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Abstract

Analyzing genetic variability and trait correlations is essential for designing
effective breeding programs and improving crop characteristics. This study
aimed to estimate variability parameters, heritability, genetic advance,
skewness, kurtosis, associations, and path coefficients for 13 traits in the F,
population derived from the crosses CO 54 x IC 378202 and CO 54 x IC 467496.
The cross CO 54 x IC 378202 cross exhibited notable panicle weight with
high Genotypic Coefficients of Variation (GCV) (35.94) and Phenotypic Coeffi-
cients of Variation (PCV) (36.40), elevated Heritability (H?) (97.48), significant
Genetic Advance as a Percentage of Mean (GAM) (73.10), and positive skew-
ness (0.52). Similarly, the CO 54 x IC 467496 cross demonstrated exceptional
total tillers per plant, characterized by high Genotypic Coefficients of Varia-
tion (33.63) and Phenotypic Coefficients of Variation (35.25), substantial
Heritability (90.99), notable Genetic Advance as a Percentage of Mean
(66.08), and pronounced positive skewness (0.67). In the CO 54 x IC 378202
cross, panicle weight, displayed significant positive correlations (0.641) and
direct positive effects (0.2370) on grain yield per plant. Similarly, the CO 54 x
IC 467496 cross grains per panicle exhibited strong positive correlations
(0.383) and direct effects (0.5360) on grain yield. These findings underscore
the significance of panicle weight and grain number per panicle, key deter-
minants of grain yield, as prime targets for selection in rice breeding pro-
grams. The observed predominance of additive gene action for these traits
suggests their amenability to improvement through pure line selection. By
prioritizing these traits, breeders can develop high-yielding rice cultivars,
thereby enhancing agricultural productivity and contributing to global food
security endeavors.
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Introduction

Rice is a crucial source of sustenance for nearly 70% of the global popula-
tion and serves as the primary livelihood for approximately 120 to 150 mil-
lion people in rural areas (1). The increasing global demand for rice is close-
ly associated with the rising population, particularly in Asia, where rice is a
fundamental dietary staple for over half of the world's population. Current-
ly, global rice production stands at about 759.6 million tonnes, with India

Plant Science Today, ISSN 2348-1900 (online)


http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.14719/pst.6659
http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.6659&domain=horizonepublishing.com
http://www.horizonepublishing.com/
https://doi.org/10.14719/pst.6659
mailto:pushpamtnau@gmail.com

MANI ET AL

contributing significantly at around 172.58 million tonnes.
An individual in India consumes about 103 kg of rice annu-
ally. However, projections indicate that the population in
India could reach 1.824 billion by 2050, which poses a no-
table threat to current rice production levels. To meet this
growing demand, it is estimated that rice yields must in-
crease from the current output of 37 million hectares to
approximately 137 million tonnes by 2050, necessitating a
yield enhancement of nearly 50% over the next three dec-
ades to ensure food security (1). This challenge highlights
the indispensable role of rice breeders in securing future
food supplies, especially given the stagnation observed in
both rice production and productivity trends (2). There is
an urgent need for rice varieties that demonstrate higher
productivity and possess favorable agronomic traits to
overcome yield barriers. The foundation for advancing
these yield improvements lies in genetic diversity and the
implementation of effective selection strategies, as em-
phasized by (3). Addressing these challenges will be essen-
tial for maintaining food security and supporting the liveli-
hoods of millions dependent on rice cultivation.

Genetic diversity is paramount for crop adaptation
to climate change and yield enhancement under abiotic
stress. Traditional rice varieties, or landraces, exhibit sig-
nificantly greater genetic diversity than modern cultivars.
Landraces constitute a treasure trove of adaptable genes,
providing a rich source of traits for breeding climate-
resilient cultivars. High genetic variability equips crops to
withstand environmental challenges like drought, salinity,
and temperature extremes. By leveraging stress tolerance
traits, breeders can cultivate climate-resilient crops. More-
over, variability in yield-related traits facilitates the devel-
opment of high-yielding varieties that maintain productivi-
ty under stress, ensuring food security amidst global cli-
mate challenges. Genetic variation presents significant
opportunities for integrating favorable alleles aimed at
achieving desired improvements in rice cultivation (4). The
(GCV) is a crucial metric that quantifies the extent of genet-
ic variability within a population, reflecting the heritable
component of this variability. Heritability serves as a key
indicator of trait inheritance from parents to offspring,
providing insights into the potential for traits to be passed
down through generations (5). Genetic advance is another
important parameter that indicates the expected improve-
ment in traits following selection within a population (6).
When expressed as a percentage of the mean, genetic ad-
vancement offers a clearer perspective on the potential
gains achievable through selective breeding. Kurtosis and
skewness are statistical measures that enhance our under-
standing of genetic effects and the distribution of genes
associated with specific traits (7). Association analysis
plays a vital role in identifying traits that exhibit positive or
negative correlations with yield, which can inform breed-
ing strategies aimed at optimizing plant stature. Further-
more, correlation and path analysis provide deeper in-
sights into the relationships between various traits, aiding
in the formulation of effective breeding techniques to de-
velop superior rice varieties. Collectively, these genetic
parameters are essential for advancing rice breeding pro-
grams and improving overall crop productivity.

Traditional rice varieties, or landraces, exhibit a
high degree of genetic heterogeneity compared to modern
cultivars. While these landraces are a valuable source of
genes that confer adaptability, they often yield poorly.
Consequently, there is a pressing need for varietal im-
provement in these traditional strains. To establish a sus-
tainable breeding program, it is essential to have precise
knowledge of genetic divergence concerning yield compo-
nents, as successful varietal enhancement primarily relies
on selecting parents with substantial genetic divergence
during hybridization. The effective utilization of F, segre-
gating populations has facilitated specific trait improve-
ments by fixing desirable trait combinations. The current
study aims to estimate the variability, heritability, and ge-
netic advance as a percentage of the mean for grain yield
and its components in the F, segregating generation de-
rived from two selected crosses. Additionally, it seeks to
analyze the frequency distribution patterns based on
skewness and kurtosis. Understanding these genetic pa-
rameters is indispensable for enhancing breeding strate-
gies and improving rice yield traits.

