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Abstract
Estimates of variability, heritability, genetic advance, correlation and path analysis were carried out in rice germplasm for
nineteen characters. The highest genotypic coefficient of variation and phenotypic coefficient of variation was observed for
number of effective tillers per plant, grain yield per plant and head rice recovery percentage. Estimates of heritability and
genetic advance were high for number of effective tillers per plant, number of filled grains per panicle, head rice recovery
percentage and grain yield per plant in genotypes indicating the predominance of additive gene action for these traits, hence
direct selection may be highly effective. Correlation studies indicated that grain yield per plant had positive significant
correlation with leaf width, days to 50% flowering, plant height, panicle length, number of filled grains per panicle, 100 seed
weight and paddy length. A positive and significant correlation of head rice recovery percentage was also observed with leaf
length, leaf width, days to 50% flowering, number of filled grains per panicle and milling percentage. Path analysis indicated
that direct selection for days to 50% flowering, 100 seed weight, panicle length, leaf length and milling percentage would
likely be effective for increasing grain yield. Direct selection for days to 50% flowering and number of filled grains per panicle
would increase head rice recovery percentage.
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Introduction
Rice is the most consumed cereal grain in the world,

constituting the dietary staple food for more than half of
the planet’s human population. It is considered a model
cereal crop in the world due to its relatively small genome
size, vast germplasm collection, enormous repertoire of
molecular genetic resources, and efficient transformation
system (Paterson et al., 2005). Grain yield is a complex
trait, controlled by many genes, environmentally
influenced and determined by the magnitude and nature
of their genetic variability in which they grow (Singh et
al., 2000). Genetic variability among traits is important
for breeding and in selecting desirable types. The low
heritability of grain yield characters made selection for
high yielding varieties possible usually using various
component traits associated with yield (Atlin, 2003).

Heritability estimates provide the information on the
proportion of variation that is transmissible to the progenies
in subsequent generations. Genetic advance provides
information on expected genetic gain resulting from
selection of superior individuals.

The grain yield is quantitative in nature and an
integrated function of a number of component traits.
Therefore, selection for yield per se may not be much
rewarding unless other yield attributing traits are taken
into consideration. Correlation study provides a measure
of association between characters and helps to identify
important characters to be considered while making
elucidates selection. Breeding strategy in rice mainly
depends upon the degree of associated characters as
well as its magnitude and nature of variation (Zahid et
al., 2006). Path coefficient analysis partitions the genetic
correlation between yield and its component traits into*Author for correspondene: E-mail: elizabeth_06r@yahoo.co.in
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direct and indirect effects and hence has effectively been
used in identifying useful traits as selection criteria to
improve grain yield in rice (Mustafa and Elsheikh, 2007).
Development of high yielding varieties requires a thorough
understanding of existing genetic variability as well as
magnitude and direction of genetic association among
the yield contributing characters. The present investigation
was undertaken in this context to elucidate information
on variability, heritability, genetic advance, character
associations and path of effect in traditional rice
germplasm of Chhattisgarh, India.

Materials and Methods
The experiment was conducted at the research area

of the Department of Plant Breeding and Genetics, Indira
Gandhi Krishi Vishwavidyalaya, Raipur during the kharif
season 2006-07 under upland, bunded conditions. The
breeding material for the study consisted of 96 accessions
of rice from Bastar region of Chhattisgarh state in India
along with six standard cultivars. The material was grown
in a Complete Randomized Block Design with two
replications. Each line was grown in plots of three meter
long rows at spacing of 20 cm between rows and 15 cm
between plants in a row. The nutrients (N:P:K) were
applied at the rate of 60, 40 and 20 kg ha-1, as urea, super
phosphate and murate of potash, respectively. No plant
protection measures were applied. Observations were
recorded on five randomly selected plants of each line
per replication for 19 traits viz., leaf length, leaf width,
days to 50 per cent flowering, number of effective tillers
per plant, plant height, panicle length, number of filled
grains per panicle, spikelet sterility percentage, 100 seed
weight, paddy length, paddy breadth, brown rice length,
brown rice breadth, kernel length, kernel breadth, milling
percentage, head rice recovery percentage and grain yield
per plant.

The genotypic and phenotypic coefficient of variation
was computed according to the formulae given by Burton
and Dewane (1952). Similarly, heritability and genetic
advance were calculated by using formula of Hanson et
al. (1956) and Johnson et al. (1955), respectively.
Genotypic and phenotypic correlation coefficients among
the characters under study for all the possible comparisons
were computed as per the formulae suggested by Miller
et al. (1958). The partitioning of genotypic correlation
coefficient of traits into direct and indirect effects was
carried out using the procedure suggested by Dewey and
Lu (1959).

