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ABSTRACT

Rice (Oryza sativa L.) is a cornerstone of global food security, yet breaking yield

barriers requires harnessing genetic variability and optimizing breeding strategies.

This study evaluates genetic parameters in an F
2
 population derived from a cross

between high-yielding KMP-175 and herbicide-tolerant Robin to elucidate inheritance

dynamics and trait associations under direct-seeded conditions. Ten agronomic traits

were analysed, including yield components and plant architecture. Genetic variability

was assessed through genotypic (GCV) and phenotypic (PCV) coefficients of variation,

heritability, genetic advance as per cent of Mean (GAM), skewness and kurtosis.

High heritability (h² > 0.77) and substantial GAM were observed for yield-related

traits: single-plant yield (SPY, h² = 0.97, GAM = 61.05%), filled grains per panicle

(FGPP, h² = 0.91, GAM = 48.27%) and total grains per panicle (TGPP, h² = 0.90,

GAM = 46.17%), indicating additive gene action and potential for rapid selection

gains. Conversely, thousand grain weight (TGW) and days to flowering (DFF)

exhibited low GAM (8.07–11.39%) despite high heritability, underscoring non-additive

gene effects. Non-normal trait distributions in the F
2
 population suggested polygenic

inheritance and epistatic interactions, particularly for DFF (skewness = -2.88,

kurtosis = 10.14). Correlation analyses revealed synergistic relationships between FGPP

and TGPP (r = 0.98) and single plant yield (SPY) with panicle number (r = 0.61),

while panicle length showed trade-offs with yield components. These findings

advocate a dual breeding approach: leveraging additive traits for immediate gains and

employing genomic strategies to address complex non-additive traits. The study

provides a roadmap for developing climate-resilient, high-yielding rice varieties by

integrating genetic diversity, trait correlations and advanced breeding technologies.
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RICE (Oryza sativa L.) is a critical staple crop,
providing sustenance for over 3.5 billion people

globally and accounting for approximately 20 per cent
of dietary energy intake in Asia (FAO, 2021). With
the global population projected to reach 9.7 billion
by 2050, enhancing rice productivity under resource-
constrained environments is paramount to achieving

food security (Ray et al., 2013 and Ramesh et al.,
2021). Rice varieties that exhibit elevated productivity
and suitable agronomic features, breaking the yield
barrier, are a necessity of recent times (Bindu et al.,
2023). The foundation for all yield advancement
programme relies on genetic variability, with the
execution of suitable selection strategies (Allard, 1960).
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Genetic variability is essential for selecting superior
genotypes in segregating populations, as it provides
the foundation for heritable traits and additive gene
action (Priyanka et al.,2019 and Bello et al., 2012).
High heritability and genetic advance (GA) reflect
the transmission potential of traits to progeny and
predict selection efficacy, particularly when governed
by additive genes (Nwangburuka and Denton, 2012
and Syukur and Rosidah, 2014). Skewness and
kurtosis elucidate trait distribution patterns in
segregating generations (e.g., F

2
, F

3
), aiding in the

identification of high-yielding recombinants with
desirable agronomic traits (Rani et al.,
2016). Correlation analysis enhances breeding
strategies by revealing synergistic or antagonistic
relationships between traits; for instance, strong
positive correlations enable simultaneous
improvement, while negative correlations highlight
trade-offs requiring balanced selection (Savitha and
Ushakumara, 2015). Integrating these parameters
ensures robust selection criteria, optimizing genetic
gain and crop improvement efficiency.

In this study, we evaluated these genetic parameters in
the F

2
 segregating population derived from the KMP-

175 × ROBIN cross to elucidate the inheritance
dynamics of yield-related traits. Our objectives included
(i) estimating PCV, GCV, heritability and GA for key
agronomic traits, (ii) analyzing trait associations
through correlation. These findings aim to bridge the
knowledge gap between genetic potential and
agronomic performance, providing actionable insights
for breeding programme targeting resource-efficient,
climate-resilient rice varieties.