Materials and Methods

The study was carried out in a non-replicated design at the
time of the Kharif season of 2024 at the research farm of
the Tamil Nadu Rice Research Station, located in Adu-
thurai, Thanjavur. The experimental material comprised
the F, generation of two cross combinations: CO 54 x IC
378202 and CO 54 x IC 467496, developed using traditional
rice varieties. The F, generation is the preferred choice for
genetic studies due to its inherent diversity and segregat-
ing nature, arising from the self-pollination of the F, hy-
brid. This generation exhibits a broad spectrum of genetic
variability, a consequence of independent assortment and
recombination of alleles inherited from the parental lines.
The F, population comprises a mosaic of homozygous and
heterozygous genotypes, providing an ideal platform for
investigating the inheritance patterns of traits. Unlike the
F, generation, the F, generation facilitates the expression
of recessive traits, enabling the study of their phenotypic
influence. The variability inherent within the F, generation
is particularly advantageous for studying complex traits
governed by multiple genes, such as yield, and stress toler-
ance. This high degree of variability within the F, genera-
tion serves as a foundation for the selection of superior
genotypes possessing desirable traits for subsequent
breeding programs. Genetically pure seeds of CO 54, IC
378202, and IC 467496 were obtained, and the parental
seeds were cultivated to facilitate crossing between these
varieties. The resulting hybrid seeds were used to establish
the F, generation. Individual plants from the F, generation
were harvested and advanced to produce the F, genera-
tion. The F, seeds of the two cross combinations were
sown in a nursery alongside the parental lines. After 25
days, the seedlings were transplanted into the main field,
with one seedling planted per hill. A total of 400 segregat-
ing plants were grown in the F, generation, maintaining a
spacing of 20 x 20 cm, while adhering to appropriate agro-
nomic practices.
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Observations were recorded from 300 randomly
selected plants in the F, population. Selecting 300 plants
from the F, population ensures a balance between maxim-
izing sample size and maintaining practical feasibility. This
selection captures 75% of the population, representing
genetic diversity while minimizing the exclusion of rare
phenotypes. It provides sufficient statistical power to de-
tect significant trait variations and ensures accurate esti-
mates of heritability and genetic advancement. Although
analyzing all 400 plants might enhance precision, resource
constraints make 300 a manageable yet reliable choice,
reducing standard errors and improving result validity. For
each parent, a total of 20 plants were grown, and data
were gathered from 10 randomly chosen plants. 13 traits
were evaluated in the individual F, plants, including days
to 50% flowering (DFF), days to maturity (DM), plant height
(cm) (PH), total tillers per plant (TTP), effective tillers per
plant (ETP), flag leaf length (cm) (FL), flag leaf breadth
(cm) (FB), panicle length (cm) (PL), panicle weight (g)
(PW), grains per panicle (GPP), spikelet fertility (%) (SF),
test weight (g) (TW), and grain yield per plant (g) (GYP).

Statistical analysis

The genotypic coefficient of variation (GCV) and phenotyp-
ic coefficient of variation (PCV) were enumerated following
the method recommended by (8). The variations were cat-
egorized into three ranges: low (< 10%), moderate (10-20%),
and high (> 20%), as described by (9). Since segregants
were not evaluated in replicated trials, environmental vari-
ance was estimated using data from parents grown in rep-
licated trials. Broad-sense heritability was enumerated
using the formula proposed by (10) and classified into high
(> 60%), moderate (30-60%), and low (0-30%) categories.
Skewness (third-order statistics) and kurtosis (fourth-order
statistics) were estimated following the approach outlined
by (11) to examine the distribution patterns of 13 quantita-
tive traits in the F, population. Genetic advance as a per-
centage of the mean (GAM) was calculated using the meth-
od delineated by (12), with classifications of low (< 10%),
moderate (10-20%), and high (> 20%).

The association between yield and its integrant

traits, together with relationships among other traits, was
analyzed using the formula provided by (13). Path analysis
was performed using the procedure outlined by (14). Sta-
tistical analyses were generated using TNAUSTAT soft-
ware, while the association plots were generated using
R software version 1.4.1717. SPSS 16.0 software was em-
ployed to create histograms illustrating the frequency dis-
tribution of the studied traits. The selection of SPSS and
TNAUSTAT for correlation and path analyses is justified by
their distinctive strengths, ease of use, and efficacy in
managing agricultural data. SPSS offers a user-friendly
interface, comprehensive statistical methodologies, and
customizable graphical outputs, rendering it an excellent
choice for researchers. TNAUSTAT, tailored for agricultural
research, boasts optimized algorithms for plant breeding
and crop improvement, yielding detailed outputs aligned
with breeding research requirements.

Results and Discussion

The potential of a cross in plant breeding is assessed not
only by its average performance but also by the degree of
variability it exhibits. Understanding both the nature and
extent of genotypic and phenotypic variability in crop spe-
cies is crucial for developing effective breeding programs
(3). Attention should be given to the magnitude of geno-
typic and phenotypic coefficients of variability, particularly
in early segregating generations (9). Furthermore, another
study proposed that crosses that achieve early homozy-
gosity are optimal for subsequent breeding efforts (15).
The means, ranges, and variability estimates including the
(GCV), (PCV), heritability (broad sense), and (GAM) are pre-
sented in (Tables 1 and 2) for each cross separately. The
variability observed across all the studied traits was con-
siderable. Analysis of the segregating populations indicat-
ed that the PCV was consistently slightly higher than the
GCV across all traits examined in both crosses, highlighting
the influence of environmental factors on trait expression
(Tables 1 and 2). Traits such as TTP, ETP, GPP, FL, PW, GYP,
and TW exhibited high GCV alongside high PCV in both
crosses, corroborating findings by other studies (2,16).