Results and Discussion
The analysis of variance revealed highly significant

differences among all the genotypes for all the characters

studied except for hulling percentage (table 1), indicating
presence of considerable amount of genetic variation
among the study material. The magnitude of variation
between genotypes was reflected by high values of mean
and range for genotype traits studied (table 2). The results
(table 2) revealed that the estimates of phenotypic
coefficient of variation (PCV) were slightly higher than
those of genotypic coefficient of variation (GCV) for all
the traits studied. The extent of the environmental
influence on traits is explained by the magnitude of the
difference between GCV and PCV. Large differences
between GCV and PCV values reflect high environmental
influence on the expression of traits. In this study, slight
differences indicated minimum environmental influence
and consequently greater role of genetic factors on the
expression of traits.

High GCV and PCV values (table 2) were observed
for number of effective tillers per plant, grain yield per
plant and head rice recovery percentage, indicating the
presence of ample variation for these characters in the
present material which indicated the possibility of yield
improvement through selection of these traits. The high
magnitude of genetic variability for grain yield was also
observed by Sarawgi and Soni (1994) and Debchaudhary
and Das (1998). The results were also in agreement with
the earlier reports of Sadhukhan and Chattopadhyay
(2000); Verma et al. (2000) indicating wide scope for
improvement in these characters.

In the present study, estimates of broad sense
heritability were varied from 20.61 to 97.10% (table 2).
Heritability in broad sense was high for all the characters
studied except leaf width, brown rice breadth, kernel
breadth, hulling percentage and milling percentage.
Highest heritability estimate was recorded for plant height
followed by paddy length, days to 50 per cent flowering,
100 seed weight and head rice recovery percentage. High
heritability suggests high component of heritable portion
of variation that can be exploited by breeders in the
selection of superior genotypes on the basis of phenotypic
performance. Moderate estimate of heritability was
observed for leaf width, brown rice breadth, and kernel
breadth while, hulling percentage and milling percentage
showed low magnitude of heritability. In the present study
high heritability was observed for days to 50 per cent
flowering and which is in accordance to the findings of
Tomar et al. (2000), Kavitha and Reddi (2002), Agrawal
(2003). The high heritability observed for 100 seed weight
is in conformity to the finding of the Agrawal (2003) and
Tyagi et al.  (2004). High estimate of heritability for grain
yield per plant has been reported by Tyagi et al. (2004)
and Shukla et al. (2005).
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The estimates of genetic advance as percent of mean
(table 2) were high for spikelet sterility percentage,
number of effective tillers per plant, grain yield per plant,
head rice recovery percentage and number of filled grains
per panicle; moderate for leaf length, plant height and
100 seed weight. These results were supported by earlier
findings of Tyagi et al. (2004) and Singh et al. (2005).
Since high heritability does not always indicate high genetic
gain, heritability with genetic advance should be used in
predicting selection of superior genotypes (Ali et al.,
2002). In this study, estimates of heritability and genetic
advance were high for number of effective tillers per
plant, number of filled grains per panicle, head rice
recovery percentage and grain yield per plant in genotypes
indicating the predominance of additive gene action for
these traits, hence direct selection may be highly effective.
Similar findings were reported by Ganesan et al. (1995),
Rather et al. (1998) and Lalitha et al. (1999) for grain
yield per plant and number of effective tillers per plant.
The remaining traits had high heritability coupled with
low to moderate genetic advance indicating the presence
of both additive and non-additive gene effects in
controlling these traits.

The genotypic and phenotypic correlations for yield
and yield components are presented in table 3. Inter-
relationship analysis indicated that the genotypic and the
phenotypic correlation coefficients showed similar trend
but genotypic correlation coefficients were of higher in
magnitude than the corresponding phenotypic correlation
coefficients which might be due to the masking or
modifying effect of environment on character association
at the genetic level (Sarawgi et al., 1997 and Zahid et
al., 2006). Grain yield per plant had significant and positive
correlation with leaf width, days to 50 per cent flowering,
plant height, panicle length, number of filled grains per
panicle, 100 seed weight and paddy length at both
genotypic and phenotypic level. It had shown significant
and positive association with leaf length and head rice
recovery percentage at genotypic level only. This indicates
the relative utility of all these traits for selection with
respect to grain yield.

Genotypic correlation reflects either the pleiotropic
action of genes or linkage or more likely both. The
phenotypic correlation includes both genotypic and
environmental effects and provides information about total

Table 1 : Analysis of variance for morphological and quality characters in 96 rice genotypes.

