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ABSTRACT

An experiment was conducted at ICAR-IIRR during the wet season of 2023 in a mapping population
derived from the cross TI-128 X BPT-5204, along with five checks in an augmented block design
with eight blocks. This study revealed that, significant variability was present among the population
for all the traits examined. High genotypic coefficient of variation was observed for number of tillers
per plant (29.68), number of productive tillers per plant (30.56) and total number of grains per
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panicle (29.66). High phenotypic coefficient of variation and genotypic coefficient of variation was
observed for the trait grain yield per plant. High heritability coupled with high genetic advance as
percent of mean was recorded for number of tillers per plant, number of productive tillers per plant,
total number of grains per panicle and grain yield per plant showing that these traits are regulated
by additive gene effects, making them suitable for selection criteria in rice breeding programs. The
traits viz., number of tillers per plant (0.42***), number of productive tillers per plant (0.41***), filled
grains per panicle (0.20**), total number of grains per panicle (0.18**) and test weight (0.18**)
exhibited significantly positive association with grain yield per plant.

Keywords: Genetic variability; genotypic coefficient; high heritability.

1. INTRODUCTION

“With the continuously increasing global
population and the challenges presented by
changing climatic conditions, there is a
heightened demand for rice varieties with
improved vyield, climate resilience, and nutritional
value. Enhancing rice yield potential is crucial to
meeting the food demands of the rapidly growing
population and remains a primary breeding
objective for researchers worldwide” [1]. One of
the fundamental factors supporting the
development of improved rice cultivars is the
genetic variability within rice genotypes [2].
Assessing genetic variability in any crop species
is crucial for selecting an appropriate breeding
program. The effectiveness of selection relies on
the extent of genetic variability within the plant
population. Given that grain vyield and its
component traits are quantitative in nature,
breeders must identify superior genotypes based
on an understanding of the components of
variation [3,4]. A key aspect is dividing the total
variation into phenotypic and genotypic
components, as the magnitude of these
components for various traits indicates the type
of gene action, which in turn aids in determining
an appropriate breeding method for trait
improvement. Typically, estimating genetic
variability alone does not provide a definitive
indication of the improvement achievable through
simple selection. Therefore, it should be
combined with heritability and genetic advance
[5]. According to Hansen and Pélabon [6]
heritability estimates aid in the prediction of a
trait's expression in subsequent generations by
providing information about a trait's potential for
transmission to future generations. Genetic
advance, however, shows how the mean
genotypic characteristics of the selected group
differ from those of the original population. When
estimating the genetic gain under selection,
heritability estimates combined with genetic
advance are more accurate than heritability
alone. Correlation analysis provides a good

measure of the association between characters

and helps to identify the most important
character(s) to be considered for -effective
selection for increasing vyield. Therefore,

considering all these facts and recognizing the
importance of genetic variability in plant breeding
experiments, the present research work has
been taken up in a F4 mapping population.

2. MATERIALS AND METHODS

The experimental material comprised a mapping
population developed through cross between a
selected high-yielding female parent mutant line
(T1-128) and the original male parent (BPT-
5204). The F4 mapping population, consisting of
192 recombinant inbred lines (RILs), were
evaluated for yield and yield-related traits under
irrigated conditions at ICAR-IIRR (Fig. 1),
Hyderabad, during the wet season of 2023 in
augmented block design with eight blocks, each
containing 24 lines along with the parent lines
(TI-128 and BPT-5204) and five checks (CR
Dhan-201, CR Dhan-202, MAS 946-1, Sabita,
Sahbhagidhan), randomized within each block.
Each line was sown in a single row of two-meter
length with a spacing of 20 cm x 15 cm.
Recommended agronomic practices and plant
protection practices were implemented to raise a
good crop stand for irrigated rice cultivation were
followed, sowing of seeds in nursery beds and
transplanting to the main field after 30 days
under irrigated condition. Timely weeding was
performed, and field maintenance adhered to
standard agronomic practices [7].