Table 1. Genetic variability parameters of different biometrical traits in F. generation of CO 54 x IC 378202

Mean Max Min PCv GCV h? GAM Skewness Kurtosis
DFF 103.22 136.00 80.00 11.42 11.40 99.55 23.43 0.23 -0.70*
DM 132.00 165.00 108.00 9.73 9.67 98.96 19.83 0.24 -0.77*
PH 124.80 186.00 54.00 20.65 20.32 96.84 41.20 -0.01 -0.43
TTP 17.95 42.00 7.00 35.70 34.44 93.06 68.44 0.72* 0.28
ETP 15.97 34.00 6.00 34.04 32.46 90.93 63.76 0.68* 0.00
FL 32.38 59.00 14.00 27.67 25.12 82.42 46.98 0.34* 0.23
FB 1.09 1.70 0.60 17.95 13.98 60.65 22.42 -0.17 -0.11
PL 24.33 32.00 15.00 15.63 14.35 84.34 27.15 0.29* -0.61*
PW 2.49 4.93 1.01 36.40 35.94 97.48 73.10 0.52* -0.40
GPP 91.12 176.00 34.00 31.05 26.62 73.48 47.01 0.53* 0.00
SF 81.45 98.65 43.75 12.25 11.97 95.54 24.10 1.10* 1.38*
GYP 29.29 45.34 10.72 28.51 27.97 96.26 56.53 0.47* -0.58*
TW 25.81 35.87 11.00 24.94 24.54 96.84 49.74 0.44* -0.63*

*Significant at 5 % and ** Significant at 1 %level.
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Table 2. Genetic variability parameters of different biometrical traits in F, generation of CO 54 x IC 467496
Mean Max Min PCV GCV h? GAM Skewness Kurtosis

DFF 106.85 133.00 84.00 8.79 8.78 99.73 18.06 0.20 -0.62*
DM 136.90 165.00 111.00 .07 1.72 98.75 15.81 0.06 -0.62*
PH 134.71 192.00 77.50 17.82 17.62 97.74 35.87 -0.09 -0.53
TTP 15.95 39.00 5.00 35.25 33.63 90.99 66.08 0.67* 0.76*
ETP 14.30 31.00 5.00 31.15 29.01 86.70 55.64 0.61* 0.52
FL 43.79 77.40 12.50 29.23 28.33 93.93 56.55 0.20 -0.79*
FB 1.05 1.50 0.60 16.09 12.33 58.68 19.45 0.07 -0.43
PL 24.57 33.00 16.00 13.98 12.79 83.60 24.08 -0.25 -0.57*
PW 2.53 5.09 1.03 32.44 32.09 97.83 65.39 0.57* 0.11
GPP 110.25 205.00 38.00 28.38 25.24 79.09 46.23 0.19 -0.21
SF 85.95 98.37 44.17 11.17 10.81 93.73 21.57 -1.76* 3.62%
GYP 27.64 39.75 11.20 26.31 25.07 90.79 49.21 -0.46* -0.59*
TW 22.54 33.81 11.26 21.87 21.01 92.29 41.59 0.24 -0.37

*Significant at 5 % and ** Significant at 1 % level. DFF = days to 50% flowering, DM = days to maturity, PH = plant height (cm), TTP = total tillers per plant,
ETP = effective tillers per plant, FL=flag leaf length (cm), FB = flag leaf breadth (cm), PL = panicle length (cm), PW = panicle weight (g), GPP = grains per panicle,

SF=spikelet fertility (%), TW=test weight (g), GYP = grain yield per plant (g).

Traits like effective tillers and panicle weight exhibit high
heritability and GAM due to their strong genetic regulation
and minimal environmental impact, making them ideal for
selection in breeding programs. Effective tillers, governed
by additive gene effects, significantly impact grain yield by
increasing panicle numbers and optimizing resource use.
Similarly, panicle weight, a key yield component reflecting
grain capacity, integrates grain number and size, with high
GAM indicating substantial improvement potential. En-
hancing these traits ensures greater productivity, better
harvest indices, and superior grain quality, supporting
yield stability under diverse conditions

In the cross-combination CO 54 x IC 378202, low
(GCV) and (PCV) were observed for DM. Conversely, moder-
ate GCV and PCV were noted for traits such as DFF, PH, FB,
PL, and SF indicating moderate variability in these charac-
teristics. For the cross CO 54 x IC 467496, low values of
both (GCV) and (PCV) were observed for traits like DFF and
DM. In contrast, traits such as PH, FB, PL, and SF exhibited
moderate GCV and PCV, indicating a moderate level of var-
iability in these traits. These findings align with the obser-
vations reported (17,18). In the cross-combination
CO 54 x IC 378202, all traits under investigation exhibited
high heritability. Similarly, CO 54 x IC 467496 showed high
heritability for all traits, except FB (Tables 1 and 2). These
findings align with the observations reported by several
researchers (16,19). Additionally, a high range of heritabil-
ity coupled with a higher (GAM) was recorded for all traits,
except DM in CO 54 x IC 378202, and DFF, DM, and FB in
CO 54 x IC 467496 suggest the presence of cumulative gene
effects, indicating that targeted selection strategies could
effectively enhance the advancement of these traits. This
aligns with the observations of other studies (16). A moder-
ate level of (GAM) with high heritability was observed for
DM in the cross of CO 54 x IC 378202. Additionally, this was
also noted for DFF, DM, besides FB in the cross of CO 54 x
IC 467496, which aligns with the findings of (19). High herit-

ability accompanied by a low GAM indicates the predomi-
nance of non-additive genetic effects. This suggests that
selecting for such traits may not achieve substantial genet-
icimprovement.