Mean sum of square
S. no. Source of variation

Replication Genotype Error

                                                     Degree of freedom 1 95 95

1. Leaf length (cm) 37.09 79.35** 5.42
2. Leaf width (cm) 0.110 0.040** 0.010
3. Days to 50% flowering 9.25 145.24** 5.63
4. Number of effective tillers per plant 12.50 20.72** 1.54
5. Plant height (cm) 219.25 757.16** 11.22
6. Panicle length (cm) 2.79 14.84** 1.17
7. Number of filled grains per panicle 15.25 1431.57** 73.24
8. Spikelet sterility percentage 9.89 56.51** 5.04
9. 100 seed weight (g) 0.010 0.245** 0.011
10. Paddy length (mm) 0.827 1.00** 0.032
11. Paddy breadth (mm) 0.193 0.180** 0.031
12. Brown rice length (mm) 0.200 0.718** 0.041
13. Brown rice breadth (mm) 0.262 0.133** 0.026
14. Kernel length (mm) 0.250 0.649** 0.035
15. Kernel breadth (mm) 0.247 0.120** 0.022
16. Hulling percentage 49.2 4.00 2.6
17. Milling percentage 54.06 5.06** 2.67
18. Head rice recovery percentage 13.63 320.55** 16.03
19. Grain yield per plant (g) 52.71 87.12** 7.84

** Significant at 1% level.

Characters
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association between the observable characters. The
significant environmental association indicates that per
se improvement in the character by manupulating certain
environmental factors would also be effective. The
observed positive correlation of grain yield with various
traits were supported by earlier workers viz., Rao and
Srivastava (1999), Rajeshwari and Nandrajan (2004) for
number of filled grains per panicle; Sharma and Dubey
(1997) for panicle length; Basavaraja et al. (1997) for
plant height; Rao and Srivastava (1999) and Rajeshwari
and Nandrajan (2004) for days to 50% flowering;
Chakraborty et al. (2001) for 100 seed weight; Kaul and
Kumar (1982) for paddy length.

The positive and significant association of head rice
recovery percentage was observed with leaf length, leaf
width, days to 50% flowering, number of filled grains per
panicle, spikelet sterility percentage and milling
percentage at both genotypic and phenotypic levels. Head
rice recovery percentage was also significantly negatively
associated at both phenotypic and genotypic level with
number of effective tillers per plant, 100 seed weight,
paddy breadth, brown rice breadth and kernel breadth.

In the present study, significant positive association of
head rice recovery percentage with milling percentage
was in agreement with the findings of Choudhary and
Motiramani (2003), indicating that this character can also
be considered to achieve better results for improving yield
as well as quality.

Path co-efficient analysis provides an effective means
of finding out the direct and indirect causes of association
and presents a critical examination of the specific forces
acting to produce a given correlation and also measures
the relative importance of each causal factor. The results
of direct and indirect effects of yield components on grain
yield per plant have been presented in Table 4. Path
coefficient analysis revealed that brown rice breadth
expressed highest positive direct effect on grain yield
per plant followed by 100 grain weight, leaf width, number
of effective tillers per plant, paddy length, days to 50 per
cent flowering, leaf length, milling percentage, panicle
length, head rice recovery percentage. The correlation
analysis did not reveal any association of grain yield per
plant with brown rice breadth. This may be due to high
negative indirect effects via kernel breadth and paddy

Table 2 : Genetic parameters of variation for morphological and quality traits.

                        Range
Characters Mean GCV(%) PCV(%) h2 (bs)(%) GA as % ofmean

Min Max

LL (cm) 45.29 31.15 57.65 13.42 14.37 87.20 25.81
LW (cm) 1.14 0.90 1.65 10.68 13.90 59.00 16.66
DF 92.75 76.00 110.50 9.01 9.36 92.50 17.85
ET/P 11.04 5.00 18.00 28.06 30.23 86.20 53.62
PH (cm) 131.35 77.15 163.75 14.70 14.92 97.10 29.84
PaL (cm) 25.48 19.30 34.85 10.26 11.10 85.40 19.54
FG/Pa 140.85 71.00 183.00 18.50 19.47 90.30 36.22
SPS % 10.67 3.40 23.40 47.54 51.99 83.60 89.59
TW (g) 2.47 1.15 3.15 13.88 14.53 91.40 27.13
PL (mm) 8.31 6.00 10.00 8.39 8.67 93.70 16.73
PB (mm) 2.87 2.15 3.55 9.50 11.34 70.20 16.38
BRL (mm) 6.52 4.5 8.10 8.93 9.46 89.10 17.33
BRB (mm) 2.50 1.80 3.00 9.24 11.31 66.70 15.60
KL (mm) 5.90 4.00 7.40 9.38 9.91 89.60 18.31
KB (mm) 2.33 1.70 2.90 9.48 11.49 68.00 16.31
Hull % 79.56 73.82 82.03 1.04 2.29 20.61 1.00
Mill % 71.94 65.77 75.10 1.52 2.73 31.00 1.73
HRR % 51.73 24.70 66.14 23.85 25.08 90.50 46.74
GY/P (g) 25.29 12.00 45.15 24.90 27.25 83.50 46.85

