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Abstract

The study aimed to assess heritability, genetic variability, and genetic advance in the F. segregating
population of a cross between drought-tolerant and drought-susceptible rice varieties (GNR-6 x NVSR-
2272) for nine traits related to yield and drought tolerance. Experiments were conducted at the Regional
Rice Research Station, Vyara, Gujarat, using 190 F2 progenies during the summer of 2021. Traits were
evaluated for genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV),
heritability, and genetic advance. Days to flowering and productive tillers per plant exhibited low GCV
and PCV, indicating limited variability and minimal environmental influence. Traits such as panicle
length and spikelet fertility showed moderate to high PCV, reflecting environmental impact. Notably,
filled grains per panicle displayed high GCV (48.04%) and heritability (71.11%), emphasizing
significant genetic variability and potential for improvement through selection. Grain yield per plant
had moderate GCV (16.15%) but high PCV (90.89%), highlighting environmental dominance in trait
expression. Genetic advance estimates revealed that traits such as filled grains per panicle offer
substantial scope for yield enhancement, while others like panicle length and days to flowering may
require integrated breeding and environmental strategies. Overall, the study underscores the importance
of combining genetic insights with agronomic interventions to improve rice yield and drought
resilience effectively.

Keywords: Genetic variability, heritability, genetic advance, f» segregating population, drought
tolerance in rice

1. Introduction

Rice (Oryza sativa L.) is a cornerstone of global agriculture, serving as the primary staple for
over half of the world's population. Its cultivation spans 115 countries, predominantly in
Asia, which accounts for 90% of global production (Asati & Yadav, 2020) Il In India, rice is
integral to both diet and economy, with the nation being a leading producer and exporter.
India’s rice production for the 2023/2024 period was estimated at a record 137.8 million
metric tons, harvested from 47.828 million hectares, resulting in a yield of 4.32 tons per
hectare (Anonymous, 2024a) 1. This achievement is attributed to favorable monsoon rains,
improved agricultural practices, and government support. The increase in paddy sown area
from 40.45 million hectares in 2023 to 41.45 million hectares in 2024 indicates a positive
trend in rice cultivation (Anonymous 2024b) I, In the 2023/2024 marketing year, global rice
production reached a record 522.65 million metric tons. The top producers were China
(144.62 million metric tons), India (137.83 million metric tons), and Bangladesh (37 million
metric tons) (Anonymous 2024c) [, This production level represents a 1% increase from the
previous year, reflecting ongoing efforts to enhance rice cultivation practices worldwide.
Agriculture is the backbone of the economy, providing food security, raw materials, and
livelihoods to a significant portion of the global population (Dodiya and Barad, 2022) 11, Its
cultivation and improvement are of paramount importance for ensuring food security.
Agriculture, especially rice cultivation, is crucial as rice serves as a staple food for more than
half of the world's population, underpinning food security and rural livelihoods (Dodiya et
al., 2023) 4, Modern breeding programs aim to enhance rice productivity, quality, and
resilience to biotic and abiotic stresses. Genetic variability refers to the diversity in gene
frequencies within a species, providing the foundation for adaptation and improvement. In
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rice, traits such as plant height, grain size, vyield
components, and stress tolerance exhibit significant
variability. Studies have shown substantial phenotypic and
genotypic variation among rice genotypes for these traits,
indicating the potential for selection and breeding
(Anbanandan & Eswaran, 2018) [%1,

2. Materials and Methods

In present study, the estimates of heritability, coefficient of
variability, genetic advance were computed in F;
segregating population of one cross and its two parents for 9
characters, parental screening (in pipe experiment) for
various physio-morphological traits imparting drought
tolerance at reproductive stage development of F; was done
during summer 2020. In Kharif 2020 development of F
generation by selfing selective F1 and in summer-2021
phenotyping of F» mapping population was carried out for
yield and contributing traits at, Regional Rice Research
Station, Vyara, (Gujarat). The planting material consist of
190 F, plant progenies of a cross between GNR-6 x NVSR-
2272. Three plants of F, progeny are planted in each pipe.
The field trials for F, generation of cross GNR-6 as female
(susceptible) and NVSR-2272 as male (tolerant) were
conducted in pipe during summer season 2021. The plant
material was sown in pots on 5" February 2021 and
transplanted to pipe after 20 days of sowing. The data was
recorded for days to flower, Productive tillers per plant,
Panicle length (cm), Filled grains per panicle, Unfilled
grains per panicle, Spikelet fertility (%), 100 seed weight
(9), Grain yield per plant (g), Straw yield per plant (g). The
mean data after computing for each trait was subjected to
analysis of variance and genetic parameters of variation.

