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Abstract

Twenty five rice varieties were evaluated for their variability with regard to
yield and yield components. Estimates of heritability and genetic advance as per
cent mean were also obtained for the above traits. In addition, studies on
character associations and path co-efficients were also undertaken. The results
revealed high variability, heritability and genetic advance as per cent mean for
productive tillers per plant, number of tillers per plant, number of grains per
panicle and number of filled grains per panicle, while days to maturity was
recorded with high heritability coupled with low genetic advance as per cent of
mean. Further, yield was observed to be positively associated with number of
tillers per plant, productive tillers per plant, number of grains per panicle and
number of filled grains per panicle. Among these, number of tillers per plant,
productive tillers per plant and number of filled grains per panicle were noticed
to exert high direct effects on grain yield per plant. High indirect effects of most
of the traits were noticed mostly through productive tillers per plant indicating
importance of the trait as selection criteria in crop vyield improvement
programmes.

Keywords: Correlation, grain yield, heritability, path analysis, rice, variability,
yield components.

Introduction

Rice (Oryza sativa L.) is the world’s most staple food for more than half the
world’s population. Crop yield improvement is of prime importance to meet its
rising demand owing to constant increase in population. In this context,
assessment of variability in the crop for grain yield and yield attributes is the
essential for successful exploitation and improvement of yield through breeding.
Further, grain yield depends on various component characters and knowledge of
correlations among yield component traits and yield is of great importance in
selection of elite genotypes for breeding programmes. Path analysis also helps in
determining the direct and indirect causes of association and formulation of
effective breeding strategies for development of better genotypes. In this
direction, the present investigation was undertaken to assess the magnitude of
variability and character associations, in addition to direct and indirect effects
among Yyield and yield component characters in 25 different rice varieties.
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Materials and Method

Experimental materials for the present investigation comprised of 25 rice
varieties obtained from different rice research stations of the erstwhile Andhra
Pradesh state of India, namely, Bapatla, Jagtial, Nandyal, Nellore, Rajendranagar,
Ragolu and Rudrur of Acharya N. G. Ranga Agricultural University. These were
sown during kharif 2013 in a randomized block design with three replications.
Thirty day-old seedlings of each variety were transplanted in four-row plots of
4.0 m length, at a spacing of 20 cm between rows and 15 cm between plants
within the row. All recommended practices were followed to raise a healthy crop
and observations were recorded for grain yield and yield component characters.
The observations on plant height, number of tillers per plant, productive tillers
per plant, panicle length, number of grains per panicle, number of ill-filled grains
per panicle, number of filled grains per panicle, test weight, harvest index and
grain yield per plant were recorded from five randomly selected plants for each
entry in each replication. However, observations on days to 50 per cent flowering
and days to maturity were recorded on plot basis. Data thus obtained were
subjected to standard statistical procedures proposed by Panse and Sukhatme
(1961). The variability parameters, namely, genotypic and phenotypic co-
efficient of variation were calculated as per the formulae proposed by Burton and
Devane (1952) and categorized as per the procedure suggested by
Sivasubramanian and Madhavamenon (1973). Estimates of heritability in broad
sense [h? ] and genetic advance were calculated by the formulae given by Lush
(1940) and Johnson et al. (1955), respectively. Categorization was done as per
the procedure outlined by Johnson et al. (1955). Further, genotypic and
phenotypic correlation coefficients were calculated using the method detailed by
Johnson et al. (1955), while the direct and indirect contribution of different yield
component characters on grain yield per plant was estimated by path co-efficient
analysis suggested by Wright (1921).

Results and Discussion

Analysis of variance (ANOVA) for yield and yield component characters studied
is presented in Table 1. The results revealed highly significant mean squares due
to varieties for all traits, indicating the existence of sufficient variation among the
varieties for yield and yield component characters studied in the present
investigation, and a scope for effective selection.