MATERIAL AND METHODS

Genetically pure seeds of KMP-175 and Robin
were obtained and an experiment was conducted at
the C-Block, Department of Rice Breeding, ZARS,
V. C. Farm, Mandya. Parental seeds were raised and
crossing work was carried out between KMP-175
(Recipient parent) and Robin (HTM) (Donor parent)
which is having herbicide tolerance to imazethapyr
during kharif, 2023-24 and the crossed seeds were
used to raise F

1
 generation (Table 1 : Details of

parental lines used in the present study). For
confirmation of F

1
’s, molecular marker was used, the

details of the marker used are presented in Table 2.
The F

1
 plants were harvested individually and

forwarded to the F
2
 generation and a population of

352 segregants were planted with a spacing of
20x15 cm besides following a suitable package
of practices. A total of ten traits viz., Days to first
flowering (DFF), plant height (cm) (PH), panicle
length (cm) (PL) the number of productive tillers per
plant (NPPP), total number of grains per panicle
(TGPP), the number of filled grains per panicle
(FGPP), the number of chaffy grains per panicle (cm)
(CGPP), spikelet fertility (%) (SF), Thousand grain
weight(g) (TGW) and single plant yield (g) (SPY)
was assessed in every individual F

2 
plants.

Genotypic coefficient of variation and phenotypic
coefficient of variation (GCV and PCV) were
computed utilizing the method recommended by
Burton and Devane (1953). An array of variations
was classified accordingly in the range: low (<10%),
moderate (10-20%), high (>20%) (Sivasubramanian

Recurrent Parent: KMP-175 (Daksha) KMP-175 is released from the Division of Rice Breeding, AICRP (Rice),
Parentage: IR64/Azucena//IR64 ZARS, V.C. Farm, Mandya. It is having medium slender grain type with a

duration of 115-120 days yielding 4.0-5.0 tonnes/ha, which is well suited for
direct seeded aerobic cultivation.

Donor Parent: Robin The mutant Robin was developed from an upland rice variety Nagina 22 (N22)
(Herbicide tolerant mutant) through induced mutagenesis using ethyl methane sulfonate (EMS), which led

to herbicide (imazethapyr) tolerance.

TABLE 1

Details of the parents used in the present investigation

Parent Details

Mysore J. Agric. Sci., 59 (4) : 262-271 (2025) M. PALLAVI et al.
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RM6844 AHAS F:AGTCCAAGAAAGGCACGAGAGG R: 2 (18.07 Mb) Shoba et al., 2017
CTGCATCGAAGAAGAAGAAGAAGC

TABLE 2

Details of gene specific markers used for F
1 
confirmation in the present study

Molecular
Markers

Linked
gene

Primer sequence
Chromosome

location
Reference

and Menon, 1973). Since segregants could not be
assessed in replicated trials, the environmental
variance was determined from parents raised in
replicated trials. Broad sense heritability was
worked out applying the formula stated by Lush
(1940) and categorized as high (>60%), moderate
(30- 60%) and low (0-30%). The genetic advance in
mean per cent was assessed by the technique provided
by Johnson et al. (1955) wherein classification was
done to the extent of low (<10%), moderate (10-20%),
high (>20%). Skewness and kurtosis statistics were
estimated according to Snedecor and Cochran (1989)
for understanding the nature of distribution of
the F

2
 population for yield and its related traits.

Skewness and kurtosis mean values as well as
correlation analysis were computed using the
R software programme.

RESULTS AND DISCUSSION

Mean Performance

The mean performance of the parents, F
1
 hybrids and

F
2
 population was significantly different between the

two parents used for the cross in this study. These
differences between parental lines might be due to
their genetic background. The results showed that all
the characters of P

1
 showed higher values than those

of P
2
 except for sterility per cent. The averages of the

measured traits of the F
1
 plants and F

2
 populations

were similar to those of parents (Table 3, Fig. 1).

Range and Standard Deviation

Maximum range and standard deviation were
observed for TGPP (Range=87-272, SD=43.82)
followed by FGPP (Range=75-249, SD=39.68)
indicating significant potential for yield improvement
through selection. In contrast, TGW (Range=18.00-
21.75, SD=1.03) and PL (Range=18.00-24.61,
SD=1.84) displayed the least standard deviation and
narrowest ranges (3.75 and 6.61), respectively,
suggesting inherent stability in these traits across
evaluated genotypes. Traits such as DFF (Range =
39.00, Mean = 90.53) and PH (Range = 25.00, Mean
= 91.19) exhibited moderate variability, aligning with
findings by Singh et al. (2019), who reported similar
ranges in diverse rice populations.