The experimental data were analyzed statistically to
estimate various genetic parameters and trait relationships.
The following approaches were employed: The Genotypic
Coefficient of Variation (GCV), calculated as per Burton
(1952) F1, quantified the variability attributed to genetic
factors. The Phenotypic Coefficient of Variation (PCV),
also determined using Burton's (1952) 1 method, assessed
the total variation, encompassing both genetic and
environmental  influences.  Broad-sense  heritability
(hb2h~2_bhb2) was estimated using the formula by Hanson
et al. (1956) % to evaluate the proportion of phenotypic
variation due to genetic effects. Genetic advance (GA),
representing the expected improvement through selection,
was computed based on the procedure described by Johnson
et al. (1955) [*5],

3. Results and Discussion

3.1 Measures of variability

Genotypic Coefficient of Variation (GCV) reflects the
variation that is solely attributed to genetic factors. It
indicates the proportion of variation in a trait caused by the
genotypic constitution of individuals. A higher GCV
signifies a greater potential for genetic improvement
through selection. Phenotypic Coefficient of Variation
(PCV), on the other hand, measures the total variation in a
trait, which includes both genetic and environmental effects.
While PCV tends to be higher than GCV due to the
influence of environmental factors, the degree of difference
between them provides insight into the extent of
environmental influence on a trait. Estimates of variability
parameters for various quantitative characters in F;
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generation of GNR-6 x NVSR-2272 in rice is presented in
Table 1.

Days to flowering: The F2 population exhibited low
phenotypic coefficient of variation (PCV, 8.81%) and
genotypic coefficient of variation (GCV, 6.45%), reflecting
limited variability in flowering time. The minimal difference
between GCV and PCV suggests that genetic factors
primarily control this trait, with environmental influence
being minimal. While flowering time impacts the crop
lifecycle, its low variability indicates limited potential for
improvement in this trait within this population. The same
kind of result for low PCV and GCV value was observed by
Ratnakar et al. (2012) ¥; Krishna et al. (2014) 181: Allam et
al. (2015) [; Bhati et al. (2015) ¥; Kahani and Hittalmani
(2015) 1181 and Balat (2018) B4 and Tiwari et al. (2019) 331,
Productive tillers per plant displayed low GCV (4.83%) and
PCV (4.91%), indicating low variability and minimal
environmental influence. This suggests stability in the
expression of productive tillers and limited scope for genetic
improvement. However, this trait contributes significantly to
overall grain yield, as more tillers generally result in
increased grain production. The present result showed
resemblance with findings of Allam et al. (2015) ©I; Bhati et
al. (2015) B Kahani and Hittalmani (2015) [*l; Sumanth et
al. (2017) 1 and Balat (2018) 34 for low PCV and GCV
value. Panicle length showed low GCV (1.28%) and
moderate PCV (8.93%), highlighting limited genetic
variability and moderate environmental influence. The
narrow gap between GCV and PCV underscores that
improvement through selection may be possible, albeit with
a focus on environmental optimization. As panicle length
directly correlates with grain numbers, its role in yield
improvement remains notable. The similar results for low
GCV and PCV is in accordance with Ratnakar et al. (2012)
[241: Sravan et al. (2012) 34:; 1dris and Mohamed (2013) [241;
Kumar et al. (2015) 2 and Sumanth et al. (2017) 71,

Filled grains per panicle: This trait demonstrated high
GCV (48.04%) and PCV (59.55%), reflecting substantial
genetic variability. High variability suggests this trait is
highly amenable to improvement through selection. Since
filled grains per panicle have a direct and significant impact
on grain yield, this trait offers considerable potential for
enhancing productivity. The present result of high GCV and
PCV showed resemblance with findings of Krishna et al.
(2014) 1281 Shaikh et al. (2017) ?°1; Balat (2018) (4. Unfilled
grains per panicle exhibited high GCV (33.73%) and PCV
(46.77%), indicating significant variability. This trait,
inversely related to grain yield, is critical for improving
overall productivity. Breeding efforts aimed at reducing the
number of unfilled grains can significantly enhance yield.

