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INTRODUCTION

Rice (Oryza sativa L.) occupies a pivotal place in the Indian
agriculture. Rice is also called as the “ Grain of Life”, because
it is not only the staple food for more than 70 percent of the
Indians but also a source of livelihood for about 120-150
million rural households. At the current rate of population
growth accelerating at 1.8 percent, rice requirement by the
year 2020 would be around 140 million tons (Anon., 2004).
As population growth continues to boost demand for rice,
production growth in all the ecosystems is approaching a
plateau. Therefore, efforts to enhance rice productivity with
keeping grain quality must receive top priority. Increasing rice
production can be achieved by application of improved
agronomic techniques, developing and adopting high yielding
varieties (Thakare et al., 2013). Green revolution, though
paved the way for a substantial increase in rice production
leading to self-sufficiency and even surplus for exports, in the
recent years deceleration of growth and crop yield from green
revolution technologies surfaced. Among the various causes
put forth for low yields in India, lack of varieties with yield
stability under different climatic situations, different fertilizer
managements and under different soil conditions are
considered to be the foremost. This necessitated the concept
of integrated fertilizer management as a modern technology,
methodology and philosophy for adoption and sustainability.

The analysis of variance revealed significant differences among the genotypes for the all the 9 quantitative and 5
quality traits in rice indicating that enough variability is present in the studied material. The magnitude of
difference between PCV and GCV were relatively low for all the traits revealing little influence of the environment
in the expression of these traits. The higher magnitude of PCV and GCV was recorded for number of grains per
panicle (23.85%; 23.10%) and grain yield per plant (23.17%; 22.04%). All the characters showed high broad
sense heritability, while high heritability coupled with high genetic advance as per cent mean was recorded for
plant height (97.67%; 30.81%), number of effective tillers per plant (84.10%; 28.19%), panicle length (95.17%;
22.94%), number of grains per panicle (93.79%; 46.08%), kernel elongation ratio (95.81%; 21.88%), kernel
length after cooking (99.91%; 23.77%), 1000-grain weight (89.97%;26.22%), harvest index (79.02%; 26.25%)
and grain yield per plant (90.48%; 43.20%) indicates the preponderance of additive gene action and such
characters could be improved through selection.

The complementary use of organic and biological source of
plant nutrients along with chemical fertilizer is of great
importance for the maintenance of soil health and productivity
(Yadav and Alok Kumar, 2009), since the environmental and
economic performance of sustainable farming is higher than
that of conventional farming.

In this paradigm shift, farmers in India are also interested to
take up integrated fertilizer management system to boost rice
production and productivity to meet the production targets.
However, the major constraint for the farmers is that there is
no suitable variety bred for habitat specific. Conventional
cultivars, bred for high yield in high-input conventional
production systems, may not be well adapted to other
production system (Venuprasad et al., 2003; Robenzon and
Rex, 2008). Grain yield is a complex character, which depends
on its several components. These components are further
dependent for their expression on several morphological traits,
which interrelated with each other showing a complex chain
of relationship and also highly influenced by the
environmental conditions (Prasad et al., 2001). Therefore,
the parents selected for the breeding programmes aimed at
increased grain yield should possess wide range of genetic
variation for the characters. Besides, it could be of interest to
know the magnitude of variation due to heritable component,
which in turn would be a guide for selection for the
improvement of a population. Therefore, an attempt has been




S. Y. DHURAI et al,

made to find out the genetic variability for characters of
economic importance and their heritability and genetic
advance which would help in selection and further
improvement of rice genotypes under integrated fertilizer
condition.

