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ABSTRACT

Grain yield in rice (Oryza sativa L.) is a complex, polygenic quantitative trait governed by tight gene-
environment interactions. Elucidating the magnitude of genetic variability, broad-sense heritability
(h2bs) and genetic advance is crucial for establishing effective selection criteria. In this study, sixteen
rice genotypes comprising twelve experimental F1 hybrids and four standard checks (Sahyadri 3,
Sahyadri 4, Karjat 7 and Konkan Sanjay) were evaluated in a Randomized Block Design (RBD) with
three replications during the Kharif 2025 season on the research farm of Regional Agricultural Research
Station, Karjat, Maharashtra. Quantitative profiling was conducted for fifteen yield and yield contribut-
ing traits. Analysis of variance (ANOVA) revealed highly significant differences (p < 0.01) among
genotypes across all evaluated traits, establishing the presence of robust genetic diversity. The pheno-
typic coefficient of variation (PCV) was higher than the corresponding genotypic coefficient of varia-
tion (GCV) for all characters, indicating minor environmental modulations on trait expression. Grain
yield per plant exhibited moderate GCV (12.33%) and PCV (14.04%), coupled with high broad sense
heritability (77.07%) and high genetic advance as a percentage of mean (GAM = 22.30%). Notably,
grain protein content manifested the highest heritability (97.13%) integrated with high genetic advance
(23.29%). High heritability coupled with high genetic advance was also recorded for plant height and
amylose content, indicating predominant regulation by additive gene action. Conversely, spikelet fertil-
ity, hulling percentage and milling percentage showed moderate heritability and low genetic gains, sug-
gesting non-additive gene influence. These results provided useful information on the genetic contribu-
tion to phenotypic variation and the relative variability of these traits among the evaluated rice hybrids
and checks.

Keywords: Oryza sativa L., Genetic Variability, Broad-Sense Heritability, Genetic Advance, Protein
Content, Amylose Content

Introduction

Rice (Oryza sativa L., 2n = 24) is the primary dietary staple for over half of the global population. Global
rice production during the 2025/26 cycle was estimated at approximately 545.51 million metric tons of
milled grain (USDA, 2025) [1]. Although India commands the largest acreage and contributes roughly 28%
to global production, its average productivity (~4.39 t ha™!) remains substantially lower than leading produc-
ers like China (~7.19 t ha™!) (USDA, 2025) [!]. This yield gap highlights the critical need to design high-
yielding varieties and experimental F; hybrids. In the high-rainfall Konkan ecosystem of Maharashtra, rice
serves as a socio-economic anchor; however, production is constrained by fragmented landholdings, escalat-
ing labor scarcity, and minimal mechanization, necessitating the development of robust, high-yielding hy-
brids tailored to local agro-ecologies.

The phenotypic expression of complex quantitative traits is an interactive function of the genotype and pre-
vailing environmental parameters. Effective selection requires partitioning total phenotypic variance into
genotypic (GCV) and phenotypic (PCV) components to gauge the relative environmental influence. While
broad-sense heritability (h2bs) quantifies the proportion of phenotypic variance attributable to genetic varia-
tions, it lacks predictive accuracy regarding absolute selection gain when confounded by non-additive gene
action (epistasis and dominance). Consequently, the concurrent estimation of heritability and genetic ad-
vance as a percentage of mean (GAM) serves as a superior index to predict the response to directional selec-
tion, confirming whether a trait is governed by additive or non-additive genetic components. This investiga-
tion evaluates the genetic architecture, heritability parameters, and expected genetic gain for fifteen morpho-
physiological and biochemical parameters in twelve promising experimental rice hybrids under the agro-cli-
matic conditions of Karjat, Maharashtra.
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Materials and methods

Experimental plant material

The experimental germplasm consisted of sixteen genotypes: twelve
experimental F| hybrids developed via a three-line breeding system
utilizing the cytoplasmic male-sterile (CMS) line IR-58025A crossed
with distinct restorer lines, to get the respective hybrids. The checks
included two hybrid checks (Sahyadri 3 and Sahyadri 4) and two vari-
etal checks (Karjat 7 and Konkan Sanjay), procured from the
Regional Agricultural Research Station, Karjat. The experimental
lines evaluated were designated as KJTRH-2101, KJTRH-2205,
KJTRH-2232, KJTRH-2243, KJTRH-2314, KJTRH-2334, KJTRH-
2347, KJTRH-2353, KITRH-2411, KJTRH-2414, KJTRH-2422 and
KJTRH-2446.

Field layout and crop management

The field trial was conducted in a Randomized Block Design (RBD)
with three replications during the Kharif 2025 season at RARS,
Karjat, Raigad, Maharashtra. Seedlings were transplanted at a stan-
dard spacing of 15 cm x 15 cm. Agronomic interventions, crop pro-
tection protocols and fertilizer applications were executed uniformly
across all plots as per standard package of practices.

