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ABSTRACT

The current experimental investigation, entitled “Analysis of Genetic Parameters in Rice (Oryza Sativa
L.) Genotypes Including Variability, Heritability and Genetic Advance" was conducted during the
Kharif, 2022 at the Agricultural Research Farm, Hirapuri Colony of Institute of Agricultural and Natural
Sciences, Deen Dayal Upadhyaya Gorakhpur University, Gorakhpur. The investigation was conducted
with 13 promising rice germplasm lines. The nursery sowing for all 13 genotypes of rice in Kharif 2022
was completed on June 22 and transplanting was done in field on July 4. A row of 1.5 m in length with 3
replications of each genotype was planted. Analysis of variance (ANOVA) for eleven traits among 13
rice genotypes revealed significant differences for all the studied characters, indicating the presence of
substantial genetic variability among the genotypes. This variability provides ample opportunity for the
selection of superior genotypes for yield enhancement. During Kharif 2022, the genotypes Damini and
Sarjoo-52 exhibited the earliest flowering and maturity, respectively, suggesting their potential use as
donor parents in breeding programs aimed at developing early-maturing rice varieties. The phenotypic
coefficient of variation (PCV) and genotypic coefficient of variation (GCV) were moderate for effective
tillers per plant, 1000-grain weight, and grains per panicle. Biological yield per plant showed moderate
PCV but low GCV, whereas the remaining traits exhibited low PCV and GCV values. High heritability
coupled with moderate genetic advance was observed for effective tillers per plant, 1000-grain weight,
grains per panicle, and biological yield per plant. Traits such as days to 50% flowering, days to maturity,
panicle length, grain length, and grain length-to-breadth ratio recorded high heritability along with low
genetic advance. Plant height exhibited high heritability with moderate genetic advance, while grain
breadth showed moderate heritability associated with low genetic advance.

Keywords : Rice, ANOVA, GCV, PCV, Genetic advance, Heritability.

Introduction

Rice (Oryza sativa L.) is one of the most
important cereal crops worldwide and acts as the
primary food source for more than half of the global
population (Darko et al., 2025). It plays a significant
role in maintaining food and nutritional security,
especially in Asian countries where rice forms the
major component of the daily diet (Mukka et al., 2025;
Jukanti et al., 2025; Yilmaz and Yilmaz, 2025). In

India, rice is grown extensively across diverse agro-
climatic regions and contributes substantially to the
agricultural economy and rural employment (Gupta et
al., 2025). Rapid population growth, climate change,
reduction in cultivable land and rising food demand
have increased the need for developing high-yielding
and climate-resilient rice varieties (Molla et al., Qiao et
al., 2026).
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The effectiveness of any plant breeding
programme mainly depends on the magnitude of
genetic variability present in the available germplasm
(Modarresi, 2026; Islam et al., 2025). Genetic
variability serves as the fundamental basis for selection
and helps breeders identify superior genotypes with
desirable agronomic and yield-related characters (Ali
et al., 2026; Sadran et al., 2025). In rice improvement
programmes, sufficient variability for yield and its
associated traits provides greater opportunities for the
development of improved cultivars with enhanced
productivity and wider adaptability (Lin et al., 2025;
Akter et al., 2025). Therefore, evaluating the extent of
genetic variability among rice genotypes is an essential
prerequisite for successful crop improvement.

Grain yield is a complex quantitative trait that is
highly influenced by environmental conditions.
Consequently, selection based only on phenotypic
performance may not always be reliable (Choi et al.,
2025; Lixiao et al., 2025). The estimation of genotypic
coefficient of variation (GCV) and phenotypic
coefficient of variation (PCV) helps in determining the
degree of variability present in different characters as
well as the influence of the environment on their
expression (Modarresi, 2026; Yadav et al., 2026).
Traits exhibiting high GCV and PCV values indicte
greater potential for improvement through selection
(Pallavi et al., 2025; Islam et al., 2025).