The genetic architecture of complex, heritable traits
like spikelet fertility and test weight is characterized by
polygenic control, involving multiple loci with subtle, addi-
tive effects, epistatic interactions, and pleiotropic influ-
ences. Genomic interplay, environmental factors, and
spontaneous mutations collectively govern phenotypic
variation, Traits exhibiting high heritability are character-
ized by robust genetic control, consistent quantitative trait
loci (QTL) effects, and minimal environmental influence,
rendering them amenable to significant improvement
through selective breeding programs The frequency distri-
bution patterns of 13 quantitative traits, analyzed through
skewness and kurtosis as illustrated in (Fig. 1 and 2), re-
vealed a pronounced positively skewed leptokurtic distri-
bution for the (TTP) in the cross CO 54 x IC 378202, as well
as for TTP, ETP, PW in the cross CO 54 x IC 467496. Con-
versely, a significantly negatively skewed leptokurtic distri-
bution was observed for SF traits in both CO 54 x IC 378202
and CO 54 x IC 467496, corroborating the findings (20,21).

The trait of SF seems to be regulated by a limited
number of segregating genes, with most demonstrating a
diminishing effect and exhibiting dominance-based com-
plementary gene interactions. This is supported by the
leptokurtic and significantly negatively skewed distribu-
tion observed in the populations of CO 54 x IC 378202 and
CO 54 x IC 467496. Significant negative skewness and a
platykurtic distribution were observed for PL, GYP, and TW
in the cross CO 54 x IC 378202 and for GYP in CO 54 x IC
467496. This suggests the potential presence of domi-
nance and dominance-based duplicate epistasis, indicat-
ing that multiple genes govern these traits. The occurrence
of transgressive segregants, resulting from the accumula-
tion of favorable alleles across various studied traits,
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Fig.1. Frequency distribution for biometrical traits in F2 generation of CO 54 x |C 378202 cross.

provides an opportunity for selecting individuals at both
extremes of the phenotypic spectrum.

Given the complexity of yield as a quantitative trait,
improving yield should involve indirect selection of associ-
ated traits, which can be effectively achieved through as-
sociation studies. These analyses were conducted to ex-
plore the relationships among various traits and their con-
tributions to yield. Since focusing on a single trait may di-
rectly or indirectly affect the performance of other traits
especially in the case of the complex trait of yield direct
selection is often less effective. The findings from the cor-
relation analysis are summarized in (Tables 3 and 4) In this
study, association analysis revealed that GYP exhibited a
significant positive correlation with several traits,

including PL, PW, PH, TTP, ETP, FL, FB, GPP, and TW in the
cross CO 54 x IC 378202 (Fig. 3).

Similarly, in the cross CO 54 x IC 467496, GYP also
showed a significant positive correlation with PL, PW, PH,
TTP, ETP, FL, SF, GPP, and, TW (Fig. 4). Similar findings
were reported by several studies regarding PL and the GPP
(18,20), while (22) observed comparable results for ETP. In
the F. population resulting from the cross CO 54 x IC
378202, DFF demonstrated a highly significant positive
correlation with several traits, including PH, FL, FB, DM, PL,
PW, GPP, GYP, and TW. Additionally, it showed a highly
significant negative correlation with both TTP, ETP, and SF
(Fig. 3). In the cross CO 54 x IC 467496, DFF also exhibited a
highly significant positive correlation with PH, FL, DM, PL,
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PW, GPP, and TW, along with significant negative correla-
tions with TTP and ETP (Fig. 4). In the F, population de-
rived from the CO 54 x IC 378202 cross, DM exhibited a
highly significant positive correlation with various traits,
including PH, FL, FB, DFF, PL, PW, GPP, GYP, and TW. Con-
versely, it showed a highly significant negative correlation
between TTP and ETP (Fig. 3). Similarly, in the CO 54 x IC
467496 cross, DM demonstrated a highly significant posi-
tive correlation with PH, FL, DFF, PL, PW, PW, and TW,
while also displaying significant negative correlations with
TTP and ETP (Fig. 4).

In the F, population derived from the CO 54 x IC

378202 cross, PH exhibited a highly significant positive
correlation with several traits, including FL, FB, DFF, DM,
PL, PW, GPP, GYP, and TW (Fig. 3). Similarly, in the CO 54 x
IC 467496 cross, PH showed a highly significant positive
correlation with DM, FL, DFF, PL, PW, GPP, GYP, and TW.
Similar findings were reported by (23) and (24) regarding
DM; (17) for DM; and (25) for DM, PH, and GYP (Fig. 4).

Path coefficient analysis (PCA) was conducted using
GYP as the dependent variable, alongside 12 independent
traits, to differentiate between the direct and indirect
effects of these traits on yield. While correlation analysis
can provide insights into relationships among traits, it may
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Table 3. Correlation analysis in F, segregating populations of CO 54 x IC 378202

