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Abstract
The experiment was carried out to explore correlation and path co-efficient analysis in 26 genotypes under two environment
namely submergence and normal condition. The twelve characters were recorded. The genotypic correlation coefficient
showed higher magnitude than phenotypic correlation co-efficient which indicate masking (or) modifying effect of environment.
Under submergence condition the trait grain yield per plant had positive and significant correlation with days to flowering,
number of tillers per plant, number of panicles per plant, panicle length and inter cellular CO2 concentration at both genotypic
and phenotypic level. But in normal condition grain yield per plant had positive and significant correlation with days to first
flowering, plant height, number of tillers per plant, number of panicles per plant, photosynthetic rate, stomatal conductance
and inter cellular CO2 concentration at both phenotypic level. So it could be inferred that grain yield per plant and other above
mentioned traits could be used as selection criteria for the improvement grain yield per plant. Scrutiny in path analysis
indicated maximum direct effect on grain yield was exhibited by number of panicles per plant under submergence and normal
condition. Hence the trait should be taken in account of breeding programme to develop maximum threshold yield obtaining
new rice varieties and hybrids.
Key words: Correlation and Path analysis in rice,  Under submergence, normal environment

Introduction
Rice is a cereal crop belonging to genus Oryza of

family Poaceae and tribe Oryzeae. The two cultivated
rice species, Oryza sativa L. (Asian Rice) and Oryza
glaberrima Steud, (African Rice), belongs to a species
group called Oryza sativa complex together with the
five wild taxa, O. rufipogon, O. longistaminata Chev.
et Roehr., O. barthii A. Chev., O. glumaepatula Steud.
and O. meridionalis Ng. It is an important cereal crop,
grown under diverse agro-ecological conditions. It is also
a major food crop, as it ranks second to wheat among
the most cultivated cereals in the world. To feed the ever
growing population, the targeted rice production of World,
China and India for the year 2030 were envisaged as
771.02, 168.90 and 130.02 million tonnes respectively.

Correlation coefficient analysis measures the mutual
relationship between various plant characters and
determines the component characters on which selection
can be based for genetic improvement in yield. Grain
yield is a complex character and is the end - product of

various traits. Therefore knowledge regarding the
correlation of grain yield with other component characters
is valuable for understanding the correlated response to
selection for yield. Path coefficient analysis is helpful to
recognize direct and indirect causes of correlation and
also enables us to compare the causal factors on the
genetic basis of their relative contributions. Hence the
present study of correlation and path analysis would serve
path for future breeding programmes.

Materials and Methods
The present investigation was carried out to study

the submergence tolerance of 26 rice genotypes including
submergence tolerant check variety Swarna sub 1 during
Samba, 2016. The pot culture studies carried out at the
pot culture yard of Department of Genetics and Plant
Breeding Faculty of Agriculture, Annamalai University,
Annamalainagar, Tamil Nadu. The statistical analysis
carried out to study the genetic divergence, variability
and character association of the selected rice genotypes.
The experimental material for this genetic divergence
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study comprised of twenty six genotypes collected from Directorate
of Rice Research, Hyderabad. The details of the materials are
presented in table 1.

data were utilized for the statistical analysis.

Result and Discussion
Correlation Studies

Estimates of correlation between yield and
yield component characters in rice genotypes in
normal and submergence condition are
presented in (Tables 2 and 3).

In normal condition days to first flowering
had negatively by significant correlation with
plant height at both genotypic level while in
submergence it had positive significant
correlation with photosynthetic rate, stomatal
conductance, inter cellular CO 2 conc.,
transpiration rate and grain yield per plant at both
genotypic and phenotypic level. In normal
condition, it had positive significant correlation
with number of tillers per plant, thousand grain
weight and grain yield per plant at both genotypic
and phenotypic level. While in submergence
condition this character had positive significant
correlation with panicle length at genotypic level.
Other characters at both phenotypic and
genotypic level were low values.