MATERIALS AND METHODS

A field experiment was conducted with 32 rice (Oryza sativa
L.) genotypes at the wetland farm of S.V Agricultural College,
Tirupati which is situated at an altitude of 182.90 m above
mean sea level, 13°N latitude and 79°E longitude during Kharif
2009. Seeds of the 32 genotypes were sown in raised nursery
bed and thirty days old seedlings of each genotype were trans-
planted by adopting a spacing of 20 cm between rows and 15
cm between plants within row in a randomized block design
with three replications. Each genotype was grown in 3 rows
with a plot size of 2.4 m2. The crop was grown with the appli-
cation of 50% organic fertilizers through FYM (which is equiva-
lent to 60 kg N ha') and 50% recommended dose of chemi-
cal fertilizers (which is equivalent to 60 kg N, 30 kg P,O, and
30 kg K,O per hectare in the form of urea, single super phos-
phate and muriate of potash (Panchali, 2009). The recom-
mended agronomical practices and plant protection measures
were followed to ensure normal crop. Five competitive plants
were selected randomly from the center row of each genotype
in each replication and observations were recorded for char-
acters like, number of effective tillers per plant, plant height,
panicle length, number of grains per panicle, 1000-grain
weight, kernel length, kernel breadth, kernel length/breadth
ratio, kernel length after cooking, kernel elongation ratio, har-
vest index and grain yield per plant except days to 50% flow-
ering and days to maturity, whereas the latter two characters
were recorded on plot basis. Panicle and grain characters
were recorded on five panicles of selected plants, the quality
characters like kernel length, kernel breadth, kernel length
after cooking was measured using grain vernier (Panchali,
2009). The data recorded for all the characters whose mean
values were subjected to analysis of variance to test the signifi-
cance for each character as per methodology proposed by
Panse and Sukhatme (1961). The genotypic and phenotypic
variances as well as the genotypic (GCV) and phenotypic (PCV)

coefficient of variation were calculated by the formulae given
by Burton (1952). Heritability in broad sense [h? ;] and ge-
netic advance (GA) were estimated by the following formula
given by Johnson et al. (1955).

RESULTS AND DISCUSSION

Genetic variability in any crop is pre-requisite for selection of
superior genotypes over the existing cultivars. Variance
analysis for all the characters revealed significant variation
among the genotypes studied (Table 1), indicating the
existence of sufficient amount of variability. These results were
in conformity with the earlier findings of Kumar et al. (2006),
Salgotra et al. (2009) and Dhanwani et al. (2013). The
magnitude of phenotypic co-efficient of variation (PCV) in
general was found higher than the genotypic co-efficient of
variation (GCV) for all the characters studied indicated the
influence of environment on the manifestation of these
characters (Kavita and Reddy, 2002 and Sreeparvathy et al.,
2010). However, the difference between PCV and GCV was
less for the traits, days to 50 per cent flowering, days to maturity,
plant height, panicle length, number of grains per panicle,
kernel length, kernel breadth, kernel L/B ratio, kernel length
after cooking, kernel elongation ratio, 1000-grain weight and
grain yield per plant. The similar result was observed by
Dhanwani et al. (2013).

Among the characters, higher estimates of PCV and GCV were
observed for the number of grains per panicle and yield per
plant. This indicates the existence of wide genetic base among
the genotypes taken for study and possibility of genetic
improvement through direct selection for these traits. These
results are also in conformity with the findings of Chandra et
al. (2009), Pandey and Singh (2011), Bhadru et al. (2012) and
Dhanwani et al. (2013) for grain yield per plant and number
of grains per panicle. The PCV and GCV recorded moderate
values for the traits, number of effective tillers per plant, plant
height, panicle length, kernel length after cooking, kernel
elongation ratio, 1000-grain weight and harvest index. Hence,
selection for these traits may be misleading if adopted for
improvement programme under integrated fertilizer
management through these traits. Similar kind of findings were
also observed by Raju et al. (2004) for number of effective

Table 1: Analysis of variance for fourteen characters in 32 rice genotypes

S.No.  Character Mean sum of squares
Replications (df=2) Treatments (df=31) Error(df=62)

1. Days to 50% flowering 3.218 265.957** 1.146
2. Days to maturity 1.125 326.231** 1.727
3. Number of effective tillers per plant 2.093 649.291** 5.133
4. Plant height (cm) 0.956 5.742%* 0.340
5. Panicle length (cm) 0.433 20.752%* 0.745
6. Number of grains per panicle 11.812 3429.436%* 74.076
7. Kernel length (mm) 0.008 0.065** 0.005
8. Kernel breadth (mm) 0.001 0.104** 0.011
9. Kernel L/B ratio 0.002 2.561** 0.001
10. Kernel length after cooking (mm) 9.000 0.069** 0.005
11. Kernel elongation ratio 2.046 28.487** 1.220
12. 1000-grain weight(g) 8.453 139.971%* 11.382
13. Harvest index (%) 0.009 0.185** 0.031
14. Grain yield per plant (g) 1.137 34.431%* 2.166

* Significant at 5% ; ** Significant at 1%
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Table 2: Mean, Range, Co-efficient of variation, Heritability (broad-sense) and Genetic advance as per cent of mean for 14 characters in rice

under integrated fertilizer management

S.No. Character Mean Range Phenotypic  Genotypic  Heritability Genetic
co-efficient  co-efficient  in broad advance as
of variation _ of variation _sense (h?b) % of mean

