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Abstract: The experiment was conducted at the instructional farm of the College of Agriculture, Rewa 
(M.P.). The crosses were made in a diallel manner using 10 parents in on-way, excluding reciprocal, 
during Kharif 2018. During Kharif 2019, 45 F1’s and their parents were evaluated to study the “genetic 
parameters of variation in rice (Oryza sativa L.)” in a randomized block design (RBD) with three 
replications. The cross-combination IR64 X NPT14-10 was found to be best for yield and most of the 
yield-attributing traits. Moderate estimates of phenotypic and genotypic coefficients of variation were 
recoded for grain yield per plant (15.83 and 14.15), number of effective tillers per plant, number of tillers 
per plant, weight of panicle, and test weight. High heritability was recorded for days to maturity (92.27), 
followed by test weight (89.93), plant height (83.96), grain yield per plant (79.92), days to 50% flowering 
(79.38), weight of panicle (77.76), number of grains per panicle (77.63), and biological yield per plant 
(74.44). The high genetic advance was recorded for grain yield per plant (26.06), followed by test weight 
(20.49). High heritability coupled with high genetic advance was recorded for test weight, followed by 
grain yield, indicating that these traits were governed by additive gene action. Heritability estimates 
indicated that these traits were heritable and less influenced by the environment. Hence, these traits 
were more suitable for direct selection for higher seed yield in rice.
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INTRODUCTION
Rice (Oryza sativa L.) is a globally essential cereal 
food crop for over half the world’s population 
(Muthayya et al., 2014; EI Sayed et al., 2021). 
It has valuable nutritional benefits with high 
contents of carbohydrates, minerals, calories, 
protein, and vitamins (Kun et al. 2013), and its 
grain comprises carbohydrates (71.1 g), protein 
(7.3 g), crude fat (2.2 g), and is low in fiber. Its fat 
content is primarily omega-6 fatty acids, which 
are considered pro-inflammatory. Globally, its 
cultivated area is almost 162 million hectares, 
with a production of 756 million tons (FAOSTAT, 
2021). This production should be increased to 
cope with continuing population growth and the 
threat of environmental pressures (Chang et al., 
2016).

In India, the major rice-growing states are 
Uttar Pradesh, West Bengal, Odisha, Bihar, 

Chhattisgarh, Andhra Pradesh, and Madhya 
Pradesh. West Bengal is the largest producer of 
rice, followed by Uttar Pradesh. Rice is one of the 
most important food grains in production and 
consumption; it occupies 23.3 percent of the gross 
cropped area of the country and contributes 43 
percent of total food grain production. In India, 
there are 45.07 mha with a production of 122.27 
mt and a productivity of 2713 kg/ha (Agricultural 
Statistics at a Glance 2021, Government of India, 
Ministry of Agriculture and Farmers Welfare, 
Directorate of Economics and Statistics). In M.P., 
rice is grown in an area of about 1.98 mha with 
a production of 4.52 mt and a productivity of 
2270 kg/ha (Annual Report, 2018-19, Directorate 
of Economics and Statistics, Department of 
Agriculture and Farmers Welfare, Ministry of 
Agriculture and Farmers Welfare, Govt. of India).
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MATERIALS AND METHODS
The experiment was conducted at the 
instructional farm of the College of Agriculture, 
Rewa (M.P.), situated in the northeastern part of 
Madhya Pradesh at 24º 30’ North latitude, 81º 
15’ East longitude, and 365.7 meters above mean 
sea level. Rewa traditionally falls under the rice-
wheat crop zone and belongs to the “Kymore 
Plateau and Satpura Hills Agro-Climatic Zone” 
of Madhya Pradesh. The climate of Rewa is 
subtropical, i.e., hot and dry summers and cold 
winters, with an average annual rainfall of 1140 
mm. The crosses were made in a diallel manner 
using 10 parents in on-way, excluding reciprocal, 
during Kharif 2018. The experiment was laid out 
in a randomized block design (RBD) with three 
replications to evaluate 55 genotypes (45 F1’s and 
10 parents) during Kharif 2019. Each genotype 
was transplanted in two rows of 2 meters with 
20 cm spacing between row to row and 15 cm 
between plant to plant. The recommended dose 
of fertilizer for the transplanted condition was 
applied. The observations of quantitative traits 
were recorded based on five plants taken from 
each cross and parent.

RESULTS AND DISCUSSION
Data from the analysis of variance and genetic 
parameters of variations influenced by various 
genotypes are presented in Tables 1, 2, and 3.