DFF DM PH TTP ETP FL FB PL PW GPP SF GYP TW
DFF 1.000** 0.995** 0.560** -0.141* -0.139* 0.506** 0.377** 0.500** 0.486** 0.293** -0.011 0.233** 0.347**
DM 0.995** 1.000** 0.568** -0.132* -0.132* 0.511** 0.385** 0.498** 0.492** 0.298** -0.011 0.240** 0.350**
PH 0.560** 0.568** 1.000** -0.095 -0.081 0.607** 0.464** 0.701** 0.634** 0.427** 0.024 0.456** 0.425**
TTP -0.141* -0.132* -0.095 1.000** 0.983** -0.075 0.009 -0.038 -0.101 -0.004 -0.092 0.302** -0.136*
ETP -0.139* -0.132* -0.081 0.983** 1.000** -0.067 0.019 -0.038 -0.09 0.014 -0.079 0.315** -0.140*
FL 0.506** 0.511** 0.607** -0.075 -0.067 1.000** 0.554** 0.684** 0.529** 0.358** -0.009 0.408** 0.404**
FB 0.377** 0.385** 0.464** 0.009 0.019 0.554** 1.000** 0.475** 0.540** 0.319** 0.015 0.465** 0.428**
PL 0.500** 0.498** 0.701** -0.038 -0.038 0.684** 0.475** 1.000** 0.622** 0.387** -0.024 0.500** 0.501**
PW 0.486** 0.492** 0.634** -0.101 -0.09 0.529** 0.540** 0.622** 1.000** 0.666** 0.176** 0.641** 0.616**
GPP 0.293** 0.298** 0.427** -0.004 0.014 0.358** 0.319** 0.387** 0.666** 1.000** 0.440** 0.452** 0.005
SF -0.011 -0.011 0.024 -0.092 -0.079 -0.009 0.015 -0.024 0.176** 0.440** 1.000** 0.051 -0.141*
GYP 0.233** 0.240** 0.456** 0.302** 0.315** 0.408** 0.465** 0.500** 0.641** 0.452** 0.051 1.000** 0.483**
T™W 0.347** 0.350** 0.425** -0.136* -0.140* 0.404** 0.428** 0.501** 0.616* 0.005 -0.141* 0.483** 1.000**
*=significant at 5 %, ** = significant at 1 % and NS = non-significant.
Table 4. Correlation analysis in F, segregating populations of CO 54 x IC 467496
DFF DM PH TTP ETP FL FB PL PW GPP SF GYP TW
DFF 1.000** 0.992** 0.397** -0.190** -0.186** 0.371** 0.09 0.202** 0.269** 0.156** 0.03 0.053 0.226**
DM 0.992** 1.000** 0.395** -0.195** -0.190** 0.373** 0.1 0.206** 0.269** 0.155** 0.027 0.052 0.221**
PH 0.397** 0.395** 1.000** 0.053 0.068 0.541** 0.069 0.490** 0.435** 0.316** 0.047 0.274** 0.280**
TTP -0.190** -0.195** 0.053 1.000** 0.983** 0.057 0.148* 0.083 0.042 0.06 -0.04 0.336** -0.021
ETP -0.186** -0.190** 0.068 0.983** 1.000** 0.067 0.153** 0.098 0.048 0.076 -0.019 0.344** -0.029
FL 0.371** 0.373** 0.541** 0.057 0.067 1.000** 0.113* 0.589** 0.253** 0.128* -0.083 0.169** 0.207**
FB 0.09 0.1 0.069 0.148* 0.153** 0.113* 1.000** 0.137* 0.192** 0.083 -0.048 0.086 0.086
PL 0.202** 0.206** 0.490** 0.083 0.098 0.589** 0.137* 1.000** 0.379** 0.273** -0.063 0.256** 0.239**
PW 0.269** 0.269** 0.435** 0.042 0.048 0.253** 0.192** 0.379** 1.000** 0.727** 0.283** 0.406** 0.496**
GPP 0.156** 0.155** 0.316** 0.06 0.076 0.128* 0.083 0.273** 0.727** 1.000** 0.526** 0.383** -0.102
SF 0.03 0.027 0.047 -0.04 -0.019 -0.083 -0.048 -0.063 0.283** 0.526** 1.000** 0.171** -0.169**
GYP 0.053 0.052 0.274** 0.336** 0.344** 0.169** 0.086 0.256** 0.406** 0.383** 0.171** 1.000** 0.240**
TW 0.226** 0.221** 0.280** -0.021 -0.029 0.207** 0.086 0.239** 0.496** -0.102 -0.169** 0.240** 1.000**

not accurately reflect the relative importance of those
contributing to yield. Therefore, path analysis was em-
ployed to clarify the direct and indirect influence of vari-
ous traits on GYP (Table 5 & 6). The results from the pheno-
typic path coefficient analysis indicated that ETP, TW, GPP,
and PW exhibited the highest positive direct effects on GYP
(Fig. 5). Additionally, significant direct effects were also
noted for traits such as FB, PL (26), and TTP (4). Converse-
ly, negative direct effects on grain yield per plant were ob-
served for DFF, DM, and SF (27) in the cross CO 54 x IC
378202 (Fig. 5). These findings emphasize the utility of
path analysis in understanding the complex relationships
between yield and its contributing traits. The phenotypic
path coefficient analysis for the CO 54 x IC 467496 cross
revealed that traits such as GPP, TW, ETP (22), TTP (17),
and DM exerted the strongest positive direct effects on GYP
(Fig. 6). Furthermore, notable positive direct effects were
observed for PH, PL, and SF. In contrast, traits like DFF, FB,
and PW demonstrated negative direct effects on GYP
(Fig. 6). These results highlight the importance of path
analysis in unraveling the intricate relationships between
yield and its associated traits. Our study revealed signifi-

cant direct effects between ETP(28), GPP(29,30), TW(31),
and GYP, while DFF(32) exhibited a detrimental effect.
These findings underscore the efficacy of path analysis in
elucidating the intricate relationships between yield and
its constituent traits. Consistent with previous research
ETP, GPP, and TW emerged as pivotal drivers of grain yield,
highlighting the importance of preserving genetic diversity
to bolster resilience in breeding programs (28,33,34).