Information on mean, range, phenotypic co-efficient of variation (PCV),
genotypic co-efficient of variation (GCV), heritability, genetic advance and
genetic advance as per cent mean for yield and yield component traits are
furnished in Table 2. A perusal of these results revealed maximum range of
variability for number of grains per panicle followed by number of filled grains
per panicle. Higher phenotypic variance and co-efficient of variation were in
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general recorded for all the traits studied in the present investigation, compared
to genotypic variance and co-efficient of variation, indicating the influence of
environment. Similar findings were reported earlier by Mamta Singh et al.
(2007). However, the high (>20%) phenotypic variance (days to 50 per cent
flowering, days to maturity, plant height, number of grains per panicle, number
of filled grains per panicle and harvest index) and co-efficient of variation
(number of tillers per plant, productive tillers per plant, number of grains per
panicle and number of filled grains per panicle) observed in the present
investigation was noticed to be essentially associated with high genotypic
variance and co-efficient of variation of the particular trait, indicating the
minimal influence of environment and presence of high genetic variability for
these traits in the experimental material. Hence, selection on the basis of
phenotype can also be effective for improvement of these traits. Similar results
were reported earlier by Babu et al. (2012). Further, the high (>20%) estimates of
genotypic and phenotypic co-efficient of variation recorded for productive tillers
per plant, number of tillers per plant, number of grains per panicle and number of
filled grains per panicle in the present study are in conformity with the findings
of Bekele et al. (2013) for productive tillers per plant; Prasad et al. (2013) for
number of tillers per plant; Deepa Sankar et al. (2006) for grains per panicle and
Srinivas et al. (2004) for filled grains per panicle. However, moderate (10-20%)
genotypic and phenotypic variance estimates were recorded in the present study
for 1000 seed weight, while grain yield per plant, number of ill-filled grains per
panicle and harvest index had recorded moderate (10-20%) estimates of
genotypic and phenotypic co-efficient of variation. These results are in
conformity with the findings of Das et al. (2005) for grain yield per plant and
Dhanwani et al. (2013) for harvest index. In contrast, low (<10%) estimates of
genotypic and phenotypic variance and co-efficient of variation were observed in
the present study for number of tillers, followed by productive tillers per plant,
panicle length, number of ill-filled grains per panicle and grain yield per plant,
while days to 50 per cent flowering, days to maturity, plant height and panicle
length had low (<10%) genotypic and phenotypic coefficient of variation,
indicating low variability for these characters in the present experimental
material and therefore little scope for improvement of these traits. Similar
findings were reported earlier by Adilakshmi and Girijarani (2012) for days to 50
per cent flowering; Satish et al. (2003) for plant height and Idris et al. (2013) for
days to maturity.

High (>60%) estimates of heritability were recorded for all characters studied in
the present investigation (Table 2). Maximum heritability was recorded for
number of filled grains per panicle, followed by number of grains per panicle,
productive tillers per plant, days to maturity, number of tillers per plant, harvest
index, 1000 seed weight, days to 50 per cent flowering, number of ill-filled
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grains per panicle, panicle length, grain yield per plant and plant height. These
results are in conformity with the reports of Idris et al. (2013) for number of
filled grains per panicle, days to maturity, 1000 seed weight, panicle length and
plant height; Bisne et al. (2009) for productive tillers per plant; Singh et al.
(2012) for number of grains per panicle; Idris et al. (2013) for harvest index;
Dhanwani et al. (2013) for days to 50 per cent flowering; Babu et al. (2012) for
number of ill-filled grains per panicle and Kundu et al. (2008) for grain yield per
plant.