The analysis of variance was carried out to 
partition the total variance into variances due 
to genotype and other sources for all traits. The 
mean sum of squares due to treatment was found 
to be highly significant for all the morphological 
traits under study, indicating the presence of 
an adequate amount of variability among the 
treatments. The magnitude of the phenotypic 
coefficient of variation (PCV) was higher than 
the genotypic coefficient of variation (GCV) for 
all the characters. Moderate GCV and PCV were 
recorded for grain yield per plant (14.15, 15.83), 
respectively, which suggested less environmental 
influence and a greater role of genetic factors in 
the expression of the traits. Similar findings were 
also reported by Babu et al. (2012), Adhikari et al. 
(2018), and Divya et al. (2018) for grain yield per 
plant.

Similarly, moderate genotypic and 
phenotypic coefficients of variation were also 
observed for the number of effective tillers per 
plant (11.67, 15.62), number of tillers per plant 
(10.21, 14.49), weight of panicle (10.43, 11.83), and 
test weight (10.49, 11.06). Whereas, the number 
of filled grains per panicle (7.67, 10.94), biological 
yield per plant (9.43, 10.93), and number of 
grains per panicle (9.08, 10.31) recorded a 
moderate phenotypic coefficient of variation and 
a low genotypic coefficient of variation. Similar 
findings were also reported by Savitha and Usha 
(2015), and Dey et al. (2019) for the number of 
effective tillers per plant and the number of filled 
grains per panicle. Low estimates of genotypic 
and phenotypic coefficients of variation were 
recorded in plant height, panicle length, days to 
maturity, and days to 50% flowering. Sala and 
Shanthi (2016) reported similar results for plant 
height and panicle length, and for days to 50% 
flowering similar findings were illustrated by 
Gautam et al. (2016), and Singh et al. (2018). 

The heritability estimates for twelve 
quantitative characters ranged from 49.11 
to 92.27 for the number of filled grains per 
panicle and days to maturity, respectively. The 
heritability (broad sense) was high for days 
to maturity (92.27), followed by test weight 
(89.93), plant height (83.96), grain yield per plant 
(79.92), days to 50% flowering (79.38), weight 
of panicle (77.76), number of grains per panicle 
(77.63), biological yield per plant (74.44), and it 
was observed to be moderate for the number of 
effective tillers per plant (55.80), panicle length 
(54.43), number of tillers per plant (49.57), and 
number of filled grains per panicle (49.11). 
Similar results have also been illustrated for 
these traits by Islam et al. (2015), Sameera et al. 
(2016), Gour et al. (2017), Neupane et al. (2018), 
Singh et al. (2018), Sandeep et al. (2018), Lipi et 
al. (2020), Ganapati et al. (2020), and Fentie et al. 
(2021).

The genetic advance is commonly predicted 
as a product of the heritability ratio and the 
selection differential. The high heritability, 
accompanied by a high genetic gain over 
the percent of the mean, shows that there is 
an additive gene effect for the trait. If high 
heritability is accompanied by low genetic gain, 
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the over-percentage of the mean shows non-
additive gene action. Therefore, the estimates 
of genetic gain over percent of the mean are 
important to get an idea of the effectiveness of 
selection. A high genetic advance was pointed 
for grain yield per plant (26.06), followed by 
test weight (20.49). Whereas, it was found to be 
moderate for the weight of the panicle (18.95), 
followed by the number of effective tillers per 
plant (17.96), biological yield per plant (16.76), 
number of grains per panicle (16.48), plant height 
(15.31), number of tillers per plant (14.79), and 
number of filled grains per panicle (11.07). While 
panicle length (6.83), days to maturity (6.01), and 
days to 50% flowering (4.87) had exhibited a low 
genetic gain over the percent of the mean, Similar 
findings were suggested by Fentie et al. (2021), 
Ghirmire et al. (2019), Divya et al. (2018), Singh 
et al. (2018), Devi et al. (2017), Edukondalu et al. 
(2017), Acharya et al. (2018), Singh et al. (2015), 
and Ketan and Sarkar (2014) for grain yield per 
plant, test weight and most of the traits under 
study. Days to maturity observed low genetic 
gain over percent of the mean. It indicated that 
there was little influence of environmental effects 
on the inheritance of these traits, and these traits 
were governed by non-additive genes, so direct 
selection is not beneficial. Further improvements 
in yield potentiality and yield traits for these 
genotypes are suggested by creating variation 
and selection.