Phenotypic and biochemical phenotyping

Quantitative and qualitative measurements were recorded from five
randomly selected competitive plants per genotype per replication.
Observations were recorded for fifteen distinct traits viz days to 50%
flowering (DFF), plant height (PH, cm), panicle length (PL, cm),
number of tillers per plant (NTP), number of productive tillers per
plant (NPP), spikelet fertility (SF, %), test weight (TW, g), grain yield
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per plant (GYP, g), straw yield per plant (SYP, g), harvest index (HI,
%), hulling percentage (HLP, %), milling percentage (MLP, %), pro-
tein content (PC, %), amylose content (AC, %), and length-to-breadth
ratio (LBR). Biochemical analyses for grain protein content (via total
nitrogen determination) and amylose concentration were executed us-
ing standard colorimetric and analytical biochemistry methodologies.

Statistical and biometrical computations

Raw field data were subjected to Analysis of Variance (ANOVA) us-
ing standard linear models for RBD. Genotypic and phenotypic vari-
ances were estimated utilizing the mean expectation values according
to Weber er al. (1952) [2]. The genotypic (GCV) and phenotypic
(PCV) coefficients of variation were calculated following Burton et
al. (1953) [3] and classified as low (< 10%), moderate (10-20%), and
high (> 20%) based on Sivasubramanian and Madhava Menon (1973)
[4]. Broad-sense heritability (h2bs) was derived using the genetic-to-
phenotypic variance ratio. Genetic advance (GA) and genetic advance
as a percentage of mean (GAM) were computed according to Johnson
et al. (1955) 1. All biometrical analyses were processed via R soft-
ware platforms.

Results and discussion

Analysis of variance (ANOVA)

The structured analysis of variance (Table 1) demonstrated highly sig-
nificant differences (p < 0.01) among the sixteen evaluated genotypes
across all fifteen traits. This confirms the presence of extensive ge-
netic variability within the breeding material, establishing the empiri-
cal validity for further partitioning into genotypic and phenotypic
components.

Table 1. Analysis of Variance (ANOVA) for Yield, Yield-Contributing, and Biochemical Traits

Source d.f. DFF PH(cm) PL(cm) NTP NPP SF(%) TW() GYP(g SYP(g
Replication 2 0.44 36.53 5.06 2.97 6.42 17.56 1.94 6.71 2.58
Treatments 15 101.82%%  41530%*  18.07%*  1037%*  620%*  4125%%  1638%*  5023%*  60.00%*

Error 30 1.59 27.44 2.47 3.07 2.10 13.51 2.36 4.53 9.72

** Significant at the 1% probability level (p < 0.01). DFF: Days to 50% flowering; PH: Plant height; PL: Panicle length; NTP: Number of tillers/plant;
NPP: Number of productive tillers/plant; SF: Spikelet fertility, TW: Test weight, GYP: Grain yield/plant; SYP: Straw yield/plant.

Table 1. Continued. ..

Source d.f. HI (%) HLP (%) MLP (%) PC (%) AC (%) LBR
Replication 2 0.89 10.40 2.43 0.02 0.73 0.01
Treatments 15 31.83%* 8.26%* 18.15%* 1.68%* 17.83%* 0.25%*

Error 30 2.15 2.94 4.93 0.02 1.47 0.01

** Significant at the 1% probability level (p < 0.01). HI: Harvest index; HLP: Hulling percentage; MLP: Milling percentage; PC: Protein content; AC:

Amylose content; LBR: Length-to-breadth ratio.

Genetic variability parameters

Phenotypic coefficients of variation were uniformly higher than their
corresponding genotypic counterparts across all parameters, signaling
environmental interactions, though the margins remained minimal for
most characters. Low-to-moderate variability coupled with narrow
GCV-PCV margins were observed for days to 50% flowering (GCV =
6.22%, PCV = 6.36%), plant height (GCV = 9.13%, PCV = 10.05%),
panicle length (GCV = 8.85%, PCV = 10.75%), harvest index (GCV
= 7.19%, PCV = 7.93%), and L/B ratio (GCV = 9.22%, PCV =
9.65%). These findings align with Nithya ez al. (2020) [%] and Sala ez
al. (2016) [7], confirming rigorous genetic control over these expres-
sions. In contrast, the number of tillers per plant (GCV = 10.26%,
PCV = 15.42%) and number of productive tillers per plant (GCV =
10.69%, PCV = 16.90%) exhibited wider GCV-PCV disparities, echo-
ing the findings of Ullah ez al. (2023) [8] and Savitha er al. (2015) [%],
which point to environmental vulnerability regarding tillering pro-
cesses. Economically vital parameters such as grain yield per plant
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manifested moderate coefficients of variation (GCV = 12.33%, PCV
= 14.04%), matching the conclusions of Babu ez al. (2024) 101, Grain
milling properties, specifically hulling percentage (1.79%, 2.91%)
and milling percentage (3.44%, 5.01%), presented the narrowest vari-
ation parameters, consistent with Binodh ez al. (2006) [,

Heritability and genetic advance as a percent of mean

Broad-sense heritability values exhibited wide variations, extending
from 37.65% (hulling percentage) to a peak of 97.13% (grain protein
content). In structural alignment with Ojha et al. (2018) [12], bio-
chemical profiling demonstrated that protein content combined high
heritability (97.13%) with high genetic advance (GAM = 23.29%).
This highly favorable genetic framework was similarly recorded for
grain yield per plant (h2bs = 77.07%, GAM = 22.30%), plant height
(h?bs = 82.49%, GAM = 17.08%), and amylose content (h?bs =
78.81%, GAM = 18.98%). These traits are governed by additive gene
action, as documented by Akter et al. (2019) [13] and Akshay et al.
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(2022) 141 indicating that direct phenotypic selection will be highly
effective.