Although traits such as DFF, DM, and SF exhibited
negative direct effects on GYP in the CO 54 x IC 378202
cross, they demonstrated positive indirect effects on GYP
through ETP and TTP (Fig. 5). Similarly, in the CO 54 x IC
467496 cross, while DFF showed a negative direct effect on
GYP, it also contributed positively to grain yield indirectly
via ETP and TTP (Fig. 6). In the CO 54 x IC 378202 cross,
traits including ETP, PW, GPP, and TW exhibited highly
significant and positive correlations alongside positive
direct effects on GYP (Fig. 3 & 5). Similarly, in the CO 54 x IC
467496 cross, TTP, ETP, TW, and GPP showed strong signif-
icant positive correlations coupled with positive direct
effects on GYP (Fig. 4 & 6). This suggests that the direct
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Fig. 3. Heat map depicting phenotypic correlation among the biometrical traits in F, generation of CO 54 x IC 378202 cross. Trait L1 showing notable signifi-
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Table 5. Direct and indirect effects of different biometrical traits as partitioned by path analysis for the cross CO 54 x IC 378202

DFF DM PH TTP ETP FL FB PL PW GPP SF T™wW
DFF -0.0150 -0.0150 -0.0090 0.0020 0.0020 -0.0080 -0.0060 -0.0080 -0.0070 -0.0040 0.0000 -0.0050
DM -0.1150 -0.1160 -0.0660 0.0150 0.0150 -0.0590 -0.0450 -0.0580 -0.0570 -0.0350 0.0010 -0.0410
PH 0.0360 0.0370 0.0650 -0.0060 -0.0050 0.0390 0.0300 0.0450 0.0410 0.0280 0.0020 0.0270
TTP -0.0040 -0.0030 -0.0020 0.0260 0.0260 -0.0020 0.0000 -0.0010 -0.0030 0.0000 -0.0020 -0.0040
ETP -0.0470 -0.0450 -0.0270 0.3340 0.3390 -0.0230 0.0060 -0.0130 -0.0310 0.0050 -0.0270 -0.0480
FL 0.0070 0.0070 0.0080 -0.0010 -0.0010 0.0130 0.0070 0.0090 0.0070 0.0050 0.0000 0.0050
FB 0.0340 0.0350 0.0420 0.0010 0.0020 0.0500 0.0910 0.0430 0.0490 0.0290 0.0010 0.0390
PL 0.0400 0.0390 0.0550 -0.0030 -0.0030 0.0540 0.0380 0.0790 0.0490 0.0310 -0.0020 0.0400
PW 0.1150 0.1160 0.1500 -0.0240 -0.0210 0.1250 0.1280 0.1470 0.2370 0.1580 0.0420 0.1460
GPP 0.0730 0.0740 0.1060 -0.0010 0.0030 0.0890 0.0790 0.0960 0.1650 0.2480 0.1090 0.0010
SF 0.0000 0.0000 -0.0010 0.0030 0.0020 0.0000 0.0000 0.0010 -0.0050 -0.0120 -0.0280 0.0040
T™W 0.1100 0.1110 0.1350 -0.0430 -0.0450 0.1290 0.1360 0.1590 0.1960 0.0020 -0.0450 0.3180

Table 6. Direct and indirect effects of different biometrical traits as partitioned by path analysis for the cross CO 54 x IC 467496

DFF DM PH TTP ETP FL FB PL PW GPP SF TW
DFF -0.1770 -0.1760 -0.0700 0.0340 0.0330 -0.0660 -0.0160 -0.0360 -0.0480 -0.0280 -0.0050 -0.0400
DM 0.1410 0.1420 0.0560 -0.0280 -0.0270 0.0530 0.0140 0.0290 0.0380 0.0220 0.0040 0.0310
PH 0.0240 0.0240 0.0600 0.0030 0.0040 0.0320 0.0040 0.0290 0.0260 0.0190 0.0030 0.0170
TTP -0.0230 -0.0240 0.0060 0.1220 0.1200 0.0070 0.0180 0.0100 0.0050 0.0070 -0.0050 -0.0030
ETP -0.0360 -0.0360 0.0130 0.1890 0.1920 0.0130 0.0290 0.0190 0.0090 0.0150 -0.0040 -0.0060
FL 0.0050 0.0050 0.0080 0.0010 0.0010 0.0140 0.0020 0.0080 0.0040 0.0020 -0.0010 0.0030
FB 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0010 0.0000 0.0000 0.0000 0.0000 0.0000
PL 0.0100 0.0100 0.0240 0.0040 0.0050 0.0290 0.0070 0.0500 0.0190 0.0140 -0.0030 0.0120
PW -0.0680 -0.0680 -0.1110 -0.0110 -0.0120 -0.0640 -0.0490 -0.0960 -0.2540 -0.1850 -0.0720 -0.1260
GPP 0.0840 0.0830 0.1690 0.0320 0.0410 0.0690 0.0440 0.1460 0.3900 0.5360 0.2820 -0.0540
SF 0.0010 0.0010 0.0020 -0.0020 -0.0010 -0.0040 -0.0020 -0.0030 0.0120 0.0220 0.0420 -0.0070
TW 0.0930 0.0910 0.1160 -0.0090 -0.0120 0.0860 0.0360 0.0990 0.2050 -0.0420 -0.0700 0.4130
Path Diagram of Direct and Indirect effects Path Diagram of Direct and Indirect effects

Direct Effect [ Direct Effect
Indirect Effect Indirect Effect

Fig. 5. Path analysis diagram for the cross CO 54 x IC 378202. Fig. 6. Path analysis diagram for the cross CO 54 x IC 467496.
D Trait showing notable significant positive direct effect with GYP. [] Trait showing notable significant positive direct effect with GYP.
|:| Traits showing notable significant negative direct effect with GYP [ Traits showing notable significant negative direct effect with GYP
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effects of these traits on GYP constituted a significant por-
tion of the total correlation observed between them. Thus,
direct selection based on these traits would be effective
and beneficial. A similar pattern of relationships, charac-
terized by positive direct effects and positive correlations
of most of these traits with grain yield per plant, has been
documented in previous studies (35).