DFF 87.00 63.00 24.23 76.40
PH 92.01 84.57 6.41 91.41
PL 22.12 18.35 15.15 23.30
NPPP 10.00 8.00 5.47 12.90
TGPP 227.00 118.00 13.35 249.20

CGPP 34.00 9.00 11.86 19.00
FGPP 193.00 109.00 12.32 230.20
SF 85.14 92.63 -8.47 92.38
TGW 20.46 18.22 10.58 21.03
SPY 38.05 16.22 29.63 40.64

TABLE 3

Mean values of parents and F
1
 plants

Characters Mean of P
1

Mean of P
2

t-value P
1
-P

2
Mean of F

1

Mysore J. Agric. Sci., 59 (4) : 262-271 (2025) M. PALLAVI et al.
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Skewness indicates the nature of gene action involved
in the inheritance of traits. Kurtosis can provide
information about the number of genes controlling a
trait. In the present investigation, Skewness and
kurtosis analyses revealed non-normal distributions
for all the traits. For instance, DFF exhibited strong
negative skewness (-2.88) and leptokurtic distribution
(kurtosis = 10.1), indicating a cluster of late-flowering
individuals with extreme outliers. This skewness
suggests transgressive segregation, likely due to

epistatic interactions or dominance effects, as
hypothesized in earlier work on flowering time
genetics (Nikhitha et al., 2020). In contrast, most yield
traits (e.g., PH, FGPP) showed near-normal
distributions (skewness/kurtosis near zero), supporting
their quantitative inheritance and polygenic regulation,
a pattern consistent with prior findings in rice (Singh
and Chaudhary, 1985) (Table 4). Frequency
distribution of F

2
 population for the studied characters

is presented in Fig. 2a and 2b.

DFF 39.00 5.64 59.00 98.00 -2.88 10.14 90.53
PH 25.00 5.97 80.00 105.00 0.03 -1.12 91.19

PL 6.61 1.84 18.00 24.61 0.80 -0.42 19.93
NPPP 9.00 2.45 5.00 14.00 0.04 -0.83 9.83
TGPP 185.00 43.82 87.00 272.00 -0.06 -0.94 175.01
CGPP 40.74 8.76 6.00 47.00 0.47 -0.41 21.10
FGPP 173.65 39.68 75.00 249.00 0.01 -0.79 153.91
SF 17.42 4.17 77.92 95.34 -0.21 -0.78 87.88

TGW 3.75 1.03 18.00 21.75 -0.43 -0.92 20.36
SPY 35.42 8.64 10.29 45.71 -0.08 -0.97 28.40

TABLE 4

Range and standard deviation for the studied characters in the F
2
 population

Characters Range SD Min Max Skewness Kurtosis Mean of F
2

Fig. 1 : Mean Values of Parents, F
1
 and F

2
 population
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Estimation of Genetic Parameters

The results of genetic variability analysis revealed
distinct patterns in phenotypic (PCV) and genotypic
(GCV) coefficients of variation across traits
(Table 5). The highest PCV and GCV were observed
for CGPP (PCV = 41.53%, GCV = 37.06%) and SPY
(PCV = 30.43%, GCV = 30.03%), indicating
substantial genetic variability and potential for
effective selection (Bhargava et al., 2021). These
findings align with studies highlighting the role
of additive gene action in yield-related traits,
where high PCV and GCV reflect exploitable genetic
diversity for breeding (Awad-Allah et al.,
2022). Moderate PCV and GCV values were
recorded for NPPP, TGPP and FGPP, suggesting
balanced genetic and environmental influences on
these traits (Faysal et al., 2022). In contrast, lower

Note : CGPP= Chaffy grains per panicle, SF= Spikelet fertility, TGW= Thousand grain weight and SPY=Single plant yield

Fig. 2b :  Frequency distribution of F
2
 population for CGPP, SF, TGW and SPY

Histogram of TGW

Histogram of CGPP
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PCV and GCV values were observed for DFF,
PH, PL, SF and TGW, underscoring the predominance
of environmental effects and non-additive
gene action (Prashanth et al., 2024 and Bhargava
et al., 2021). For instance, TGW (PCV=5.08%,
GCV=4.46%) and DFF (PCV=6.55%, GCV=6.10%)
exhibited minimal genetic variability, consistent with
reports emphasizing their stability under diverse
agro-climatic conditions (Acharya et al., 2018). These
results emphasize the need for targeted breeding
strategies: high PCV/GCV traits (CGPP, SPY) are
prime candidates for direct selection, while low PCV/
GCV traits (e.g., TGW, SF) require hybridization or
genomic approaches to exploit non-additive variance.