The high heritability coupled with high 
genetic gain over the percent of mean was 
observed for test weight, followed by grain yield. 
It indicated that these traits were governed by 
additive gene action, and selection for these traits 
in segregating populations is more effective. 
Hence, it indicated the predominance of additive 
gene action in controlling these characters. By this, 
Immanuel et al. (2011), Devi et al. (2017), Prasad 
et al. (2017), Singh et al. (2018), and Sandeep et 
al. (2018) for test weight, and Singh et al. (2015), 
Edukandalu et al. (2017), Acharya et al. (2018), 
Singh et al. (2018), Dey et al. (2019), Ghimire et al. 
(2019), and Fentie et al. (2021) for grain yield per 
plant. Plant height, weight of panicle, number 
of grains per panicle, and biological yield per 
plant exhibited high heritability and moderate 
genetic gain over the percent of the mean. This 
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Table 2: Mean, range, and coefficient of variance (CV) of parents and crosses for twelve quantitative traits.

Traits Parents Crosses CV
Mean Range Mean Range

Min Max Min Max
DF 57.80 54.67 61.33 57.61 54.67 60.67 1.353
DM 117.87 110.67 124.00 119.37 112.33 125.33 0.880

PH (cm) 86.76 82.47 93.67 88.96 72.53 108.33 3.545
NT 10.31 9.60 12.60 11.36 9.67 16.07 10.291

NET 8.02 7.33 9.80 9.21 7.60 13.07 10.388
PL (cm) 22.47 21.07 24.47 23.84 20.93 25.60 4.111

WP 22.87 17.99 27.51 26.67 20.86 31.58 5.581
NG 106.23 94.67 123.00 112.77 92.33 135.00 4.876

NFG 90.50 83.67 108.67 95.59 74.67 115.33 7.805
BY (gm) 39.86 37.03 46.50 45.42 35.61 52.07 5.527

TW weight 
(gm)

23.73 19.50 27.70 22.06 18.60 27.63 3.509

GY (gm) 16.58 15.07 21.77 20.63 14.97 25.33 7.093

Table 3: Estimates of Genetic Variability
S. No. Character Range PCV GCV H2

(bs) %
GA over
percent
meanMin. Max.

1 DF 53.00 62.00 2.98 2.65 79.38 4.87

2 DM 110.00 126.00 3.16 3.04 92.27 6.01

3 PH (cm) 71.00 113.4 8.85 8.11 83.96 15.31

4 NT 9.00 17.80 14.49 10.21 49.57 14.79

5 NET 7.00 14.40 15.62 11.67 55.80 17.96

6 PL (cm) 19.00 26.60 6.09 4.49 54.43 6.83

7 WP 15.12 34.75 11.83 10.43 77.76 18.95

8 NG 81.00 138.00 10.31 9.08 77.63 16.48

9 NFG 64.00 125.00 10.94 7.67 49.11 11.07

10 BY (g) 34.40 54.21 10.93 9.43 74.44 16.76

11 TW (g) 18.00 28.60 11.06 10.49 89.93 20.49

12 GY (g) 14.00 26.67 15.83 14.15 79.92 26.06

PCV= Phenotypic coefficient of variation, GCV= Genotypic coefficient of variation, H2= Heritability (broad sense), GA over 
percent mean = Genetic advance

also indicates the greater role of non-additive 
gene action in their inheritance, suggesting 
heterosis breeding could be used to improve 
these traits. Similar findings were also reported 
by Acharya et al. (2018) and Singh et al. (2015) 
for plant height and biological yield. Whereas 
high heritability coupled with low genetic gain 
over percent of mean were exhibited for days to 

maturity and days to 50% flowering, it indicates 
that the selection is not effective for these traits. 
Similar findings were supported by Sameera et 
al. (2016). Moderate heritability coupled with 
moderate genetic gain over percent of the mean 
was observed for the number of tillers per plant, 
the number of effective tillers per plant, and the 
number of filled grains per panicle. Moderate 
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heritability coupled with low genetic advance 
over percent of the mean was observed for 
panicle length. In this regard, Singh et al. (2015) 
reported a similar finding for the number of 
tillers per plant.

CONCLUSION
From the present investigation findings, it may 
be concluded that significant genetic variability 
was observed for all the traits studied. The cross 
IR64 X NPT 14-10 was found to be the best for 
yield and most of the yield attributes. The high 
heritability was observed for days to maturity, 
test weight, plant height, grain yield per plant, 
days to 50% flowering, weight of panicle, number 
of grains per panicle, and biological yield per 
plant. It indicated that these traits were heritable 
and less influenced by the environment. The 
genetic advance was recorded as high for grain 
yield per plant and test weight. High heritability 
coupled with high genetic gain over the mean 
were observed in test weight, followed by 
grain yield. It concluded that these traits were 
governed by additive gene action and that the 
selection of these traits would be effective, as 
genetic advances are high due to additive gene 
action.
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