Conclusion

The CO 54 x IC 378202 cross exhibited high GCV, PCV, H?,
positive skewness, and GAM for TTP, ETP, FL, PW, and GPP,
highlighting additive gene effects and strong selection
potential. Similarly, the CO 54 x IC 467496 cross showed
high GCV, PCV, H?, positive skewness, and GAM for TTP,
ETP, and PW. Key traits like ETP, GPP, and PW in CO 54 x IC
378202, and TTP and ETP in CO 54 x IC 467496, showed
high heritability, genetic advance, and strong correlations
and direct effects with GYP, making them suitable for F2
selection. To enhance the variability, inter-mating and
biparental mating within and between these populations
are recommended. The observed predominance of addi-
tive gene action for these traits suggests their amenability
to improvement through pure line selection. By prioritizing
these traits, breeders can develop high-yielding rice culti-
vars, thereby enhancing agricultural productivity and con-
tributing to global food security endeavors.

Acknowledgements

We thank the Department of Rice, Centre for Plant Breed-
ing and Genetics, Tamil Nadu Agricultural University, Co-
imbatore for providing financial and field assistance for
conducting this research.

Authors’ contributions

PM performed the field experiments, measurements, and
data analysis and drafted the manuscript, and PR super-
vised and worked on the manuscript. All authors were in-
volved in planning and providing critical feedback on the
manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interests to declare.

Ethical issues: None

References

1. Fathima MA, Geetha S, Amudha K, Uma D. Genetic variability, fre-
quency distribution and association analysis in ADT (R) 48 x Kavuni
derived F2 population of rice (Oryza sativa L.). Electron J Plant Breed.
2021;12(3):659-66. https://doi.org/10.37992/2021.1203.092

2. Khandappagol M, Rajanna MP, Savita SK. Variability and fre-
quency distribution studies in F, population of two crosses in-
volving traditional varieties of rice (Oryza sativa L.). J Pharma-
cogn Phytochem. 2019;8(1):1630-34.

3. Allard RW. Principles of plant breeding. 2nd ed. New York, To-
ronto: John Wiley and Sons, Inc; 1999. 264 p.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

10

Pandey J, Scheuring DC, Koym JW, Coombs J, Novy RG, Thomp-
son AL, et al. Genetic diversity and population structure of ad-
vanced clones selected over forty years by a potato breeding
program in the USA. Sci Rep. 2021;11(1):1-18. https://
doi.org/10.1038/541598-021-87284-x

Falconer DS, Mackay TF. Introduction to quantitative genetics.
4th ed. Harlow, UK: Longman Group; 1996.

Shet RM, Rajanna MP, Ramesh S, Sheshshayee MS, Mahadevu P.
Genetic variability, correlation and path coefficient studies in F,
generation of aerobic rice (Oryza sativa L.). Electron J Plant
Breed. 2012;3(3):925-31.

Fisher RA, Immer FR, Tedin O. The genetical interpretation of
statistics of the third degree in the study of quantitative inher-
itance. Genetics. 1932;17(2):107-24. https://doi.org/10.1093/
genetics/17.2.107

Burton GW. Quantitative inheritance in grasses. In: Proceedings
of the 6th International Grassland Congress; 1952. 1(2):277-83.

Sivasubramanian S, Madhavamenon P. Genotypic and pheno-
typic variability in rice. Madras Agric J. 1973;60:1093-106.

Lush JL. Intra-sire correlations or regressions of offspring on
dam as a method of estimating heritability of characteristics. J
Anim Sci. 1940;1940(1):293-301.

Snedecor GW, Cochran WG. Statistical methods. 7th lowa State
University USA; 1980. 80-86.

Johnson HW, Robinson HF, Comstock RE. Genotypic and pheno-
typic correlations in soybeans and their implications in selec-
tion. Agron J. 1955;47:477-83. https://doi.org/10.2134/
agronj1955.00021962004700100008x

Weber CR, Moorthy BR. Heritable and nonheritable relationships
and variability of oil content and agronomic characters in the F.
generation of soybean crosses 1. Agron J. 1952;44(4):202-09.
https://doi.org/10.2134/agronj1952.00021962004400040010x

Dewey DR, Lu K. A correlation and path-coefficient analysis of
components of crested wheatgrass seed production 1. Agron J.
1959;51(9):515-18.
https://doi.org/10.2134/agronj1959.00021962005100090002x

Jennings PR, Coffman WR, Kauffman HE. Rice improvements.
Los Bafos, Philippines: International Rice Research Institute;
1979. 186 p.

Rani CS, Anandakumar CR, Raveendran M, Subramanian KS,
Robin S. Genetic variability studies and multivariate analysis in
F.segregating populations involving medicinal rice (Oryza sativa
L.) cultivar Kavuni. Int J Agric Sci. 2016;8(35):1733-35.

Kahani F, Hittalmani S. Genetic analysis and traits association in
F2 intervarietal populations in rice under aerobic condition. J
Rice Res.  2015;3(4):1-5. https://doi.org/10.4172/2375-
4338.1000152

Swapnil KP, Chakraborty M, Singh DN, Kumari P, Ekka JP. Ge-
netic variability, correlation and path coefficient studies in F,
generation of rice (Oryza sativa L.). Int J Chem Stud. 2020;8
(4):3116-20. https://doi.org/10.22271/chemi.2020.v8.i4al.10129

Savitha P, Usha Kumari R. Assessment of genetic variability and
correlation studies among traditional land races and improved
cultivars for segregating generations of rice (Oryza sativa L.). Int
J Sci Nat. 2015;6(2):135-40.