Heritability is an important genetic parameter that
indicates the proportion of phenotypic variation
governed by genetic factors (Nanda et al., 2026). High
heritability estimates suggest that the observed
variability is primarily due to genetic causes, making
phenotypic selection more effective (Modarresi, 2026;
Ghosh et al., 2025). However, heritability alone is
insufficient for predicting the actual progress from
selection. Hence, genetic advance in combination with
heritability provides a more dependable estimate of
expected genetic gain (Anusha et al., 2025). High
heritability accompanied by high genetic advance
generally reflects the predominance of additive gene
action, whereas high heritability with low genetic
advance may indicate the role of non-additive gene
effects and environmental influence (Naik et al., 2025).

Keeping these facts in view, the present study
entitled “Analysis of Genetic Parameters in Rice
(Oryza Sativa L.) Genotypes Including Variability,
Heritability and Genetic Advance” was undertaken to
assess the extent of genetic variability among rice
genotypes and to estimate heritability and genetic
advance for yield and related traits. The outcome of
this investigation will be useful in identifying superior

genotypes and important selection criteria for future
rice breeding programmes.

Materials and Methods

The current experimental investigation, entitled
"Analysis of Genetic Parameters in Rice (Oryza Sativa
L.) Genotypes Including Variability, Heritability and
Genetic Advance" was conducted during the Kharif,
2022 at the Agricultural Research Farm, Hirapuri

Colony of Institute of Agricultural and Natural
Sciences, Deen Dayal Upadhyaya Gorakhpur
University, Gorakhpur. The investigation was

conducted with 13 promising rice germplasm lines.
The nursery sowing for all 13 genotypes of rice in
Kharif 2022 was completed on June 22 and
transplanting was done in field on July 4. A row of 1.5
m in length with 3 replications of each genotype was
planted. In order to analyse the impact of numerous
traits for heritability, correlation, path analysis, and
genetic divergence on grain production over time, a
spacing of 20 cm x 15 cm was provided, and the crop
was cultivated in accordance with the suggested
package of practices.

Results and Discussion
Analysis of variance and Mean performance

The data were recorded for eleven traits viz., days
to 50% flowering, days to maturity, plant height, 1000
grain weight, effective tillers per plant, panicle length,
grains per panicle, grain length, grain breadth, grain
length breadth ratio and grain yield per plant from
experiment and subsequently subjected to statistical
analysis. The result obtained in the present
investigation has been discussed (Table-1). For all the
studied traits, including days to 50% flowering, days to
maturity, plant height, 1000 grain weight, effective
tillers per plant, panicle length, grains per panicle,
grain length, grain breadth, grain length-to-breadth
ratio, and grain yield per plant, the analysis of variance
revealed significant differences among the genotypes.

All of the quantitative features under study
showed a sizable range of variance, indicating that
there is room for improvement in a desired direction.
Table-2 displays the mean and standard deviation of
variation for several characters. The values of range
demonstrated significant genotype-to-genotype
variation for each character. The distribution of
variance was nearly uniform on both sides of the
means derived for each attribute, indicating that the
genotypes were distributed normally. The minimum
number of days to 50% flowering was recorded in
Damini (102 days) while the maximum number of DFF
was observed in CR Dhan 511 (135.67 days). The
general mean for this character recoded was 117.38
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within the range of 102 to 135.67 days. The range of
days to maturity was varying between 132.67 to 161.33
days and mean performance for this character was
recorded 148. The genotype Sarjoo-52 (132.67 days)
recorded the least number of the days to maturity while
the genotype CR Dhan 511 (161.33 days) recorded
maximum number of days to maturity. The maximum
plant height was recorded by genotype Varsha Dhan
(150 cm) and minimum plant height was recorded by
genotype Chintua (97.33 cm). The mean value for this
character was recorded 117.51 and range varying from
150 to 97.33 cm. The range of 1000 grain weight was
recorded from 14.48 to 24.87 g. The minimum 1000
grain weight was recorded genotype Chintua (14.48 g)
and the maximum 1000 grain weight was recorded
genotype Dhanrekha (24.87 g) while general mean
value for this trait was obtained at 21.76. The range of
effective tillers per plant varied from 5.67 (Damini) to
13 (Dhanrekha), the general mean was recorded 9.56
while the maximum effective tillers per plant was
recorded Damini (5.67) and minimum effective tillers
per plant was recorded Dhanrekha (5.67). The
maximum panicle length was recorded genotype
Sarjoo-52 (28.04 c¢cm) while minimum panicle length
was recorded genotype Swarna Sub-1 (20.25 ¢cm) and
the general mean value was recorded 24.78 and the
range was varying between from 20.25 to 28.04 cm.
The lowest value for grains per panicle was recorded
genotype Swarna Sub-1 (143.33) and highest value for
grains per panicle was recorded genotype Sarjoo-52
(289.67) and recorded mean value for grains per
panicle was 197.64 while range varying from 143.33 to
289.67. The minimum value for grain length was
recorded genotype Chintua (4.40 mm) and maximum
value for grain length was recorded genotype CR Dhan
503 (5.65 mm) and range for this trait was varying
from 4.40 to 5.65 mm while mean value for this trait
was 5.16. The mean for grain breadth was 2.12
recorded which ranged varying from 1.83 to 2.43 mm
while Chintua was the highest grain breadth value and
CR Dhan 1009 was the lowest grain breadth value was
recorded. The genotype CR Dhan 1009 (2.07) obtained
least number of grain length breadth ratio and the
highest grain length breadth ratio was recorded
genotype Badshah Bhog (2.87). The range observed for
this character was 2.07 to 2.87 with a mean value of
2.46. The mean performance for grain yield per plant
was observed 24.99 gm/plant while the range varying
for this trait was from 14.71 to 21.46 g. The highest
value for grain yield per plant was recorded genotype
Swarna and lowest value for this trait was recorded
genotype Sarjoo-52.
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Parameters of variability, Heritability and Genetic
advance:

In Table-3, the estimates of the mean range and
the parameters of variability, including phenotypic and
genotypic coefficients of variability (PCV and GCV),
as well as heritability (h2bs) in the broad sense and
predicted genetic gain as a percentage of mean, are
given for various traits. The range for days to 50%
flowering was from 102 to 135.67 days. Low
estimations for PCV (10.25%) and GCV (10.13%)
were recorded. This character had a high heritability
(97.60%) but a poor genetic advance (20.61%). The
range for days to maturity varied from 13267 to 161.33
days. Low estimations for PCV (6.30%) and GCV
(6.25%) were recorded. This trait showed a high
heritability (98.39%) and a low genetic advance
(12.77%). The ranges of plant height from 97.33 to
150.00 cm. Low estimations were recorded for PCV
(15.11%) and GCV (15.09%). High heritability
(99.68%) and modest genetic advance (31.03%) were
present in this trait. Effective tillers per plant had a
maturity range of 5.67 to 13.00. PCV and GCV
estimations were also in the moderate (21.33% and
20.13%) range. This character's heritability was high
(89.07%) and its genetic advance was moderate
(39.14%). 1000 grain weight range between 14.48 and
24.87 g were present. PCV estimations (16.00%) and
GCV estimates (15.98%) were both moderate type.
High heritability (99.76%) and moderate genetic
advance (32.88%) were present in this feature. The
range of panicle length was between 20.25 and 28.04
cm. PCV (11.31%) and GCV (11.29%) had poor
estimations. High heritability (99.65%) and modest
genetic advance (23.22%) were characteristics of this
person. Range of grain per panicle varied between
143.33 and 289.67. Both PCV (19.86%) and GCV
(19.80%) were moderate for this characteristic. This
trait has a high level of heritability (99.43%) and a
moderate level of genetic advance (40.68%), both of
which imply additive gene action for highly effective
selection. For the trait grain length range between 4.40
and 5.65 mm. PCV (6.63%) and GCV (4.95%) traits
were underwhelming. High heritability (80.39%) and
low genetic advance (10.99%) were characteristics of
this genotype. Grain breadth was in the 1.83 to 2.43
mm range. Low PCV (9.81%) and GCV (7.63%)
figures were provided. This person's genetic advance
was only 12.24%, and heritability was only modest
(60.57%). Length breadth ratio varied between 2.07
and 2.87. PCV (10.34%) and GCV (9.84%) had low
estimations. This trait's genetic advance was only
19.31% and heritability was 90.63 %. Biological yield
per plant varied between 21.46 and 36.17 g. PCV
(16.06%) and GCV (14.92%) estimates were moderate
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and low, respectively. Heritability (86.32%) and
genetic advance (28.55%) estimates were high and
moderate, respectively. Although mean square for all
of these features of the genotypes was substantial,
moderate genetic variability for the yield and other
morphological characters has been detected; as a result,
selection will not be effective. For the tillers per plant
and grain yield per plant in the current study, PCV and
GCV were modest. However, because additive gene
action is so common, and PCV and GCV for 1000
grain weight, grains per panicle, and biological yield
were moderate, along with high to moderate
heritability and genetic progress, led to the conclusion
that these features may be further enhanced through
selection. The low PCV and GCV values for the
quality’s days to 50% flowering, plant height, panicle