Heritability and Genetic advance as per cent of
mean

High heritability estimates were observed across all
evaluated traits, including  SPY  (0.97),  FGPP  (0.91),

Mysore J. Agric. Sci., 59 (4) : 262-271 (2025) M. PALLAVI et al.
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TABLE 5

Genetic parameters for the studied characters in the F
2
 population

Characters PCV GCV h2bs GAM

DFF 6.24 5.87 0.89 11.39

PH 6.55 6.10 0.87 11.70

PL 9.26 8.79 0.90 17.21

NPPP 24.95 22.69 0.83 42.52

TGPP 25.04 23.69 0.90 46.17

CGPP 41.53 37.06 0.80 68.14

FGPP 25.78 24.58 0.91 48.27

SF 4.75 4.34 0.83 8.16

TGW 5.08 4.46 0.77 8.07

SPY 30.43 30.03 0.97 61.05

 PL  (0.90),  TGPP  (0.90),  DFF (0.89), PH (0.87),
N P P P  ( 0 . 8 3 ) ,  S F  ( 0 . 8 3 ) ,  C G P P  ( 0 . 8 0 ) ,
and TGW (0.77), indicating strong genetic control
over these traits (Table 5). The genetic advance
as a per cent of the mean (GAM) was highest for 

CGPP (68.14%), SPY (61.05%),  FGPP (48.27%), 
TGPP (46.17%) and NPPP (42.52%), suggesting that
these traits are predominantly governed by additive
gene action, enabling rapid genetic gains through
direct phenotypic selection (Acharya et al., 2018).

Fig. 3 : Correlation matrix of yield and its related traits in F
2
 population of rice

Mysore J. Agric. Sci., 59 (4) : 262-271 (2025) M. PALLAVI et al.
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Conversely, traits such as PL (17.21%), PH (11.70%),
DFF (11.39%), SF (8.16%) and TGW (8.07%)
exhibited moderate-to-low GAM, reflecting the
influence of non-additive gene effects (epistasis/
dominance) that necessitate hybrid breeding or
genomic selection to exploit heterosis (Viswabharathy
et al., 2023).

Correlation Analysis

The estimation of correlation coefficient among the
studied characters are presented in Fig 3. The
correlation analysis revealed significant associations
among agronomic traits in rice, highlighting both
synergistic and antagonistic relationships critical for
yield improvement. FGPP exhibited an exceptionally
strong positive correlation with TGPP (r=0.98,
p < 0.001), underscoring the dominance of filled
grains in determining total yield. SPY showed robust
positive correlations with NPPP (r=0.61), FGPP
(r=0.64) and TGPP (r=0.63), emphasizing the
combined contribution of panicle number and
grain-filling efficiency to plot-level productivity.
Notably, SF was inversely correlated with CGPP
(r=-0.78), indicating that higher fertility reduces
unproductive grain formation. However, PL displayed
consistently weak or negative correlations with
yield-related traits, such as NPPP (r=-0.14)
and TGPP (r=-0.09), suggesting potential trade-offs
between panicle architecture and yield components.
These findings imply that breeding strategies
targeting yield enhancement must prioritize traits like
FGPP and NPPP while balancing the negative
pleiotropic effects of panicle length. The results
align with previous studies advocating for selection
of high panicle number and grain-filling efficiency
to optimize yield potential in rice (Bhargava et al.,
2021 and Prashanth et al., 2024).

The findings of this study underscore the intricate
genetic architecture governing agronomic traits in
rice, offering critical insights for optimizing breeding
strategies. High heritability estimates (h²>0.77)
and substantial genetic advance (GAM > 40%) for
yield-related traits such as SPY, FGPP and TGPP
highlight their additive genetic control, making them

prime candidates for direct phenotypic selection to
achieve rapid genetic gains. Conversely, traits
like TGW, DFF and PL exhibited low-to-moderate
GAM despite high heritability, emphasizing the
role of non-additive gene action and necessitating
hybridization or genomic selection to exploit
heterosis. Correlation analyses further revealed
synergistic relationships among yield components
(e.g., FGPP-TGPP, SPY-NPPP) and trade-offs
between panicle architecture and productivity
(e.g., PL-NPPP), reinforcing the need for balanced
selection indices. Integrating these insights, the study
advocates for a dual approach: leveraging additive
traits for short-term yield improvement while
employing genomic strategies to address complex
traits governed by non-additive effects. These
strategies align with modern rice breeding paradigms
that prioritize genetic diversity and multi-trait
optimization to enhance resilience and productivity
in diverse agro ecosystems.
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