously improved
to fulfill the future demands of increasing
population. Improvement of rice yield is the
most  challenging part in  breeding
programmes because the yield is the most
variable and complex trait influenced by
various environmental and genetic factors
(Pimsaen et al., 2010; Sreedhar et al., 2011;
Christopher and Sangodoyin, 2011).The vyield
level in the released varieties has plateaued
due to the narrow genetic base in the parental
lines used in breeding programs. Widening
the genetic base by hybridization and pre-
breeding is necessary to overcome the yield
barrier (Roy and Shil, 2020). One of the
alternatives  for  increasing  agriculture
production is to identify the genes lost or
weakened during the domestication process
and use them in subsequent targeted breeding
programmes (Shakiba and Eizenga, 2014).

Wild species of genus Oryza, with
tremendous variability, contains numerous
valuable genes for improvement of several
traits in cultivated rice. In India, Dhanarasi
and Jarava are two rice varieties released for
increased yield and they were derived from
crosses with O. rufipogon (Ram et al., 2007,
2010). DRRDhan 40, a medium duration rice
variety (BIL derived from Swarna x O.
nivaralRGC81848) was released  for
Maharashtra, West Bengal and Tamil Nadu
states of India (Haritha et al., 2016).

As a complex quantitative character, grain
yield does not exist in isolation and as a result
of an association with other traits form a
complex relationship that ultimately affects
the vyield. Relative contribution of each
component trait towards yield and their
interrelationship is explained through path
analysis. By path coefficient analysis, the
correlation coefficient of various traits can be
partitioned into direct and indirect effects, and
this helps to assess the nature of the
relationship and for effective selection for
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high yield. The present investigation was
undertaken to screen and detect the direct and
indirect effects of yield related traits on rice
genotypes derived from a cross between
Swarna and 166s.

Materials and Methods

Present investigation consisted of 151RILs of
a cross between Oryza sativa L. cv. Swarna
with 166s.Swarna, is a low-land high
yielding, indica rice variety while 166s is an
advanced backcross introgression line derived
from a cross between Swarna and Oryza
nivara by Indian Institute of Rice Research
(IRR), Hyderabad. The Fs, F¢ and F;
generations of the RILs were planted in the
research field at IIRR during Rabi 2017/18,
Rabi2018/19 and Kharif2019 at irrigated field
condition. One month old seedlings were
transplanted in the field at a spacing of 20cm
x 15 cm, as three row families in all three
seasons. One row consisted with ten plants
and for a replication there were thirty plants.
A randomized complete block design was
followed with two replications and Swarna
and 166s were used as check varieties. All the
recommended package of practices were
adopted to raise a good crop and observations
were recorded on plant height, number of
total tillers per plant, number of productive
tillers per plant, 1000-grain weight, biomass
weight per plant and single plant grain yield.
The direct and indirect effects of the
component traits on yield were estimated
using path coefficient analysis suggested by
Wright (1921) and Dewey and Lu (1959).
Direct and indirect effects at genotypic and
phenotypic levels were estimated based on
environment wise data and pooled data from
three seasons for 153 lines.

Results and Discussion

Crop vyield is the final
interaction of a number

product of the
of interrelated
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attributes of yield and component traits.
Therefore the efficiency of a selection
programme for yield is mainly based on the
direction and magnitude of associated traits.
The study of path correlation between
different traits may help the plant breeder to
know how the improvement of one trait will
change the expression of other traits
simultaneously.  Analysis of  variance
(Tablel.) along with path andcorrelation
coefficient analyses were performed for yield
and related traits for all the three seasons for
153 genotypes and results of environment
wise Rabi 2017/18 (Table2.), Rabi 18/19
(Table3.), Kharif 2019 (Table 4) and pooled
phenotypic and genotypic path correlations
(Table5.) were discussed and presented in
tables.

Since the correlation studies alone are not
sufficient to make the association analysis
very clear, assessment of real contribution of
individual character towards the grain yield
per plant become essential. Path coefficient
provides a clear and more realistic picture of a
complex situation that exists at correlation
level. It allows separation of the direct effect
and their indirect effects through different
attributes by partitioning the correlations
(Wright, 1921). Based on the data recorded on
the genotypes across three seasons in the
present investigation, the pooled phenotypic
and genotypic path correlations were
estimated to determine direct and indirect
effects of single plant grain yield and vyield
contributing characters.