In normal condition, number of tillers per
plant had positively significant correlation with
number of panicles per plant, stomatal
conductance, Inter cellular level and grain yield
per plant at both genotypic and phenotypic level.
It had positive significant correlation with
thousand grain weight and negatively significant
with panicle length at genotypic level. In
submergence condition, it had positive correlation
with number of panicles per plant, stomatal
conductance, inter cellular CO2 conc. and grain
yield per plant at both genotypic and phenotypic
level. In normal condition, this trait had positively
significant correlation with panicle length,
thousand grain weight, photosynthetic rate and
grain yield per plant at both phenotypic and
genotypic level. In submergence condition the
character had positively significant correlation
with panicle length, inter cellular CO2 conc. and
grain yield per plant at genotypic and phenotypic
level.

In normal, this trait had positively significant
correlation with grain yield per plant and all other
characters were low and negligible values. In
submergence condition this character had
positively significant correlation with thousand
grain weight and grain yield per plant positively

Table 1: List of Genotypes used in Study

Genotypes Variety Origin

G1 AURC 4101 Directorate of Rice Research, Hyderabad
G2 AURC 4102 Directorate of Rice Research, Hyderabad
G3 AURC 4103 Directorate of Rice Research, Hyderabad
G4 AURC 4104 Directorate of Rice Research, Hyderabad
G5 AURC 4105 Directorate of Rice Research, Hyderabad
G6 AURC 4106 Directorate of Rice Research, Hyderabad
G7 AURC 4107 Directorate of Rice Research, Hyderabad
G8 AURC 4108 Directorate of Rice Research, Hyderabad
G9 AURC 4109 Directorate of Rice Research, Hyderabad
G10 AURC 4110 Directorate of Rice Research, Hyderabad
G11 AURC 4111 Directorate of Rice Research, Hyderabad
G12 AURC 4112 Directorate of Rice Research, Hyderabad
G13 AURC 4113 Directorate of Rice Research, Hyderabad
G14 AURC4114 Directorate of Rice Research, Hyderabad
G15 AURC4115 Directorate of Rice Research, Hyderabad
G16 AURC4116 Directorate of Rice Research, Hyderabad
G17 AURC4117 Directorate of Rice Research, Hyderabad
G18 AURC4118 Directorate of Rice Research, Hyderabad
G19 AURC 4122 Directorate of Rice Research, Hyderabad
G20 AURC4125 Directorate of Rice Research, Hyderabad
G21 AURC 4127 Directorate of Rice Research, Hyderabad
G22 AURC 4133 Directorate of Rice Research, Hyderabad
G23 AURC 4135 Directorate of Rice Research, Hyderabad
G24 AURC 4138 Directorate of Rice Research, Hyderabad
G25 AURC 4139 Directorate of Rice Research, Hyderabad
G26 (Swarna Sub 1) International Rice Research Institute

(IRRI) Philippines

Pot Culture Studies under Submergence
The seeds of each genotyps of rice were sown directly in pots

during samba, 2016 (Aug. - Dec.) and the seedlings were thinned
on tenth day after sowing, leaving three sturdy healthy seedlings
per pot. Tillering stage plants were submerged in an outdoor cement
concrete tank with a water depth of 1.5 m for 7 days the same rice
genotype in pots without submergence was kept as control.

The experimental design was RBD with three replications.
Eleven traits were recorded on single plant basis in three randomly
selected plants of the each genotypes per replication.

The observations were recorded in normal and submerged plants
on days to first flower, plant height, number of tillers per plant,
number of panicles per plant, panicle length, 1000 grain weight,
photosynthetic rate, stomatal conductance, intercellular CO2
concentration, transpiration rate and grain yield per plant. The mean
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significant correlation at both genotypic and phenotypic level.
It also had negative correlation with all other characters.

Thousand grain weight in normal condition positively
significant correlation with photosynthetic rate at both
genotypic and phenotypic level and with grain yield per plant
at phenotypic level. In submergence condition this trait had
positively significant correlation with in Inter cellular CO2
conc. at both genotypic and phenotypic level.