1. Days to 50% flowering 100.75 76.67-117.67 9.38 9.33 98.83 19.10

2. Days to maturity 127.38 102.00-145.67  8.21 8.18 99.33 16.79

3. Plant height (cm) 96.83 77.37-130.43 15.31 15.13 97.67 30.81

4. Number of effective tillers per plant  8.99 5.93-11.00 16.27 14.92 84.10 28.19

5. Panicle length (cm) 22.85 17.73-26.87 11.70 11.41 95.17 22.94

6. Number of grains per panicle 144.79 87.83-206.93 23.85 23.10 93.79 46.08

7. Kernel length (mm) 5.73 5.06-6.11 4.38 4.32 97.39 8.78

8. Kernel breadth (mm) 2.31 2.01-2.56 6.46 6.39 97.76 13.01

9. Kernel L/B ratio 2.49 2.08-2.90 7.56 7.45 97.02 15.11

10. Kernel length after cooking (mm) 8.00 5.80-9.92 11.55 11.54 99.91 23.77

11. Kernel elongation ratio 1.39 1.01-1.67 11.09 10.85 95.81 21.88

12. 1000-grain weight (g) 22.55 16.50-27.27 14.15 13.45 89.97 26.22

13. Harvest index (%) 45.67 24.63-55.82 16.13 14.33 79.02 26.25

14, Grain yield per plant (g) 15.11 7.77-21.30 23.17 22.04 90.48 43.20

tillers per plantand 1000-grain weight; Kumar et al. (2013) for
plant height; Mishra and Pravin (2004) and Singh et al. (2013)
for panicle length and harvest index and Patil et al. (2003) for
kernel length after cooking. The estimates of PCV and GCV
were low for the characters days to 50% flowering, days to
maturity, kernel length, kernel breadth and kernel L/B ratio.
The selection for these traits would offer very little scope for
genetic improvement of the genotypes under study. Similar
results were also obtained by Singh et al. (2005) for kernel
length, kernel breadth and kernel L/B ratio; Mamta Singh et al.
(2007) for days to 50 per cent flowering and Das et al. (2005)
and Kumar et al. (2013) for days to maturity. High coefficient
of variability indicated that there is a scope of selection and
improvement of these traits. Low values indicated the need for
creation of variability either by hybridization or mutation
followed by selection. Similar finding were also reported by
Singh et al. (2006) and Pandey and Anurag (2010).

The amount of genetic variation considered alone will not be
of much use to the breeder unless supplemented with the
information on heritability estimate, which gives a measure of
the heritable portion of the total variation. It has been suggested
by Burton and Devane (1953) that the GCV along with
heritability estimate could provide a better picture of the amount
of advance to be expected by phenotypic selection. Since
genetic advance is dependent on phenotypic variability and
heritability in addition to selection intensity, the heritability
estimates in conjunction with genetic advance will be more
effective and reliable in predicting the response to selection
(ohnson et al., 1955). Heritability in broad sense includes
both additive and non-additive gene effects (Hanson et al.,
1956). While, narrow sense heritability includes only additive
components (Johnson et al., 1955). In the present study, the
heritability estimates ranged from 79.02% (harvest index) to
99.91% (kernel length after cooking). High estimates of
heritability were obtained by all characters, indicating the major
role of additive gene action in inheritance of these traits.
According to Panse (1957) if a character is governed by non-
additive gene action, it may give high heritability but low genetic
advance, whereas, of it is governed by additive gene action,

high heritability along with high genetic advance provide good
scope for further improvement. The traits number of effective
tillers per plant, plant height, panicle length, number of grains
per panicle, kernel elongation ratio, kernel length after cooking,
1000-grain weight, harvest index and yield per plant expressed
high heritability values with high genetic advance as per cent
of mean. The additive gene effects are responsible for these
and selection for these traits could be beneficial. These results
were in accordance with the findings of Singh et al. (2005) for
number of effective tillers per plant; Chaturvedi et al. (2011)
and Singh et al. (2013) for plant height; Nayudu et al. (2007)
for panicle length and number of grains per panicle;
Chikkalingaiah et al. (1999) for kernel elongation ratio;
Veerabadhiran et al. (2009) for kernel length after cooking
and grain yield per plant and Bhadru et al. (2012) for 1000-
grain weight and harvest index.