Spikelet fertility (%): Spikelet fertility showed low GCV
(4.98%) and high PCV (61.10%), revealing high
environmental influence and limited genetic variability.
While spikelet fertility is an essential contributor to grain
yield, its improvement may require focused environmental
management rather than genetic manipulation.

100-seed weight (g): The GCV (13.55%) and PCV
(27.40%) values for 100-seed weight indicate moderate
variability and a high environmental influence. Although the
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genetic contribution is moderate, this trait impacts grain
yield significantly, as heavier seeds generally contribute to
higher overall yield. Improvement can be achieved through
combined genetic and environmental interventions. The
same kind of moderate PCV and low GCV value was
observed by Akinwale et al. (2011) [M; Ratnakar et al.
(2012) 241; Kahani and Hittalmani (2015) [61; Mallimar et al.
(2015) 22; Kumar et al. (2017) ©2%; Sumanth et al. (2017) [7]
and Balat (2018) 34,

Grain yield per plant, the primary focus of this study,
exhibited moderate GCV (16.15%) and very high PCV
(90.89%), indicating a substantial environmental influence
on yield expression. The large difference between GCV and
PCV underscores the predominant role of environmental
factors over genetic factors in determining yield. To
maximize productivity, breeding strategies should be
complemented by agronomic practices that mitigate
environmental variability. Low and high GCV and PCV was
obtained by Krishna et al. (2014) [*81; Shaikh et al. (2017) 2%
and Balat (2018) 4. Straw yield per plant showed moderate
GCV (16.59%) and PCV (31.31%), suggesting that both
genetic and environmental factors influence this trait. While
straw yield is not directly linked to grain yield, optimizing
this trait can enhance overall plant health and productivity.
Ratnakar et al. (2012) 24 Kiran et al. (2012) [7]: Kahani
and Hittalmani (2015) ['¢l; Sumanth et al. (2017) "1 and
Balat (2018) 34 obtained similar result of high PCV and
moderate GCV.

3.2 Heritability and Genetic Advance

Genetic advance refers to the expected improvement in a
trait under selection, expressed either in absolute terms or as
a percentage of the mean. It is influenced by three factors:
the selection intensity, heritability, and genetic variability of
the trait. In rice breeding, genetic advance provides insights
into the potential effectiveness of selection programs.
Heritability is a measure of the proportion of phenotypic
variance that is attributable to genetic variance. In rice,
heritability can be broadly categorized into broad-sense
heritability (which includes all types of genetic effects:
additive, dominance, and epistasis) and narrow-sense
heritability (which focuses only on additive genetic
variance). High heritability values indicate that a trait is
primarily governed by genetic factors and can be reliably
passed on to the next generation. Estimates of genetic
parameters for various quantitative characters in F;
generation of GNR-6 x NVSR-2272 in rice is presented in
Table 1.

Days to flowering: Moderate heritability (53.72%) and low
genetic advance (9.75%) suggest that days to flowering is
influenced by a significant non-additive gene action and
genotype x environment interactions. Improvement in this
trait through selection might be challenging as
environmental factors play a significant role. The similar
result for low and moderate genetic advance as per cent of
mean was in conformation with the result of Kahani and
Hittalmani (2015) 1261 and Tiwari et al. (2019) (%31,

Productive tillers per plant: This trait exhibited low
heritability (29.14%) and moderate genetic advance
(19.03%), highlighting a considerable environmental
influence. The preponderance of non-additive gene action
indicates limited effectiveness of direct selection. However,
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as productive tillers are a critical determinant of grain yield,
efforts must integrate breeding with environmental
management. Kumar et al. (2015) [PY; Kahani and
Hittalmani (2015) ['81; Sumanth et al. (2017) 71 and Tiwari
et al. (2019) B3 obtain same kind of result for low and
moderate genetic advance as per cent of mean.