“Observations were recorded for three plants on
various traits viz. days to 50% flowering (DFF),
plant height (PH in cm), number of tillers per
plant (NT), number of productive tillers per plant
(PT), panicle length (PL in cm), filled grains per
panicle (FGPP), total number of grains per
panicle, grain yield per plant (GYPP), and test
weight (TW in g) at the reproductive maturity.
Chlorophyll content was recorded using the Soil
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Fig. 1. Experimental flow chart

Plant Analysis Development (SPAD) chlorophyll
meter (SPAD-502 plus Minolta, New Jersey,
USA) in the morning hours between 7 to 9 am”
[8]. Soil Plant Development Index (SPAD),
Analysis of variance (ANOVA) and genetic
variability studies were computed using R studio
(version 3.5.2) with R-scripts) and the Pearson's
method (1895) was used to perform correlation
analysis.

3. RESULTS AND DISCUSSION
3.1 ANOVA of Augmented Block Design

The ANOVA indicated significant mean sum of
squares for all traits across various sources of
variation (Table 1). The source of variation for
entries, excluding blocks, was significant for all
traits analyzed, viz. days to 50% flowering, plant
height (cm), number of tillers per plant, number
of productive tillers per plant, SPAD, panicle
length (cm), filled grains per panicle, total
number of grains per panicle, grain yield per
plant (g), and test weight (g). A wide range of
variation for days to fifty percent flowering, plant
height (cm), productive tillers per plant, panicle
length (cm), grain yield per plant (g), test weight
(g) was reported by Pathak et al. [9], Vilas et al.
[10], and Kumar et al. [11]. Their research
indicated that the lines exhibited significant
variability for traits with substantial inherent
genetic variation (80%). Genetic variability is
crucial in breeding, particularly for desirable

traits, as greater variability within a population
enhances the potential for crop improvement.

3.2 Genetic Variability Parameters

The analysis of genetic variability parameters,
including range, mean, genotypic coefficient of
variation (GCV), phenotypic coefficient of
variation (PCV), broad-sense heritability, and
genetic advance as a percentage of the mean,
was conducted using the augmented RCBD
package in R Studio (version 3.5.2). This
analysis aimed to estimate the extent and
magnitude of genetic variation for yield and yield-
related traits in the mapping population. The
mean performance of the traits exhibited a wide
range of variation for most of the studied
characteristics, with detailed findings presented
in Table 2. Genetic parameters were categorized
as follows: GCV and PCV into low (0-10%),
moderate (10-20%), and high (>20%); heritability
into low (0-30%), moderate (30-60%), and high
(>60%); and genetic advance as a percentage of
the mean into low (0-10%), moderate (10-20%),
and high (>20%).

The study on variability demonstrated that the
phenotypic and genotypic coefficients of variation
were high for GYPP, NT, NPT, SPAD, NGPPF,
and NGPPT. The genotypic coefficient of
variation (GCV) was the highest for NPT at 30.56
and lowest for DFF at 5.27. Similarly, the
phenotypic coefficient of variation (PCV) was the
highest for NPT at 32.24 and lowest for DFF at
5.51. Additionally, the minimal difference
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Table 1. Analysis of variance of augmented block design

Source Df Mean.Sq

DFF GYPP PH NT NPT SPAD PL FGPP TNGPP ™™
Treatment 198  43.15 3281 i 116.23 b 16.76 ** 16.08 ** 179.15 ki 9.77 ** 6469.94 ki 17790.60 o 248 *
(ignoring Blocks)
Treatment: Check 6 219.90 ** 34477 ** 147421 ** 3041 * 3332 ** 38855 ki 79.80 **29002.60 ki 111197.41  ** 2150 **

Treatment: Test 191 35.34 **21.69 * 63.10 b 16.31 ** 1553 ** 166.62 *x 6.61 ** 4706.22 *x 13572.56 ** 1.85 ki
Treatment: Test 1 47401 ** 286.31 ** 2116.48 ** 20.64 ** 17.31 ** 1315.84 ** 194.31 ** 208144.42 ** 262994.14  ** 9.45 *x
vs. Check