In normal condition, the photosynthetic rate recorded
positively significant correlation with stomatal conductance,
inter cellular CO2 conc. and grain yield per plant at both
genotypic and phenotypic level. This trait had positive
significant correlation with Intercellular CO2 conc. at genotypic
and phenotypic level in submergence condition, and all other
character were low non-significant values. The stomatal
conductance registered positively significant correlation with
grain yield per plant at both genotypic and phenotypic level.
And this trait had significantly positive correlation with
transpiration rate at both genotypic and phenotypic level under
normal condition. In submergence, this character had positively
significant correlation with transpiration rate at genotypic and
phenotypic level. Other characters were low values. In normal
condition, the intercellular CO2 conc. had positively significant
correlation with grain yield per plant and transpiration rate at
both genotypic and phenotypic level. In submergence
condition, this trait had positively significant correlation with
grain yield per plant at both genotypic and phenotypic level.
Other traits in normal and submergence recorded low values.
Transpiration rate had positive significant correlation with grain
yield per plant in both normal and submergence condition at
genotypic level only. The all other characters registered low
and negligible values.
Path Co-efficient Analysis

Direct effect
In normal, the traits number of panicles per plant, panicles

length, 1000 grain weight, stomatal conductance and
intercellular CO2 conc. had very high positive direct effect on
grain yield per plant. While number of tillers per plant,
photosynthetic rate and transpiration rate had very high
negative direct effect on grain yield per plant. Days to first
flowering had moderate positive and plant height had moderate
negative direct effect on grain yield per plant. In submergence,
the trait number of panicles per plant has very high positive
direct effect; number of tillers per plant had very high negative
direct effect on grain yield per plant, days to first flowering,
plant height and transpiration rate had high positive direct
effect; photosynthetic rate has high negative direct effect on
grain yield per plant. Other traits had low or negligible positive
and negative effect. (Table 4)
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Indirect Effect
In normal; this trait had very high positive indirect effect

via panicle length and stomatal conductance on grain yield per
plant; very high negative indirect effect via number of panicles
per plant, high positive indirect effect thorough 1000 grain weight
and negative indirect effect via photosynthetic rate. This trait
had moderate positive indirect effect through number of tillers
per plant and negative indirect effect via intercellular CO2 conc.
other traits were low and negligible value. In submergence,
days to first flowering had high positive indirect effect on grain
yield for plant via number of panicles per plant and moderate
negative indirect effect via number of tillers per plant. Others
characters had low and negligible indirect effect.

In normal condition, plant height had high positive indirect
effect on grain yield per plant through 1000 grain weight,
intercellular CO2conc. and transpiration rate; high negative
indirect effect via photosynthetic rate and stomatal conductance;
moderate negative indirect effect via plant height and number
of panicles per plant. In submergence, this trait had high positive
indirect effect via number of tillers per plant, intercellular
CO2conc. and days to first flowering moderate negative indirect
effect via photosynthetic rate.

In normal, number of tillers per plant had very high positive
indirect effect on grain yield per plant via number of panicles
per plant and stomatal conductance; very high negative indirect
effect through panicle length, thousand grain weight and
photosynthetic rate; low positive indirect effect via inter cellular
CO2 conc; low negative indirect effect via transpiration rate.

In submergence, number of tillers per plant had very
high positive indirect effect via and number of panicles per
plant and high positive indirect effect via days to first flowering
on grain yield per plant; moderate negative indirect effect via
photosynthetic rate and inter cellular CO2conc. on grain yield
per plant. Other traits were low and negligible value.

In normal, this trait had very high positive indirect effect on
grain yield per plant via thousand grain weight and very high
negative indirect effect via number of tillers per plant, panicle
length and photosynthetic rate; high positive indirect effect via
stomatal conductance; low positive indirect effect via inter
cellular CO2conc. Other characters had negligible indirect
effects.

In submergence, this trait had high positive indirect effect
on grain yield per plant via plant height, number of tillers per
plant, panicle length and other traits had negligible values.

In normal, the panicle length had very high positive indirect
effect via number of tillers per plant; very high negative indirect
effect via number of panicles per plant, on grain yield per plant.
This trait had high negative indirect effect via thousand grain
weight moderate positive indirect effect via  stomatal
conductance and inter cellular CO2conc. on grain yield per plant.Ta
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In submergence, this trait had high positive indirect
effect on grain yield per plant via number of tillers per
plant and number of panicles per plant, moderate positive
indirect effect via thousand grain weight on grain yield
per plant, low positive indirect effect via Inter cellular
CO2 conc..