High estimates of heritability associated with moderate genetic
advance as percentage of mean were recorded for days to 50
per cent flowering, days to maturity, kernel breadth and kernel
L/B ratio indicating that both additive and non-additive gene
effects governed these characters. Hence, simple direct
selection may be effective to improve these traits. These traits
could also be improved by adapting recurrent selection
method. These results were in consonance with the findings
of Mamta Singh et al. (2007) for days to 50 per cent flowering;
Das et al. (2005) for days to maturity; Sarawgi et al. (2000) for
kernel breadth and kernel L/B ratio. Sarkar et al. (2007) and
Raju et al. (2004) recorded high heritability coupled with low
genetic advance for kernel length which is in conformity with
present experiment suggesting greater role of non-additive gene
action in their inheritance of these character. Therefore
heterosis breeding could be used to improve these traits.

The overall results indicated that there is adequate genetic
variability present in the material studied. The GCV, PCV, broad
sense heritability and genetic advances as percent of mean
suggested number of effective tillers per plant, plant height,
panicle length, number of grains per panicle, kernel elongation
ratio, kernel length after cooking, 1000-grain weight, harvest
index and grain yield per plant were important contributing
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traits and selection based on these traits would be most
effective.

REFERENCES

Anonymous 2004. Progress report: Towards achieving food security,
Directorate of Rice Research. (ICAR), Hyderabad, India. pp.1-5.

Bhadru, D., Tirumala, R. V., Chandra, M. Y. and Bharathi, D. 2012.
Genetic variability and diversity studies in yield and its component
traits in rice (Oryza sativa L.). SABRAO J. Breeding and Genetics.
44(1): 129-137.

Burton, G. W. and Devane 1953. Estimating heritability in tall fescue

(Festula arundnacea L.) from replicated clonal material. Agron. J. 45:
478-481.

Burton, G. W. 1952. Quantitative inheritance in grasses. Proceedings
of 6! Grassland Congress J. 1: 277-281.

Chandra, B. S., Reddy, T. D. and Kumar, S. S. 2009. Variability
parameters for yield, its components and quality traits in rice (Oryza
sativa L.). Crop Res. (Hisar). 38(1/3): 144-146.

Chaturvedi, H. P. Talukdar, P. and Changkija S. 2011. Genetic
variability in local lowland rice (Oryza sativa L.) germplasm of
Nagaland. Envir. and Fco. 29(2A): 888-891.

Chikkalingaiah Shridhara, S., Lingaraju, S. and Radha Krishna, R. M.
1999. Genetic variability of plant and quality traits in promising
genotypes of scented rice (Oryza sativa L.). Mysore J. Agri. Sci. 33(4):
338-341.

Das, R., Borbora, T. K., Sarma, M. K. and Sarma, N. K. 2005. Genotypic
variability for grain yield and flood tolerance in semi deep water rice
(Oryza sativa L.) of Assam. Oryza. 42(4): 313-314.

Dhanwani, R. K., Sarawgi, A. K., Solanki, A. and Tiwari, J. K. 2013.
Genetic variability analysis for various yield attributing and quality
traits in rice (O. sativa L.). The Bioscan. 8(4): 1403-1407.

Hanson, C. H., Robinson, H. F. and Comstock, R. K. 1956. Biometrical
studies on yield in segregating population of Korean Lasphadezia.
Agron. J. 48: 314-318.

Johnson, H. W., Robinson, H. F. and Comstock, R. E. 1955. Estimation
of genetic and environmental variability in soybean. Agro. J. 47: 314-
318.

Kavitha, S. and Reddy, S. R. 2002. Variability, heritability and genetic
advance of some important traits in rice (Oryza sativa L.). The Andhra
Agri. J. 49(3-4): 222-224.

Kumar, A., Rangare, N. R. and Vidyakar, V. 2013. Study of genetic
variability of Indian and exotic rice germplasm in Allahabad
agroclimate. The Bioscan. 8(4): 1445-1451.

Kumar, A., Singh, N. K., Sharma, V. K. 2006. Combining ability
analysis for identifying elite parents for heterotic rice hybrids. Oryza.
43(2): 82-86.

Mamta, S., Kumar, K. and Singh, R. P. 2007. Study of co-efficient of
variation, heritability and genetic advance in hybrid rice. Oryza.
44(2): 160-162.

Mishra, L. K. and Pravin, J. 2004. Variability and genetic diversity in
rice (Oryza sativa L.). Mysore ). Agri. Sci. 38(3): 367-375.