Block (eliminating 7 1.05 " 4,57 ns 5.29 ns 4.36 * 7.43 *»*11.33 ns 2.07 " 86.33 ns 548.39 ns 241 *
Treatments)
Residuals 42 2.98 3.45 3.65 1.50 1.58 19.06 2.75 398.37 913.59 0.91

Significance levels: *P<0.05 and **P<0.01, d.f. degrees of freedom, DFF-Days to 50 percent flowering, PH-Plant height, NT-Number of tillers per plant, NPT-Number of productive tillers per plant, SPAD-Soil Plant Analytical
Development, PL-Panicle length, FGPP- Filled grains per panicle, TNGPP- Total number of grains per panicle and TW-Test weight

Table 2. Estimates of genetic variability parameters of mapping population in rice

S. No. Character Mean Range Coefficient of Variation Heritability (broad Genetic advance as
Minimum Maximum PCV (%) GCV (%) sense) h%(bs) (%) per cent of mean
1 Days to fifty percent flowering 107.85 93.46 117.38 5.51 5.27 91.57 10.41
2 Plant height (cm) 111.77 85.23 132.84 7.11 6.90 94.21 13.81
3 Number of tillers per plant 12.97 6.11 26.87 31.15 29.68 90.81 58.35
4 Number of productive tillers per plant 12.22 6.02 26.74 32.24 30.56 89.84 59.75
5 SPAD 46.11 19.62 74.01 27.99 26.34 88.56 51.14
6 Panicle length 26.01 11.67 33.16 9.88 7.55 58.36 11.90
7 Filled grains per panicle 231.84 60.37 607.61 29.59 28.31 91.54 55.88
8 Total number of grains per panicle 379.39 126.00 1212.86 30.71 29.66 93.27 59.09
9 Grain yield per plant 17.06 8.44 32.93 27.29 25.03 84.07 47.34
10 Test weight 13.39 8.80 19.70 10.16 7.25 50.94 10.67

Significance levels: *P<0.05 and **P<0.01, d.f. degrees of freedom, DFF-Days to 50 percent flowering, PH-Plant height, NT-Number of tillers per plant, NPT-Number of productive tillers per plant, SPAD-Soil Plant Analytical
Development, PL-Panicle length, FGPP- Filled grains per panicle, TNGPP- Total number of grains per panicle and TW-Test weight
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between GCV and PCV for all traits indicated
that environmental factors had a negligible effect
on the expression of these characteristics.

Traits such as GYPP, NT, NPT, SPAD, NGPPF,
and NGPPT exhibited both high heritability and
high genetic advance. All traits examined in the
study exhibited high heritability, except for PL
and TW, which showed moderate heritability.
The highest heritability was observed for PH at
94.21. GYPP, NT, NPT, SPAD, NGPPF, and
NGPPT exhibited high genetic advance as a
percentage of the mean (GAM). GYPP, DFF, PH,
PL, and TW show moderate GAM. The trait NPT
showed the highest GAM at 59.75.

Traits showing high GCV, PCV, heritability, and
GAM suggest that these traits are influenced
significantly by additive gene action. Selective
breeding efforts targeting these traits could yield
beneficial improvements. Similar findings were
reported by Demeke et al. [12]. Comparable
results were observed by Mamata et al. [13]. and
Shaikh et al. [14] who noted high heritability
paired with substantial genetic advance for traits
such as the number of tillers, number of
productive tillers, and number of grains per
panicle. Heritability estimates of a trait reflect the
reliability of predicting its phenotypic value. High

heritability enhances the effectiveness of
Pearson's
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selecting specific traits, thereby making their
improvement particularly beneficial.