In normal, this trait was recorded very high positive
indirect effect via number of tillers plant; very high
negative indirect effect via number of panicles plant and
photosynthetic rate on grain yield per plant; high positive
indirect effect via panicle length; moderate positive indirect
effect via stomatal conductance and transpiration rate
on grain yield per plant, other traits were positive and
negative low values. In submergence, this trait had high
positive indirect effect via plant height; High negative
indirect via panicle length on grain yield per plant and
moderate positive indirect effect via photosynthetic rate,
Intercellular CO2conc. on grain yield per plant. Other
traits were positive and negative low values.

In normal condition, photosynthetic rate had very
high positive indirect effect on grain yield per plant via
number of panicles per plant and stomatal conductance;
high positive indirect effect via number of tillers per plant,
thousand grain weight; high negative indirect effect via
transpiration rate; moderate indirect effect through inter
cellular CO2conc. other characters had low and negligible
indirect effect. In submergence, this character had high
positive indirect effect via number of panicles per plant
and transpiration rate on grain yield per plant; high
negative indirect effect via stomatal conductance;
moderate positive indirect effect via number of tillers
per plant and plant height.

In normal, stomatal conductance had very high
negative indirect effect on grain yield per plant through
photosynthetic rate and transpiration rate; high positive
indirect effect via number of panicles per plant; high
negative indirect effect via number of tillers per plant
and panicle length; moderate positive indirect effect via
plant height and thousand grain weights. In submergence,
this trait had high positive indirect effect via thousand
grain weight; high negative indirect effect via number of
panicles per plant on grain yield per plant. Moderate
indirect effect via number of tillers per plant and
transpiration rate; low positive indirect via days to first
flowering and photosynthetic rate on grain yield per plant.

In normal, this trait had very high negative indirect
effect via photo synthetic rate; high positive indirect effect
via number of panicles per plant and panicle length on
grain yield per plant, moderate positive indirect effect
via number of tillers per plant, stomatal conductance and

transpiration rate. Other characters had low and negligible
indirect effect. In submergence intercellular CO2conc.
had very high positive indirect effect on grain yield per
plant via number of panicles per plant and high negative
indirect effect through number of tillers per plant;
moderate negative indirect effect via  stomatal
conductance and transpiration rate on grain yield per plant.
Other traits were low and negligible values.

In normal, this trait had very high positive indirect
effect via stomatal conductance and photosynthetic rate
on grain yield per plant; high positive indirect effect via
number of panicles per plant, thousand grain weight; high
negative indirect effect via number of tillers per plant on
grain yield per plant and all other characters had low
indirect effect. In submergence, transpiration rate had
high positive indirect effect via number of panicles per
plant; moderate positive indirect effect via days to first
flowering and number of tillers per plant on grain yield
per plant. Other traits were low positive and negative
indirect effect.

It as been generally accepted that correlation
between different characters represents a coordination
of physiological processes, which is often achieved
through gene linkages (Mather and Jinks, 1971).
Knowledge of the strength and type of association is an
important pre reauisite for the formulation of breeding
strategy. Grain yield is a complex character influenced
by a large number of other component traits. A knowledge
of the association between yield and its component traits
and also between the component traits helps in improving
the efficiency of selection.

Correlation studies revealed that the trait grain yield
per plant has positive and significant correlation with days
to first flowering, plant height, number of tillers per plant,
number of panicles per plant, photo synthetic rate, stomatal
conductance and inter cellular CO2conc. both at genotypic
and phenotypic level  in normal condition. Similar results
were observed by Saravanan and Sabesan (2010). While
the trait number of tillers per plant had positive significant
association with number of panicles per plant, stomatal
conductance, number of panicles per plant had positive
significant correlation with panicle length, thousand grain
weight and photo synthetic rate, panicle length and
thousand grain weight had positive significant association
with photo synthetic rate at both genotypic and phenotypic
level under normal condition.