length, days to maturity, grain length, grain breadth,
and L: B ratio show that these features have very little
room for development. However, hybridization can
enhance these characteristics. Similar findings for days
to 50% blooming, plant height, panicle length, fertility
percentage, 1000-grain weight, grain length, grain
width, L: B ratio, and elongation ratio reported by
Nanda et al., 2026; Ghosh et al., 2025; Anusha et al.,
2025 suggest that these features are under genotypic
control. Strong heritability does not always imply
strong genetic gain, and it is insufficient on its own to
drive improvement through natural selection. When
used to predict genetic progress, heritability is more
useful. As a result, genetic progress has an advantage
over heritability as a deciding factor for breeders in
selection programs.

Table 1: Analysis of variance for yield and its attributing traits in rice genotypes:

Sourceof |yel pee | pm | PH em) |10 CW| ETpp |pL (cm)| Crains/ | GLILT | GBIBI| | 5 |Gy p(g)
variation (9) panicle | (mm) | (mm)
Replication 2| 9.92 10.23 | 14.33 0.04 287 | 024 9.95 0.216 | 0.014 | 0.002 | 3.41
Treatment 12(427.32**|258.17**|943.92**| 36.28** |11.58**|23.51**|4604.41**|0.306**|0.095**|0.183**| 43.90**
Error 24| 3.48 1.40 1.00 0.03 0.46 0.03 8.75 0.023 | 0.017 | 0.006 2.20
Total 38| 137.66 | 82.95 | 299.47 11.48 4.09 7.46 1460.08 | 0.123 | 0.042 | 0.062 | 15.43
*, ** significant at 5% and 1% level, respectively
Table 2: Mean performance for yield and its attributing traits in rice genotypes:
1000 .
Genotypes prr | om | PP | Gw |ETep | PL | Grains/ | GLIL] | GBIBL || /5 | yp(g)
(cm) @) (cm) | panicle | (mm) | (mm)
Pooja 126.33 | 151.00 | 107.00 | 20.13 | 10.33 | 27.63 | 171.00 5.08 2.00 | 2.53 25.55
Chintu 107.33 | 145.33 | 97.33 | 14.48 | 9.00 | 23.14 | 205.33 4.40 183 | 241 25.37
Badshah Bhog 106.67 | 145.00 | 107.33 | 1453 | 9.67 | 23.04 | 173.00 5.07 188 | 2.87 25.13
Swarna Sub-1 108.33 | 143.00 | 101.33 | 21.60 | 10.33 | 20.25 | 143.33 5.08 2.09 | 242 22.77
Sarju-52 104.33 | 132.67 | 117.33 | 24.13 | 9.67 | 28.04 | 289.67 | 5.27 235 |225| 36.17
Damini 102.00 | 134.00 | 101.00 | 23.10 | 5.67 | 25.90 | 161.67 5.16 222 | 232 21.99
Varsha Dhan 130.00 | 158.67 | 150.00 | 24.57 | 7.67 | 27.47 | 223.33 5.57 200 | 2.78 26.02
Swarna 123.67 | 147.67 | 105.00 | 22.50 | 8.33 | 20.57 | 213.67 | 5.03 210 | 239 | 21.46
CR Dhan 501 123.67 | 154.00 | 131.00 | 24.03 | 11.33 | 27.93 | 180.33 5.57 2.06 | 2.70 22.02
CR Dhan 1009 (sub 1) | 118.00 | 154.00 | 119.33 | 23.13 | 12.00 | 23.27 | 219.00 5.04 243 | 2.07 25.00
Dhanrekha 107.00 | 139.00 | 108.33 | 24.87 | 13.00 | 24.00 | 223.67 5.10 223 | 2.29 27.31
CR Dhan 503(Jalamani) | 133.00 | 158.33 | 140.00 | 23.93 | 7.67 | 27.60 | 155.00 5.65 204 | 2.76 22.42
CR Dhan 511 135.67 | 161.33 | 142.67 | 21.80 | 9.67 | 23.34 | 210.33 | 5.09 228 |223| 2365
Mean 117.38 | 148.00 | 117.51 | 21.76 | 956 | 24.78 | 197.64 | 5.16 212 | 246 | 24.99
Min 102.00 | 132.67 | 97.33 | 14.48 | 5.67 | 20.25 | 143.33 4.40 183 | 2.07 21.46
Max 135.67 | 161.33 | 150.00 | 24.87 | 13.00 | 28.04 | 289.67 5.65 243 | 2.87 36.17
SE(d) 1.52 0.97 082 | 014 | 055 | 0.14 2.42 0.12 011 |006| 121
C.D. 3.16 2.00 1.70 0.29 1.14 0.28 5.02 0.26 0.22 | 0.13 2.52
C.V. 1.59 0.80 0.85 0.78 7.05 0.67 1.50 2.94 6.16 | 3.16 5.94
Table 3: Parameters of variability, Heritability and Genetic advance for yield and its attributing traits in rice
genotypes:
Genotypes Mean Min Max Heritability (%) GA GA% mean | GCV (%) | PCV (%)
DFF 117.38 | 102.00 | 135.67 97.60 24.19 20.61 10.13 10.25
DM 148.00 | 132.67 | 161.33 98.39 18.90 12.77 6.25 6.30
PH(cm) 11751 97.33 150.00 99.68 36.46 31.03 15.09 15.11
1000 GW(g) 21.76 | 14.48 | 24.87 99.76 7.15 32.88 15.98 16.00
ETPP 9.56 5.67 13.00 89.07 3.74 39.14 20.13 21.33
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PL(cm) 24.78 20.25 28.04 99.65 5.75 23.22 11.29 11.31
Grains/panicle 197.64 | 143.33 | 289.67 99.43 80.40 40.68 19.80 19.86
GL[L](mm) 5.16 4.40 5.65 80.39 0.57 10.99 5.95 6.63
GBJ[B](mm) 2.12 1.83 2.43 60.57 0.26 12.24 7.63 9.81
L/B 2.46 2.07 2.87 90.63 0.48 19.31 9.84 10.34
GY/P(g) 24.99 21.46 36.17 86.32 7.14 28.55 14.92 16.06