Priyanka AR, Gnanamalar RP, Banumathy S, Senthil N, Hemalatha G.
Genetic variability and frequency distribution studies in F. segregat-
ing generation of rice. Electron J Plant Breed. 2019;10(3):988-94.
https://doi.org/10.5958/0975-928X.2019.00127.3

Nikhitha TC, Pushpham R, Raveendran M, Manonmani S. Genetic
variability and frequency distribution studies in F, population involv-
ing traditional variety mappillai samba. Electron J Plant Breed.
2020;11(03):933-38. https://doi.org/10.37992/2020.1103.151

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.37992/2021.1203.092
https://doi.org/10.1038/s41598-021-87284-x
https://doi.org/10.1038/s41598-021-87284-x
https://doi.org/10.1093/genetics/17.2.107
https://doi.org/10.1093/genetics/17.2.107
https://doi.org/10.2134/agronj1955.00021962004700100008x
https://doi.org/10.2134/agronj1955.00021962004700100008x
https://doi.org/10.2134/agronj1952.00021962004400040010x
https://doi.org/10.2134/agronj1959.00021962005100090002x
https://doi.org/10.4172/2375-4338.1000152
https://doi.org/10.4172/2375-4338.1000152
https://doi.org/10.22271/chemi.2020.v8.i4al.10129
https://doi.org/10.5958/0975-928X.2019.00127.3
https://doi.org/10.37992/2020.1103.151

22.

23.

24,

25.

26.

27.

28.

29.

Bhargava K, Shivani D, Pushpavalli S, Sundaram RM, Beulah P, Sen-
guttuvel P. Genetic variability, correlation and path coefficient anal-
ysis in segregating population of rice. Electron J Plant Breed.
2021;12(2):549-55. https://doi.org/10.37992/2021.1202.077

Akinwale MG, Gregorio G, Nwilene F, Akinyele BO, Ogunbayo SA,
Odiyi AC. Heritability and correlation coefficient analysis for
yield and its components in rice (Oryza sativa L.). Afr J Plant Sci.
2011;5(3):207-12. https://doi.org/10.3923/ijpbg.2011.224.234

Nagaraju C, Sekhar MR, Reddy KH, Sudhakar P. Correlation be-
tween traits and path analysis coefficient for grain yield and
other components in rice (Oryza sativa L.) genotypes. Int J Appl
Biol Pharm Technol. 2013;4(3):137-42.

Tiwari DN, Tripathi SR, Tripathi MP, Khatri N, Bastola BR. Genet-
ic variability and correlation coefficients of major traits in early
maturing rice under rainfed lowland environments of Nepal.
Adv Agric. 2019;1-9. https://doi.org/10.1155/2019/5975901

Nandeshwar BC, Pal S, Senapati BK, De DK. Genetic variability
and character association among biometrical traits in F. genera-
tion of some Rice crosses. Electron J Plant Breed. 2010;1(4):758-
63.

Hema T, Saravanan S, Kannan R, Shoba D, Pillai MA. Studies on
genetic variability, association, and path coefficient analysis in F2
derivatives of CR 1009 x WP 22-2 for earliness and semi-dwarfism in
rice (Oryza sativa L.). Electron J Plant Breed. 2019;10(2):585-91.
https://doi.org/10.5958/0975-928X.2019.00074.7

Shanmugam A, Suresh R, Ramanathan A, Anandhi P, Sassikumar D.
Unravelling genetic diversity of South Indian rice landraces based on
yield and its components. Electron J Plant Breed. 2023;14(1):160-69.
https://doi.org/10.37992/2023.1401.007

Jebakani KS, Aishwarya D, Pramitha JL, Ramchander S, Devase-
na N, Wilson D, et al. Assessing the genetic diversity and associa-

30.

31

32.

33.

34.

35.

11

tion of traits among the rice (Oryza sativa L.) landraces and vari-
eties from Tamil Nadu. Electron J Plant Breed. 2023;14(3):818-
32. https://doi.org/10.37992/2023.1403.092

Dhanuja N, Ganesamurthy K, Pushpam R, Amudha K, Uma D.
Studies on genetic diversity in selected rice (Oryza sativa L.)
landraces of Tamil Nadu. Electron J Plant Breed. 2021;12(3):990
-97. https://doi.org/10.37992/2021.1203.137

Sruthi SR, lvin JJS, Williams G, Anbuselvam Y. Genetic variability
and diversity in traditional rice (Oryza sativa L.) varieties of Tam-
il Nadu. Environ Ecol. 2023;41(2):746-53.

Umadevi M, Shanthi P, Saraswathi R. Characterization of rice
landraces of Tamil Nadu by multivariate analysis. Electron J
Plant Breed. 2019;10(3):1185-93. https://doi.org/10.5958/0975-
928X.2019.00150.9

Dinesh K, Devi MS, Sreelakshmi C, Paramasiva I. Exploring the
genetic diversity for yield and quality traits in indigenous land-
races of rice (Oryza sativa L.). Electron J Plant Breed. 2023;14
(2):502-10. https://doi.org/10.37992/2023.1402.055

Thakur K, Sarma MK, Banu S, Saharia DD, Borgohain I, Deka SD.
Genetic variation and character association for grain yield and
component traits in traditional rice (Oryza sativa L.) cultivars of
Assam. Electron J Plant Breed. 2023;14(1):349-53. https://
doi.org/10.37992/2023.1401.021

Immanuel SC, Pothiraj N, Thiyagarajan K, Bharathi M, Rabindran
R. Genetic parameters of variability, correlation and path coeffi-
cient studies for grain yield and other yield attributes among
rice blast disease-resistant genotypes of rice (Oryza sativa L.).
Afr J Biotechnol. 2011;10(17):3322-34. https://doi.org/10.5897/
AJB10.2575

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.37992/2021.1202.077
https://doi.org/10.3923/ijpbg.2011.224.234
https://doi.org/10.1155/2019/5975901
https://doi.org/10.5958/0975-928X.2019.00074.7
https://doi.org/10.37992/2023.1401.007
https://doi.org/10.37992/2023.1403.092
https://doi.org/10.37992/2021.1203.137
https://doi.org/10.5958/0975-928X.2019.00150.9
https://doi.org/10.5958/0975-928X.2019.00150.9
https://doi.org/10.37992/2023.1402.055
https://doi.org/10.37992/2023.1401.021
https://doi.org/10.37992/2023.1401.021
https://doi.org/10.5897/AJB10.2575
https://doi.org/10.5897/AJB10.2575