A perusal of the results on genetic advance revealed high (>20%) values for
number of grains per panicle and number of filled grains per panicle. The
estimates of genetic advance as per cent mean was also high (>20%) for
productive tillers per plant, followed by number of tillers per plant, number of
grains per panicle, number of filled grains per panicle, 1000 seed weight, grain
yield per plant, number of ill-filled grains per panicle and harvest index. These
results are in conformity with the findings of Parvathi et al. (2011) for
productive tillers per plant and number of tillers per plant; Idris et al. (2013) for
number of grains per panicle; Babu et al. (2012) and Dhanwani et al. (2013) for
number of filled grains per panicle and number of ill-filled grains per panicle;
Dhanwani et al. (2013) for 1000 seed weight and grain yield per plant and
Mamta singh et al. (2007) for harvest index. In contrast, moderate (10-20%)
estimates of genetic advance were noticed in the present study for days to 50
per cent flowering, days to maturity and plant height. Moderate (10-20%)
genetic advance as per cent mean were also recorded for panicle length, days to
50 per cent flowering and plant height. Similar results were reported by
Parvathi et al. (2011) for panicle length and days to 50 per cent flowering and
Babu et al. (2012) for plant height. Further, low (<10%) estimates of genetic
advance were recorded in the present investigation for number of tillers per
plant, productive tillers per plant, panicle length, number of ill-filled grains per
panicle, 1000 seed weight, harvest index and grain yield per plant. Low (<10%)
estimates of genetic advance as per cent mean were also noticed for days to
maturity in the present investigation. These results are in conformity with the
findings of Seyoum et al. (2012).

High heritability coupled with high genetic advance as per cent mean was
recorded for all the characters under study, except days to 50 per cent flowering,
days to maturity, plant height and panicle length indicating that the high
heritability observed is due to additive gene effects and selection may be
effective for these characters. Similar observations were reported by Bekele et al.
(2013) for tillers per plant; productive tillers per plant and harvest index; Idris et
al. (2013) for number of grains per panicle; Dhanwani et al. (2013) for number of
filled grains per panicle and number of ill-filled grains per panicle and
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Adilakshmi and Girijarani (2012) for 1000 seed weight. On the contrary, high
heritability coupled with moderate genetic advance as per cent mean was
observed for plant height and panicle length indicating the role of both additive
and non-additive gene effects for control of the characters. The results are in
conformity with the reports of Seyoum et al. (2012) for plant height. However,
for days to maturity, high heritability coupled with low genetic advance as per
cent of mean was noticed in the present investigation, which was similar to the
findings of Singh et al. (2012).

Burton and Devane (1952) had reported that information on genetic variation
along with heritability and genetic advance estimates gave a better idea about the
efficiency of selection. In the present study, high GCV and PCV coupled with
high heritability and high genetic advance as per cent mean were observed for
productive tillers per plant followed by number of tillers per plant, number of
grains per panicle and number of filled grains per panicle, indicating the pre-
ponderance of additive gene action and scope for their improvement through
selection. Similar results were reported earlier by Selvaraj et al. (2011) for
productive tillers per plant.

Yield is a complex character and is the end product of multiplicative interaction
between various yield components (Grafius, 1956). Information on the nature and
extent of association among yield and yield component characters is therefore
essential for systematic crop improvement. Further, the study of genetic
correlations also gives an idea about the extent to which the characters are under
the control of genes and this kind of analysis could help the breeder to design his
selection for effective crop improvement. Correlations (phenotypic and
genotypic) of yield and yield component characters in the present investigation
are presented in Table 3. A perusal of these results, in general, revealed
phenotypic and genotypic correlations of similar direction and significance.
However, genotypic correlations had recorded a higher magnitude, compared to
phenotypic correlations, indicating the masking effect of environment (Johnson
et al., 1955). Further, grain yield per plant was observed to be positively and
significantly associated with number of tillers per plant, productive tillers per
plant, number of grains per panicle and number of filled grains per panicle
indicating an increase in grain yield with an increase in these characters.
Therefore, priority should be given to these traits, while making selection for
yield improvement. The findings are in agreement with the reports of
Manikyaminnie et al. (2013) for productive tillers per plant and number of grains
per panicle; Sudharani et al. (2013) for number of filled grains per panicle and
Idris et al. (2013) for number of tillers per plant. On contrary, non-significant
association was noticed for grain yield with days to 50 per cent flowering, days
to maturity, plant height, panicle length, number of ill-filled grains per panicle,
1000 seed weight and harvest index. The findings are in consonance with the
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reports of Yadav et al. (2010) for days to 50 per cent flowering, plant height,
panicle length; and Panwar and Mashiat Ali (2007) for number of ill-filled grains
per panicle.