Note : LL - Leaf length, LW - Leaf width, DF - Days to 50% flowering, FG/Pa - Number of filled grains per panicle, PH - Plant height;
PaL - Panicle length, ET/P – Number of effective tillers per plant, SPS % - Spikelet sterility percentage, TW -100 seed weight, PL
- Paddy length, PB - Paddy breadth, BRL - Brown rice length, BRB - Brown rice breadth, KL - Kernel length, KB - Kernel breadth,
Hull %- Hulling percentage, Mill % - Milling percentage, HRR % - Head rice recovery percentage, GY/P - Grain yield per plant.
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breadth. The characters leaf length, leaf
width, days to 50% flowering, panicle
length, 100 seed weight, paddy length
and milling percentage had positive
direct effect and exhibited significant
positive correlation with grain yield,
indicating the true relationship among
these traits. This may indicate that the
direct selection for panicle length, 100
seed weight, paddy length and milling
percentage would likely be effective in
increasing grain yield.

The direct and indirect effect of
different morphological and quality
characters on the head rice recovery
percentage has been presented in Table
5. The highest positive direct effect on
head rice recovery percentage was
estimated for paddy breadth followed
by kernel breadth, paddy length, brown
rice length, number of filled grains per
panicle, days to 50 per cent flowering,
leaf length, spikelet sterility percentage,
grain yield per plant and panicle length.
The characters paddy breadth, brown
rice breadth and kernel breadth
exhibited negative correlation with head
rice recovery percentage. This may be
due to the presence of negative indirect
effect of paddy breadth via 100 grain
weight, brown rice breadth, brown rice
length, paddy length and plant height;
the negative indirect effect of brown
rice breadth via 100 grain weight, paddy
breadth and brown rice length; paddy
kernel breadth exhibited negative
correlation with head rice recovery due
to negative indirect effect of 100 grain
weight, brown rice breadth, paddy
length and brown rice length. The
characters days to 50 per cent
flowering, leaf length and number of
filled grains per panicle exhibited
positive direct effects and also revealed
significant positive correlation with
head rice recovery percentage
indicating a true relationship among
these traits.

The direct selection of days to 50
per cent flowering, panicle length, 100
grain weight, paddy length, leaf length

Genetic Variability and Inter Relationship Analysis for Various Yield Attributing and Quality Traits in Rice 643
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and milling percentage for grain yield;
days to 50 per cent flowering, filled grain
per panicle and leaf length for head rice
recovery percentage could be used as
selection criterion for their improvement,
whereas it is logical to select the plants
having less spikelet sterility percentage
for improvement in seed yield. However,
the characters plant height, number of
filled grains per panicle also expressed
considerable indirect effect through one
or more characters on grain yield per
plant, hence they should also be given
consideration in the selection criteria. The
overall result of association analysis and
path coefficient in the present studies
indicated that there might be independent
genes predominantely responsible for
expression of these variables viz., grain
yield per plant and head rice recovery
percentage although to some extent
common genes may have also played a
considerable role in their expression as
seen in case of days to 50 per cent
flowering and leaf length.

Conclusion
Results of the present investigation

on variability, heritability and genetic
advance indicated a scope for
improvement of grain yield through
selection. High heritability coupled with
high genetic advance was noticed for
number of effective tillers per plant,
number of filled grains per panicle, head
rice recovery percentage and grain yield
per plant, indicating selection may be
effective for improvement. Significant
positive association of head rice recovery
percentage with milling percentage
indicated that this character can also be
considered to achieve better results for
improving yield as well as quality. The
path coefficient analysis revealed that
days to 50% flowering and leaf length
could be used as selection criteria for the
simultaneous improvement of grain yield
per plant and head rice recovery
percentage. The direct selection of days
to 50% flowering, 100 seed weight,
paddy length, leaf length and milling
percentage for grain yield; days to 50%
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flowering and filled grains per panicle for head rice
recovery percentage could be used as selection criterion
for improvement.
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