Panicle length (cm): Low heritability (14.54%) and
minimal genetic advance (2.67%) underscore the dominant
role of environmental factors in shaping panicle length.
Direct selection for this trait would likely be ineffective, as
its expression is highly environment-dependent. The result
for low genetic advance as per cent of mean is in accordance
with Kumar et al. (2015) ?4; Sumanth et al. (2017) 1 and
Mamata et al. (2019) %31,

Filled grains per panicle: This trait demonstrated high
heritability (71.11%) and genetic advance (87.23%),
suggesting that additive gene effects dominate its
expression. High genetic variability indicates that selecting
for filled grains per panicle can significantly improve grain
yield. This trait represents one of the most promising targets
for breeding programs focused on enhancing yield. The
same result of high heritability was found by Satya &
Jebaraj (2013) [71; Savitha and Usha (2015) 1 and
Mallimar et al. (2015) [?2; Balat (2018) and Saha et al.
(2019) 231,

Unfilled grains per panicle: Moderate heritability
(52.01%) and high genetic advance (50.11%) suggest that
this trait is also influenced by additive gene effects.
Improvement through selection is feasible, making it
another critical factor in optimizing yield, as reducing
unfilled grains directly increases productivity.

Spikelet fertility (%0): Low heritability (1.09%) and
minimal genetic advance (1.37%) indicate a strong
environmental influence on spikelet fertility. Non-additive
gene action predominates, making genetic improvement
through selection ineffective. Environmental interventions
may better enhance this trait. The 100-seed weight exhibited
moderate heritability (31.63%) and genetic advance
(17.85%), indicating a balance between genetic and
environmental factors. While non-additive effects dominate,
moderate variability suggests partial potential for
improvement through careful breeding combined with
environmental optimization. The findings are in
confirmation with Krishna et al. (2014) [8; Mallimar et al.
(2015) 22; Sumanth et al. (2017) 21 and Balat (2018) 341,

Grain yield per plant showed low heritability (8.08%) and
moderate genetic advance (15.14%), emphasizing the
predominant role of environmental factors. This low
heritability limits the efficacy of selection-based breeding
for this trait. Instead, yield improvement might require
indirect selection through correlated traits, such as filled
grains per panicle. Sanghera and Kashyap (2012) [261; Shet et
al. (2012) B9 Gangashetty et al. (2013) *2; Kumar and
Senapati (2013) [, Savitha and Usha (2015) [?8 and
Mamata (2018) [ exhibited same kind of result for
moderate genetic advance as per cent of mean. Straw yield
per plant exhibited moderate heritability (31.41%) and high
genetic advance (20.26%), indicating that while non-
additive gene effects predominate, improvement potential
exists. However, as this trait is less directly linked to grain
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yield, its impact on overall productivity is indirect. Results
of present study was in conformation with the findings of
Sravan et al. (2012) [*4; Kahani and Hittalmani (2015) [61;
Sumanth et al. (2017) " and Balat (2018) [, Sanghera and
Kashyap (2012) ¢1; (2018) and Mamata et al. (2018) 2
obtained similar result of high genetic advance as per cent of
mean.

This study highlights the importance of a balanced approach
combining  genetic  selection  with  environmental
optimization to achieve significant gains in grain yield.
Future research should focus on stabilizing high-yielding
genotypes across diverse environmental conditions and
exploiting additive genetic effects to maximize the impact of
breeding efforts. The traits examined in this study can be
broadly categorized into: Traits with High Potential for
Selection: Filled grains per panicle and unfilled grains per

https://www.biochemjournal.com

panicle showed high heritability and genetic advance,
indicating that additive gene effects dominate. These traits
have a direct and substantial impact on yield and represent
primary targets for breeding programs. Traits with Limited
Genetic Improvement Potential: Traits such as spikelet
fertility, panicle length, and days to flowering exhibited low
heritability and genetic advance, reflecting a significant
environmental influence. For these traits, genetic selection is
unlikely to vyield substantial improvements. Traits
Moderately Amenable to Selection: Productive tillers per
plant, 100-seed weight, and straw yield per plant displayed
moderate heritability and genetic advance, indicating a
blend of genetic and environmental influences. These traits
can be improved through a combination of breeding and
agronomic practices.