3.3 Estimates of Correlation Coefficients
for Yield and Yield Related Traits

To determine the degree of association between
the traits, a correlation analysis was done. The
graphical representation of these correlations is
presented in Fig. 2. The traits viz., number of
tillers per plant, number of productive tillers per
plant, filled grains per panicle, total number of
grains per panicle, test weight exhibited
significantly positive association with grain yield
per plant similar results were obtained by (Sujitha
et al ., 2020), (Saleh et al., 2020) .The inter-
correlation among the traits revealed that plant
height exhibited a significant positive correlation
with panicle length (0.57***), panicle length with
test weight (0.20**), and the total number of
tillers per plant with the number of productive
tillers per plant (0.99***). The results were in
accordance with Reddy et al. [7] and
Sadimantara et al. [15] who found a significant
positive association between yield per plant and
both the total number of grains per panicle and
productive tillers per plant. Similarly, they
observed a significant positive correlation
between yield and traits such as panicle length,
percentage of filled grains, and thousand grain
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ns p >= 0.05; * p < 0.05; ** p < 0.01; and *** p < 0.001

Fig. 2. Correlation analysis among yield and yield component traits in rice
DFF-Days to 50 percent flowering, PH-Plant height, NT-Number of tillers per plant, NPT-Number of
productive tillers per plant, PL-Panicle length, FGPP- Filled grains per panicle, TNGPP- Total number
of grains per panicle and TW-Test weight
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weight. The trait of grain yield is not independent
but is influenced by a complex network of
associations with other traits that collectively
impact the overall yield [3]. This indicates that
these traits are major determinants of yield in
rice. The significant positive correlations between
yield and vyield-related traits suggest that
selecting for these traits could result in positive
indirect selection, thereby enhancing grain yield
improvement. The study identified the following
lines as promising based on their vyield
performance:-KB-39-181, KB-39-146, KB-39-
298, KB-39-188, and KB-39-195.

The high yielding lines under irrigated conditions
can be further tested under aerobic [3] and low
soil phosphorus condition [16,17], by using
assessment of multiple tolerance indices to
identify rice lines exhibiting less decrement of
yield under both system of cultivation.

4. CONCLUSION

The analysis of variance revealed the presence
of significant differences in the mapping
population for all the traits studied. The current
study concluded that grain yield per plant and the
number of productive tillers per plant exhibited
high coefficients of variation, making these traits
effective targets for selection to transfer desirable
characteristics to the next generation. High
phenotypic and genotypic coefficients of
variation, coupled with high heritability and high
genetic advance as a percentage of the mean,
were recorded for the number of tillers per plant,
number of productive tillers per plant, filled grains
per panicle, total number of grains per panicle
and grain yield per plant. These findings indicate
that direct selection is highly effective for these
traits.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Zhao XH, Yang Ql, Jia BY, Kim SM, Lee
HS, Eun MY, Kim KM, Sohn JK,
Comparison and analysis of QTLs,
epistatic effects and QTLx environment

503

interactions for yield traits using DH and
RILs populations in rice. Journal of
Integrative  Agriculture. 2013;12(2):198-
208.

Faysal AS, Ali L, Azam MG, Sarker U,
Ercisli S, Golokhvast KS, Marc RA,
Genetic variability, character association,
and path coefficient analysis in transplant
Aman rice genotypes. Plants. 2022;
11(21):29-52.

Padmashree R, Reddy V, Magar ND,
Barbadikar KM, Balakrishnan D, Gireesh
C, Siddaiah AM, Badri J, Lokesha R,
Ramesha YM, Senguttuvel P. Assessment
of multiple tolerance indices to identify rice
lines suitable for the aerobic system of
cultivation. International Journal of Plant &
Soil Science. 2023;35(11):16-28.

Sheeba A, Yogameenakshi P, Aananthi N,
Sasikumaran S, Vimala G. Studies on
genetic diversity and variability in rice
(Oryza sativa L.) genotypes. International
Journal of Plant & Soil Science.
2023;35(20):1237-1243.

Yashwanth JV, Shanthi P, Shekar MR,
Reddy VLN, Kumari PL. Estimates of
genetic variability, heritability and genetic
advance for yield and its component traits
in advanced breeding lines of rice (Oryza
sativa L.). 2021;3(2):21-47.