Table.1 Analysis of variance for single plant grain yield and yield contributing
traits in Swarna x 166s RILs

Trait
Plant height
Total tiller number per plant

Productive tiller number per plant

1000-grain weight
Biomass per plant
** significant at p=0.01

Mean sum of square
67.724**

8.192**

7.404**

6.22**

34.146**

Table.2 Phenotypic and genotypic path path coefficients of single plant grain yield and yield

contributing traits in Swarna x 166s RILsin Rabi 2017/18

Trait P/G PH TN
PH P 0.122 0.018
G 0.181 0.143
TN P -0.011 -0.196
G -0.034 -0.765
PTN P -0.013 -0.194
G -0.040 -0.759
TGW P 0.014 0.026
G 0.022 0.127
BM P -0.001 -0.009
G -0.010 -0.067

PTN TGW BM Correlation
with SPY
-0.033 | -0.010 | -0.001 | 0.096
-0.203 | -0.014 |-0.004 | 0.103
0.305 0.011 0.005 0.115*
0.917 0.018 0.007 0.143*
0.308 0.012 0.005 0.118*
0.924 0.017 0.007 0.149**
-0.042 -0.086  0.002 -0.086
-0.139 -0.110 | 0.001 0.099
0.016 -0.002 0.099 0.102
0.085 -0.002 0.075 0.081

PH-Plant height, TN- Total tiller number/plant, PTN- Productive tiller number/plant,
TGW- 1000-grain weight, BM- Biomass weight/plant, SPY- Single plant grain yield

P-Phenotypic level, G-Genotypic level
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Table.3 Phenotypic and genotypic path path coefficients of single plant grain yield and yield
contributing traits in Swarna x 166s RILsin Rabi 2018/19

[ Trait P/IG PH TN PTN TGW BM Correlation

with SPY

| G | 0014 | -2478 | 2612 | 0045 | 0197 |  0.306**
| G | 0000 | 0326 -0.033

G -0.038 -0.755 1.023 -0.019 0.504 0.715**

Table.4 Phenotypic and genotypic path path coefficients of single plant grain yield and yield
contributing traits in Swarna x 166s RILsin Kharif 2019

Trait P/IG PH TN PTN TGW BM Correlation with
SPY

| | |

G | 0005 -0.023 0.308**
| | |

G | -0.002 0.062**
|

G -0.036 -0.633 0.521 -0.034 0.643 0.462**

Table.5 Pooled Phenotypic and genotypic path coefficients of single plant grain yield and yield
contributing traits in Swarna x 166s RILs over three seasons

Trait P/IG PH TN PTN TGW BM Correlation
with SPY
| |

|

| G | 0235 0.386 -0.438 0.000 0.103 PR
| | |

| G | -0057 | -1585 1592 | 0.005 | 0.079 0.034
| | |

| G | -0.063 0.068
|

| |
| G | 0.000 0.345 -0.327 -0.021 0.005 0.001
| | |
| G | 0081 -0.420 0.370 0.000 0.298 0.329**
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Direct effects on grain yield

When considering the direct effects of traits
across the environments; in Rabi 2017/18
among the traits studied, except total tiller
number per plant and 1000-grain weight the
other traits showed positive association with
single plant grain yield at both phenotypic and
genotypic levels. Productive tiller number per
plant had the highest direct effect on single
plant grain yield followed by plant height and
biomass weight per plant. Productive tiller
number per plant and total tiller number per
plant had positive and significant correlation
with single plant grain yield.

In Rabi 2018/19all the traits had significant
positive correlation with single plant grain
yield. Total tiller number per plant had
negative direct effect at both phenotypic and
genotypic levels and at genotypic level only
plant height showed negative direct effect. All
the other direct effects were positive.
Productive tiller number per plant had the
highest direct effect on single plant grain
yield followed by biomass weight per plant
and 1000-grain weight at both levels.

In  Kharif2019, except negative non-
significant correlation of 1000-grain weight at
phenotypic level all the other traits were
correlated positively with single plant grain
yield. Total tiller number per plant had
negative direct effect at both phenotypic and
genotypic levels and at genotypic level only
plant height showed negative direct effect. All
the other direct effects were positive.
Productive tiller number per plant had the
highest direct effect on single plant grain
yield followed by biomass weight per plant
and 1000-grain weight at both levels. The
pattern of direct effects in Kharif 2019 was
same as the pattern showed in Rabi 2018/19.

The pooled data of all the three environments
showed that, plant height and biomass weight
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per plant had significant correlation with
single plant grain yield at both genotypic and
phenotypic levels. Total tiller number per
plant and productive tiller number per plant
had significant association with single plant
grain yield at phenotypic level only. The
direct effects of total tiller number per plant at
both levels and 1000-grain weight at
genotypic level had negative direct effects.
Productive tiller number per plant had the
highest positive direct effect followed by
biomass weight per plant and plant height at
both phenotypic and genotypic levels and
indicated their importance and relative
contribution to increase the grain yield per
plant in rice in a selection programme.
Similar findings were reported by Meena et
al., 2020; Golam et al., 2015;Rahman et al.,
2014, Jadhav et al.,2018; Krantikumar et al.,
2016;Naseer et al., 2015; Nagaraju et al.,
2013, for plant height;Meena et al., 2020;
Akter et al., 2019;Kiranmayee et al., 2018;
Rathod et al.,2 016; Golam et al,
2015;Kishore et al., 2015; Rahman et al.,
2014;Hasan et al., 2013 for productive tiller
number per plant; Jadhav et al., 2018;Ravi et
al., 2014 for negative direct effect of total
tillers per plant. Patel et al., 2014 reported
that straw vyield per plant had the highest
positive direct effect on grain yield.