Table 1: Estimates of variability parameters for various quantitative characters in F2 generation of GNR-6 x NVSR-2272 in rice

Characters Mean | o?%p ole o2g | GCV% |PCV% | h? (b))% | GA | GAM%
Days to flowering 55.70 | 24.08 11.16 12.92 6.45 8.81 53.72 [543 9.75
Productive tillers per plant 5.73 3.30 2.44 0.86 16.21 | 31.70 | 29.14 |1.09 | 19.03
Panicle length (cm) 24.75 | 4.89 4.79 0.10 1.28 8.93 1454 | 0.66 2.67
Filled grains per panicle 49.55 | 870.58 | 303.95 | 566.63 | 48.04 | 59.55 | 71.11 [43.22| 87.23
Unfilled grains per panicle 105.62 | 2440.68 | 1171.59 | 1269.09 | 33.73 | 46.77 | 52.01 |52.93| 50.11
Spikelet fertility (%) 33.81 | 426.78 | 423.95 | 2.84 498 | 6110 | 1.09 [046| 137
100-seed weight (g) 1.63 0.20 0.15 0.05 1355 | 2740 | 31.63 | 0.29 | 17.85
Grain yield per plant (g) 2.22 4.09 3.96 0.13 16.15 | 90.89 8.08 [0.34| 15.14
Straw yield per plant (g) 22.33 | 4890 | 35.17 | 13.73 | 1659 | 31.31 | 31.41 |[452| 20.26
Root length (cm) 52.07 | 179.35 | 145.64 | 33.71 11.15 | 25.72 1946 |5.37 | 10.31
Root volume (cmd) 51.67 | 188.64 | 116.67 | 71.98 | 1642 | 26,58 | 38.35 [10.85| 21.00
Root dry weight (g) 443 | 1.46 1.41 0.05 502 | 2723 | 378 [0.09]| 212
Shoot length (cm) 90.46 | 172.76 | 29.78 | 142.98 | 13.22 | 14.53 82.95 [22.46| 24.83
Root to shoot ratio 21.79 | 8540 | 20.76 | 64.63 | 36.89 | 42.40 | 75.84 |14.44| 66.24
Relative water content (%) (72 hour) 29.14 | 534.02 | 43852 | 95,51 33.53 | 79.29 18.90 |9.00 | 30.87
Relative water content (%) (20 days) 23.53 | 375.99 | 317.33 | 58.66 3255 | 8242 20.96 |8.37 | 35.59
Water use efficiency (%) 12.15 | 16.84 4.59 12.26 | 28.81 | 33.78 | 73.17 |6.19| 50.91
Photosynthesis (uM CO%m?/s) 116.19|6108.30 | 5872.28 | 236.02 | 13.22 | 67.27 | 455 |7.33| 6.31
Stomatal conductance (M H20/m?/s) 130.38 | 6246.61 | 6102.38 | 144.23 | 9.21 60.62 240 [3.91] 3.00
Transpiration (mM H20/m?/s) 12.42 | 134.74 | 40.94 93.79 77.96 | 93.44 69.62 [16.65| 134.01

4. Conclusion

The evaluation of genetic parameters in the F2 population
revealed significant variability for key traits, offering
insights into the genetic architecture of rice under drought
conditions. Traits such as filled grains per panicle exhibited
high genetic variability and heritability, suggesting their
potential as selection targets for yield improvement.
Conversely, traits influenced heavily by environmental
factors, such as grain yield per plant, necessitate integrated
approaches combining genetic and environmental
management. These findings emphasize the importance of
targeted breeding programs aimed at enhancing drought
resilience and productivity in rice.
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