Hansen TF, Pélabon C. Evolvability: A
guantitative-genetics perspective. Annual
Review of Ecology, Evolution, and
Systematics. 2021;52(1):153-75.

Reddy V. Analysis of genetic variability and
correlation in rice (Oryza sativa L.)
recombinant inbred lines (F6) for yield and
its component traits. International Journal
of Environment and Climate Change.
2023;13(12):152-9.

Yugandhar P, Sun Y, Liu L, Negi M,
Nallamothu V, Sun S, Neelamraju S, Rai
V, Jain A, Characterization of the loss-of-
function mutant NH101 for yield under
phosphate deficiency from EMS-induced
mutants of rice variety Nagina22. Plant
physiology and biochemistry. 2018;130:1-
3.

Pathak S, Tiwari M, Sharma P, Dwivedi A,
Vimal SC, Debnath A, Tripathi S,
Germplasm evaluation, genetic variability,
heritability, genetic  advance, and
character analysis in scented and non-
scented rice (Oryza sativa L.) under
irrigated conditions. International Journal of
Environment and Climate Change.
2022;12(11):1855-62.



10.

11.

12.

13.

Niharika et al.; J. Exp. Agric. Int., vol. 46, no. 8, pp. 498-504, 2024; Article no.JEAI.120794

Vilas GM, Shashidhara N, Uday G,

Nethra P, and Sainath K. Genetic
evaluation of  advanced breeding
lines of rice (Oryza sativa L.) for

grain vyield and nutrient characters in
upland condition. International Journal of
Plant & Soil Science. 2024;36(7):997-
1006.

Kumar S, Vimal SC, Meena RP, Singh A,
Srikanth B, Pandey AK, Pal RK, Kumar A,
Prasad L, Luthra S, Sanu K. Exploring
genetic variability, correlation and path
analysis for yield and its component traits
in rice (Oryza sativa L.). Plant Archives.
2024;24(1):157-62.

Demeke B, Dejene T, Abebe D, Genetic
variability, heritability, and genetic advance
of morphological, yield related and quality
traits in upland rice (Oryza Sativa L.)
genotypes at pawe, northwestern Ethiopia.
Cogent Food & Agriculture. 2023;9(1):76-
79.

Mamata K, Rajanna MP, and Savita SK,
Assessment of genetic parameters for
yield and its related traits in F2 populations
involving traditional varieties of rice (Oryza
sativa L.). Int. J. Curr. Microbiol. App. Sci.
2018;7(1):2210-7.

14.

15.

16.

17.

Shaikh S, Umate S, Syed AJ, and
Deosarkar DB, Study on genetic variability,
heritability and genetic advance in rice
(Oryza sativa L.) genotypes. International
J. Pure and Appl. Biosci. 2017;5(4):511-5.
Sadimantara GR, Nuraida W. Evaluation of
yield attributing characters and grain yield
in some promising red rice lines (Oryza
sativa L.) grown in the lowland conditions.
INIOP Conference Series: Earth and
Environmental Science. 2023;1241,12-38.
CA M, PS B, Barbadikar KM, JR D, RM S,
Kumar RM, KB K, MS A. Dissecting the
genetic  relationship  between root
morphological traits with grain vyield of
introgression lines (ILs) derived from wild
rice (Oryza rufipogon Griff) under low soil
phosphorous  condition. International
Journal of Plant & Soil Science. 2023;
35(22):57-80.

Vishnupriya S, Roy SK, Sen S, Kundu A,
Mitra B, Mukhopadhyay D, Umamaheswar
N. Genetic variability analysis for yieldand
its attributing traits in rice (Oryza Sativa L.)
under phosphorus-sufficient and deficient
field conditions. Asian Journal of Saoll
Science and Plant Nutrition. 2024,
10(2):44-55.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/120794

504


https://www.sdiarticle5.com/review-history/120794