Studies on inter-character associations for yield components revealed significant
and positive association of days to 50 per cent flowering with days to maturity;
plant height with panicle length; number of tillers with productive tillers per
plant, number of grains per panicle, and number of filled grains per panicle;
productive tillers with number of grains per panicle and number of filled grains
per panicle; number of grains per panicle with number of ill-filled and filled
grains per panicle, indicating a scope for simultaneous improvement of these
traits through selection. The results are in agreement with the reports of Singh et
al. (2012) for days to 50 per cent flowering with days to maturity, and number of
tillers with number of grains per panicle; Manikyminnie et al. (2013) for plant
height with panicle length, and productive tillers with number of grains per
panicle; and Bekele et al. (2013) for number of tillers with productive tillers per
plant; Sudharani et al. (2013) for number of tillers with number of filled grains
per panicle; Gopikannan and Ganesh (2013) for productive tillers per plant with
number of filled grains per panicle; and Vanisree et al. (2013) for number of
grains per panicle with number of filled grains per panicle. However, significant
and negative inter-character associations were observed for number of grains per
panicle with 1000 seed weight; number of filled grains per panicle with 1000
seed weight; and number of ill-filled grains per panicle with 1000 seed weight
probably due to competition for a common possibility, such as nutrient supply.
The results are in conformity with the reports of Panwar and Mashiat Ali (2007).

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. Hence, the study of direct and indirect
effects of yield components on grain yield per plant from genotypic correlation
was undertaken in the present investigation and the results obtained are presented
in Table 4. The results revealed high residual effect, indicating that variables
studied in the present investigation explained only 48 per cent of the variability
in yield and therefore, other attributes besides the characters studied are
contributing for grain yield per plant. The results also revealed maximum direct
effect of productive tillers per plant followed by number of filled grains per
panicle and number of tillers per plant on grain yield per plant. High positive
direct effect of productive tillers per plant (Manikyaminnie et al. 2013); number
of filled grains per panicle and tillers per plant (Parvathi et al. 2011) on grain
yield were also reported earlier. These traits had also exhibited highly significant
and strong positive association with grain yield per plant. High direct effects of
these traits therefore, appeared to be the main factor for their strong association
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with grain yield per plant. Hence, these traits should be considered as important
selection criteria in all rice improvement programmes and direct selection for
these traits is recommended for yield improvement. The results are in conformity
with the findings of Meena Kumari et al. (2011).

Days to 50 per cent flowering, plant height and 1000 seed weight also had high
positive direct effects on grain yield per plant. The results are in consonance with
the findings of Seyoum et al. (2012) for days to 50 per cent flowering and
Adilakshmi and Girijarani (2012) for plant height and 1000 seed weight.
However, its association with grain yield per plant was noticed be non-significant
in the present investigation indicating the need for adoption of restricted
simultaneous selection model to nullify the undesirable indirect effects and make
use of the direct effect (Singh and Kakar, 1977).

High negative direct effects on grain yield per plant was recorded by number of
grains per panicle. However its association with grain yield per plant was
observed to be highly significant and positive indicating a major role of indirect
effects, namely, number of filled grains per panicle, productive tillers per plant
and number of ill-filled grains per panicle and hence, a need for simultaneous
consideration of these traits in selection programmes along with number of grains
per panicle. In addition, days to maturity, panicle length and harvest index also
had high negative direct effects on grain yield per plant. The results are in
agreement with the reports of Madhavilatha et al. (2005). Association of these
traits with grain yield per plant was however, non-significant indicating the
indirect effects of these traits on grain yield per plant through other characters.
High indirect effects of these traits were noticed mostly through productive tillers
per plant indicating importance of the trait as selection criteria. The findings are
in conformity with the reports of Manikyaminnie et al. (2013).

A perusal of the results thus emphasized the need for selection based on
productive tillers per plant, number of filled grains per panicle and number of
tillers per plant for improvement of grain yield in rice.
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