Indirect effects on grain yield

When considering the indirect effects of the
component traits on single plant grain yield,
in Rabi 2017/18 total tiller number per plant
and the productive tiller number per plant had
significant association with single plant grain
yield at both phenotypic and genotypic levels.
The positive effect of tiller number per plant
with the single plant grain yield was nullified
by the direct effect and among the traits
studied productive tiller number per plant had
indirect effect to increase the single plant
grain yield. The positive effect of productive
tiller number per plant with the single plant
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grain yield was mainly due to the direct effect
itself. The positive relationships of plant
height and biomass per plant with single plant
grain yield mainly due to the direct effects of
the traits.

In Rabi 2018/19 all the traits studied showed
positive correlation with single plant grain
yield at both phenotypic and genotypic levels.
Plant height showed positive effect with
single plant grain yield mainly due to the
indirect effect of biomass weight per plant.
The positive effect of total tiller number per
plant on single plant grain yield was nullified
by the direct effect and supported by the
indirect effect of productive tiller number per
plant. The positive effect of productive tiller
number per plant on single plant grain yield
mainly due to the direct effect of the trait and
the indirect effect of biomass weight per
plant. The positive effect of 1000-grain
weight was mainly due to it’s direct effect.
The positive effect of biomass weight per
plant on single plant grain yield was due to
the direct effect of the trait and the indirect
effect productive tiller number per plant,
revealing the close relation between the traits
of biomass weight per plant and productive
tiller number per plant.

In Kharif 2019 except the phenotypic effect of
1000-grain weight all the other traits had
significant positive effect on single plant
grain yield. The direct effect of plant height at
phenotypic level caused the improvement of
the character and, when direct effect at
genotypic level nullified, it the indirect effect
of biomass weight per plant affected
positively. The direct effect of total tiller
number per plant nullified the positive effect
on single plant grain yield. Phenotypic effect
of plant height and genotypic effect of
productive tiller per plant and biomass weight
per plant indirectly affected to increase the
character. The positive correlation of
productive tiller number per plant with single
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plant grain yield was due to the direct effect
of the trait and indirect effect of the biomass
weight per plant. The 1000-grain weight was
mainly increased by the direct effect and the
indirect effect of total tiller number at
genotypic level. The positive correlation of
biomass weight per plant with single plant
grain yield was mainly due to the direct effect
of biomass weight per plant and the indirect
effect of total tiller number per plant.

The pooled path analysis for three season data
recorded that; plant height and biomass
weight per plant had positive effect on single
plant grain yield at both phenotypic and
genotypic levels. Total tiller number per plant
and productive tiller number per plant
affected significantly at phenotypic level. The
positive effect of plant height on single plant
grain yield mainly due to the direct effect of
the trait and indirect effects of total tiller
number plant and biomass weight per plant.
Total tiller number per plant had positive
effect on single plant grain yield mainly due
to productive tiller number per plant, but its
direct effect was negative. Productive tiller
number per plant had positive effects on
single plant grain yield mainly due to the
direct effect of the character and indirect
effect of biomass weight per plant. Biomass
weight per plant had the highest positive
correlation on single plant grain yield mainly
due to its direct effect and indirect effect of
productive tiller number per plant.

The genotypic residual effect and the
phenotypic residual effects of the present
study were 0.75124 and 0.73806 respectively
indicating that these characters alone
contributed for variability in grain yield by 25
percent genotypically and 27 percent
phenotypically. This gives an impression that
some other major characters also contribute to
the variability of grain yield. This residual
effect towards yield may be due to different
reasons, such as other main characters which
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are not included in the study, sampling errors
or environmental factors etc. Therefore
phenotyping and analyzing more number of
characters could be preferred based on traits
mainly contributing to the variance of grain
yield.

Ratna et al., 2015, reported residual effect of
0.170 indicating about 83% of the variability
in grain yield was contributed by the eleven
characters studied viz., plant height, days to
50% flowering, days to maturity, number of
effective tillers/plant, number of ineffective

tillers/plant, number of total tillers/plant,
panicle  length, number of filled
spikelet/panicle,  number  of  unfilled
spikelets/panicle, number of total

spikelets/panicle, weight of 1000-seeds in
path analysis. In a study of path analysis
Akter et al., 2019 reported residual effect of
0.017, by using eight yield contributing traits
viz., days to maturity, number of effective
tiller per square meter, plant height, panicle
length, number of spikelets per panicle,
spikelet fertility, panicle weight and 1000-
grain weight. This indicated that about 98
percent of variability in grain yield might be
contributed by these characters.

In conclusion, the path analysis revealed that
that the traits productive tiller number,
biomass weight per plant and plant height had
direct effect with single plant grain yield at
both phenotypic and genotypic levels. Total
tiller number at both levels and 1000-grain
weight at genotypic level had negative direct
effect on single plant grain yield. Productive
tiller number per plant had a close
relationship with the biomass yield per plant
to enhance the trait single plant grain yield.
Therefore, this investigation reveals the
importance of simultaneous selection for
productive tiller number, biomass weight per
plant and plant height to increase the single
plant yield in rice crop.
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