Nayudu, K. S. R., Vasline. Y. A. and Vennila, S. 2007. Studies on
variability, heritability and genetic advance for certain yield
components in rice (Oryza sativa L.) var. Jeeraga Samba. Crop Impro.
34(2): 142-144.

Panchali G. 2009. Studies on genetic associations and phenotypic
stability of rice (oryza sativa L.) varieties for yield and quality traits

under different fertilizers management. M.Sc. Thesis,

ANGRAU, Hyderabad, AP.

Pandey, P. and Anurag, P. J. 2010. Estimation of genetic parameters
of indigenous rice. AAB Bioflux. 2(1): 79-84.

Pandey, P. G. and Singh, D. P. D. 2011. Genetic variability for yield
and quality traits in rice (Oryza sativa L.). Res. on Crops. 12(1): 182-
184.

Panse, V. G. and Sukhatme, P. V. 1961. Statistical methods for
agricultural workers. 2" Edn ICAR, New Delhi. p. 361.

Panse, V. G. 1957. Genetics of quantitative characters in relation to
plant breeding. Indian J. Genet. 17: 318-328.

Patil, P. V., Sarawgi, A. K. and Shrivastava, M. N. 2003. Genetic
analysis of yield and quality traits in traditional aromatic accessions of
rice. J. Maha. Agri. Uni. 28(3): 255-258.

Prasad, B., Patwary, A. K.and Biswas ,P. S. (2001). Genetic variability
and selection criteria in fine rice (Oryza sativa L.). Pakistan J. Biol. Sci.
4:1188-1190.

Raju, C. H. S., Rao, M. V. B. and Sudarshanam, A. 2004. Genetic
analysis and character association in F, generation of rice. Madras
Agri. J. 91(1-3): 66-69.

Robenzon, E. L. and Rex, B. 2008. Genetic correlation between corn

performance in organic and conventional production systems. Crop
Sci. 48: 903-910.

Salgotra, R. K., Gupta, B. B. and Singh, P. 2009. Combining ability
studies for yield and yield components in basmati rice. Oryza. 46(1):
12-16.

Sarawagi, A. K., Rastogi, N. K. and Soni, D. K. 1997. Studies on
some quality parameters of indigenous rice in Madhya Pradesh. Aun.
Agric. Res. 21: 258-261.

Sarkar, K. K., Bhutia, K. S., Senapati, B. K. and Roy, S. K. 2007.
Genetic variability and character association of quality traits in rice
(Oryza sativa L.). Oryza. 44(1): 64-67.

Singh, C. M., Suresh Babu, G., Kumar. B. and Mehandi, S. 2013.
Analysis of quantitative variation and selection criteria for yield
improvement in exotic germplasm of upland rice (Oryza sativa L.).
The Bioscan. 8(2): 485-492.

Singh, )., Dey, K., Sanjeev Singh and Shahi, J. P. 2005. Variability,
heritability, genetic advance and genetic divergence in induced mutants
of irrigated basmati rice (Oryza sativa L.). Oryza. 42(3): 210-213.

Singh, S. P., Singhar, G. S. Parray, G. A. Bhat, G. N. 2006. Genetic
variability and character association studies in rice (Oryza sativa L.).
Agri. Sci. Digest. 26(3): 212-214.

Sreeparvathy, P. V. Vashi, R. D. and Kodappully, V. C. 2010. Genetic
variability, heritability and genetic advance in rice (Oryza sativa L.). J.
Ecobiology. 26(3/4):205-210.

Thakare, 1. S., Patel, A. L. and Mehta, A. M. 2013. Line x tester
analysis using CMS system in rice (Oryza Sativa L.). The Bioscan.
8(4): 1379-1381.

Veerabadhiran, P., Umadevi, M. and Pushpam, R. 2009. Genetic
variability, heritability and genetic advance of grain quality in hybrid
rice. Madras Agri. J. 96(1-6): 95-99.

Venuprasad, R., Shashidhar, H. E., Hittlamani Shailaja. 2003.
Evaluation of performance of rainfed lowland rice cultivars of south
Karnataka in two diverse environments. Mysore J. Agri. Sci. 37(4):
294-300.

Yadav, D. S. and Alok, K. 2009. Long-term effect of nutrient
management on soil health and productivity of rice (Oryza sativa)-
wheat (Triticum aestivum) system. Ind. J. Agro. 54(1): 15-23.

(Ag.)