Conversely, traits like days to 50% flowering (95.45%), L/B ratio
(91.26%), and harvest index (82.12%) yielded high broad sense heri-
tability but only low-to-moderate genetic advance values (12.51%,
18.14%, and 13.42%, respectively). This dynamic reflects the influ-
ence of non-additive gene actions (dominance/epistasis) and environ-
mental interactions, corroborating Meena et al. (2020) [13] and Gour
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et al. (2017) 1O Furthermore, tillering parameters (NTP, NPP),
spikelet fertility, and grain-recovery values (HLP, MLP) displayed
low-to-moderate heritability integrated with limited genetic gains,
matching the trends discovered by Divya er al. (2018) 7] and
Kurmanchali et al. (2019) [18]. Heterosis breeding or multi-locational
progeny tests across temporal scales remain necessary to bypass these
genotype x environment blocks, as advanced by Fentie er al. (2021)
191 and Shrivastava ez al. (2015) [20].

Table 2. Genetic Parameters for Agro-Morphological and Biochemical Traits in Rice Genotypes

Sr. Trait Mean Min Max GCV (%) PCV (%) hZbs(%) GA GAM(%)

1 Days to 50% 93.00 81.00 101.00 6.22 6.36 95.45 11.63 12.51
Flowering

2 Plant Height 124.52 91.36 147.24 9.13 10.05 82.49 21.27 17.08
(cm)

3 Panicle Length ~ 25.77 20.12 30.88 8.85 10.75 67.81 3.87 15.01
(cm)

4 No. of 15.21 8.40 19.20 10.26 15.42 44.25 2.14 14.06
Tillers/Plant

5 No. of Prod. 11.06 6.80 15.40 10.69 16.90 39.96 1.54 13.91
Tillers

6 Spikelet Fertility 84.12 72.96 91.41 3.61 5.67 40.64 3.99 4.75
(%)
Test Weight (g)  21.92 16.08 26.35 9.86 12.10 66.41 3.63 16.56
Grain 31.66 21.90 38.23 12.33 14.04 77.07 7.06 22.30
Yield/Plant (g)

9 Straw 41.10 29.26 51.28 9.96 12.52 63.31 6.71 16.33
Yield/Plant (g)

10 Harvest Index 43.77 36.12 50.02 7.19 7.93 82.12 5.87 13.42
(%)

11 Hulling 74.50 68.11 78.69 1.79 291 37.65 1.68 2.26
Percentage (%)

12 Milling 61.04 50.60 67.33 3.44 5.01 47.21 2.97 4.87
Percentage (%)

13 Protein Content  6.49 5.04 8.13 11.47 11.64 97.13 1.51 23.29
(%)

14 Amylose 22.50 17.12 26.97 10.38 11.69 78.81 4.27 18.98
Content (%)

15 L/B Ratio 3.02 2.31 3.65 9.22 9.65 91.26 0.55 18.14

Conclusion
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Figure 1. Pattern of PCV, GCV, heritability (broad sense) and genetic
advance as percent of mean for various traits in 16 rice genotypes.

CHARACTERS: DFF-Days to fifty percent flowering, PH-Plant
height (cm), PL-Panicle length (cm) NTP-No. of tillers per plant,
NPP-No. of productive tillers per plant, SF-Spikelet fertility (%) TW-
Test weight (g), GYP-Grain yield per plant (g) SYP- Straw yield per
plant (g), HI-Harvest index (%), HLP-Hulling percentage (%), MLP-
Milling percentage (%), PC-Protein content (%), AC-Amylose content
(%), LBR-L/B ratio.
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Extensive genetic variability was successfully characterized across
the sixteen evaluated rice genotypes for all fifteen parameters. Traits
such as grain yield per plant, protein content, plant height and amy-
lose content exhibited high broad-sense heritability coupled with high
expected genetic advance, indicating substantial genetic variability
and good scope for effective selection among the evaluated hybrids.
Conversely, tillering and milling parameters showed greater environ-
mental influence and complex genetic control, emphasizing the need
for multi-environment evaluation to assess hybrid stability and con-
sistency. Overall, grain yield per plant, harvest index and protein con-
tent emerged as important traits for identifying superior hybrids and
advancing promising rice hybrids under the agro-ecological condi-
tions of Karjat, Maharashtra.
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