m Heritability (%) = GA% mean
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Fig. 1: Estimates of Heritability & Genetic advance yield and its attributing traits in rice genotypes.
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Fig. 2: Genotypic Coefficient of Variation & Phenotypic Coefficient of Variation yield
and its attributing traits in rice genotypes.
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Conclusion

ANOVA for eleven characters in 13 rice
genotypes: The analysis of variances revealed the
differences between all the genotypes for each of the
eleven examined variables, indicating that there was
enough diversity among all the genotypes. This shows
that there is plenty of room to choose favorable
genotypes for yield improvement from the current pool
of genotypes. Range and mean performance for the
genotypes Damini and Sarjoo-52 were the earliest in
kharif-2022 in terms of flowering and maturity,
respectively, suggesting that these genotypes may be
employed as donors in a hybridization program for
early maturing rice varieties. Phenotypic and genotypic
coefficient of variation was moderate for effective
tillers per plant, 1000 grain weight and grains per
panicle and biological yield per plant had moderate
PCV and low GCV and remaining all the traits had
phenotypic coefficient of variation and genotypic
coefficient of variation low. Effective tillers per plant,
1000 grains weight, grains per panicle and biological
yield per plant had high heritability coupled with
moderate genetic advance. Days to 50% flowering,
days to maturity, panicle length, grain length and grain
length breadth ratio had high heritability coupled with
low genetic advance. Plant height had high heritability
and moderate genetic advance. Grain breadth had
moderate heritability with low genetic advance.
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