In submergence, the trait grain yield per plant had
positive and significant correlation with days to first
flowering, number of tillers per plant, number of panicles
per plant, panicles length and inter cellular CO2 Conc. at
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both genotypic and phenotypic level. Similar results were
reported by Latha et al., (2003). While days to first
flowering had positively significant correlation with photo
synthetic rate, stomatal conductance, inter cellular
CO2conc. and transpiration rate, number of tillers per
plant had positive. Significant association with number of
panicles per plant, stomatal conductance and intercellular
CO2conc. number panicles per plant had positively.
significant correlation with thousand grain weight;
thousand grain weight and photo synthetic rate showed
positive significant correlation with inter cellular CO2conc.
both at genotypic and phenotypic level.

The non-significant association of plant height with
grain yield per plant in submergence significant positive
association in normal reveal that preference of limited
stem elongation upon submergence. Setter et al., (1997)
also observed that genotypes with limited growth under
submergence survived better than those which grow
rapidly under submerged condition.

The non-significant association of plant height in
normal condition. Positive association in normal reveal
that preference of limited stem elongation upon
submergence. Setter et al., (1997) also observed that
genotypes with limited growth under submergence
survived better than those which grow rapidly under
submerged condition.

Complete information about the complex trait like
yield that is controlled by several other traits either directly
or indirectly cannot be given by correlation co-efficient
alone. Hence, the path coefficient analysis would be quite
useful as it permits the separation of direct effect from
indirect relation through other related traits by partitioning
genotypic correlation coefficients (Dewey and Lu., 1959).

Number of panicles per plant, panicle length, 1000
grain weight, stomatal conductance and inter cellular
CO2conc. had very high positive direct effect on grain
yield per plant. Saravanan and Sabesan (2010) reported
similar results for productive tillers per plant and Suresh
(2009) for panicle length. While number of tillers per plant,
photo synthetic rate and transpiration rate had very high
negative direct effect on grain yield per plant. Days to
first flowering had moderate positive and indirect effect;
plant height had moderate negative direct effect on grain
yield per plant. Similar results were reported by Bhadru
et al., (2011) and Jaiswal et al., (2007).

In submergence, the trait number of panicles per plant
has very positive direct effect, number of tillers per plant
had very high negative direct effect on grain yield per
plant. Days to first flowering, plant height and transpiration
rate had high positive direct effect on grain yield per plant.

Similar results were reported by Badru et al., (2011),
Immanuel et al., (2011) and Raju et al., (2003).

In normal condition, days to first flowering had very
high positive. Indirect effect via panicles length and
stomatal conductance suggest that earliness. Plant height
had high positive indirect effect through 1000 grain weight,
intercellular CO2conc. and transpiration rate. Similar
findings were supported by Latha et al., (2003). Number
of tillers per plant had very high positive indirect effect
via panicles per plant and stomatal conductance.

The trait number of panicles per plant had very high
positive indirect effect via thousand grain weight. Similar
report by Chakraborty et al., (2001). The very high
positive indirect effect of panicle length via number of
tillers per plant. Some results stated by Raju et al. (2003).
Thousand grain weight via number of tillers per plant.
Similar results by Javed Iqbal Wattoo et al., (2010)
transpiration rate via stomatal conductance and photo
synthetic rate. Similar results were stated by Dhumal
and Laware (2003).

In submergence, the very high positive indirect effect
on grain yield per plant via number of panicles per plant
suggest that earliness might aid in overcoming the
submergence stress. The high positive indirect effect of
plant height via number of tillers per plant, days to first
flowering and inter cellular CO2conc. in submergence
indicates the importance of limited plant growth during
this condition. Number of tillers per plant had very high
indirect effect through number of panicles per plant;
panicles per plant had high positive indirect effect via
number of tillers per plant, panicles length and 1000 grain
weight.

Similar results were obtained by Kavitha and Sree
Rama Reddi (2001). Number of tillers per plant had low
negative indirect effect via thousand grain weight on grain
yield per plant indicate that genotypes with more panicles
might suffer greater yield loss during submergence. The
results of Mishra et al., (1996) corroborates with there
findings. The high positive indirect effect of panicles length
via number of tillers per plant and number of panicles
per plant, same results were reported by Latha et al.,
(2003).
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