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ABSTRACT

Aim: This study aimed to estimate genetic parameters within a pearl millet population comprising
288 recombinant inbred lines (RILs) of the F7 generation along with two parental lines. The
investigation focused on exploring the relationships among 13 quantitative traits and Blast disease
score across two environments (ENV-I, ENV-II) as well as in pooled environments.

Study Design: Alpha Lattice Design.
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Place and Duration of Study: Patancheru, Telangana and Vizianagaram, Andhra Pradesh during
Kharif, 2023.

Methodology: The RILs used for this current study developed through the single seed descent
method at ICRISAT, Patancheru. The genotypes were assessed at ICRISAT, Patancheru,
Hyderabad (ENV-I), and Agricultural Research Station, Vizianagaram, Andhra Pradesh (ENV-II).
Combined Analysis of Variance, Heritability, Phenotypic Coefficient of Variation (PCV), Genotypic
Coefficient of Variation (GCV), Genetic Advance as percent of Mean (GAM), and Correlation
studies were performed in R 4.4.0.

Results: The analysis identified significant variation in both the quantitative traits and Blast disease
scores among the RILs, highlighting the potential for genetic improvement and selection. High
heritability coupled with substantial genetic advance was observed for traits such as Plant Height,
Number of Tillers, Panicle Length, Thousand Seed Weight, Seed Yield, Harvest Index, and Blast
Score across ENV-I, ENV-II and Pooled environments. PCV and GCV were notably high for the
Number of Tillers, Number of Productive Tillers, Thousand Seed Weight, Seed Yield, and Blast
Score across ENV-I, ENV-II, and Pooled Environments. Seed Yield showed positive and significant
correlations with the Number of Productive Tillers, Harvest Index, Plant Height, and Number of
Tillers in all environments. Conversely, Blast Score exhibited negative associations with all studied
traits across the environments.

Conclusion: High heritability coupled with high GAM, along with medium to high PCV and GCV for
traits such as plant height, panicle length, seed yield, harvest index, and thousand seed weight,
indicates that these traits are predominantly genetically controlled and can be improved significantly
through selection, making them valuable for breeding. Blast disease was negatively correlated with
seed vyield, thousand seed weight, days to maturity, harvest index, number of leaves, number of
productive tillers, plant height, and number of tillers, suggesting that increased susceptibility to blast
disease negatively affects key agronomic traits. This implies that genotypes with higher blast
disease scores tend to exhibit lower productivity, delayed maturity, and reduced overall plant vigor,
making resistance to blast disease a critical factor for achieving optimal crop performance and yield
stability.

Keywords: Heritability; PCV; GCV; correlation; blast disease resistance.

minerals like iron, calcium, and zinc, as well as
vital amino acids, making it superior to other
cereals in terms of nutrient content (Fleck H,

1. INTRODUCTION

Pearl millet (Pennisetum glaucum (L.) R. Br.)

serves as a vital source of nutrition for millions
residing in the semi-arid regions of tropical and
subtropical countries. It's a nutrient-dense staple
food grain that's also utilized as a feed, fodder,
construction material and even a biofuel source
(Singh J and Chhabra AK, 2018). Recognized
for its hardiness, pearl millet thrives in
challenging conditions like drought, salinity, low
rainfall, and nutrient-deficient soils (Kumawat KR
et al, 2019). It exhibits remarkable traits,
including high biomass production, rapid
regeneration, prolific tillering, extensive leaf area,
and substantial green fodder yield, along with
tolerance to pests and diseases.

In the 2023-24, pearl millet was cultivated on
7.36 million hectares in India, yielding an
average production of 10.67 million tons with a
productivity of 1,449 kg/ha (Department of
Agriculture and Farmers Welfare). Nutritionally,
pearl millet is a rich source of proteins (6-15%),
fats (5-6%), fiber (1-1.8%), and essential

1981). As a Ca4 plant, pearl millet is highly
efficient in utilizing sunlight and water, making it
a cornerstone of dryland agriculture and a crucial
crop for ensuring food and nutritional security in
the face of climate change.

The primary objective of plant breeding programs
is to enhance productivity, typically measured as
yield per unit area. A significant challenge in
pearl millet production is the threat posed by
blast disease, caused by the fungal pathogen
Pyricularia grisea (Cooke) Sacc., with its
teleomorph Magnaporthe grisea. This disease is
a major constraint, leading to substantial yield
losses. Developing resistance to blast disease is
crucial for the sustainable cultivation of pearl
millet. Understanding the genetic mechanisms
behind blast resistance and identifying resistant
lines are key strategies in mitigating the
disease's impact.

Genetic variability forms the foundation of crop
improvement, providing a broader scope for
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selection. The success of selection depends on
the nature, extent, and magnitude of genetic
variability within the material, as well as the
heritability of this variability. A thorough
assessment of variability using truly diverse
germplasm offers an accurate picture of the
extent of variation, which is essential for
evaluating genetic variability and identifying the
factors that have limited progress in pearl millet
breeding. Identifying genotypes with high
variability is critical for improving yield.

Genetic variability among traits is crucial in
selecting desirable types, with parameters such
as the genotypic coefficient of variation (GCV)
and phenotypic coefficient of variation (PCV)
serving as valuable tools for detecting the
variability present in the germplasm. Heritability,
particularly when paired with high genetic
advance, is a powerful indicator for predicting the
outcomes of selecting the best genotypes for
yield and related traits. The progress of any crop
improvement program relies on accurate
assessments of genetic variability, heritability,
and genetic advance in the base material, as
these are essential for identifying traits that are
responsive to selection. Additionally, correlation
studies are vital in designing effective breeding
strategies for specific environments, as they help
clarify the relationships between various traits.
Consequently, this investigation focused on
estimating variability, heritability, expected
genetic advance and correlation for various
guantitative characters and blast disease scores.

2. MATERIALS AND METHODS

The recombinant inbred lines (RIL) used for this
current study on blast resistance (Pyricularia
grisea (Cooke) Sacc., teleomorph: Magnaporthe
grisea) is composed of 288 F7 lines. This
population involves two parents: ICMR 100844
as the resistant parent and ICMB 95444 as the
susceptible parent. These parents, having
diverse parentages for blast resistance, were
crossed to develop the F7 generation through the
single seed descent method at ICRISAT,
Patancheru.

For phenotypic evaluation, the study involved
288 (RILs), including the two parental lines. The
genotypes were assessed at ICRISAT,
Patancheru, Hyderabad (ENV-I), and Agricultural
Research  Station, Vizianagaram, Andhra
Pradesh (ENV-II), during the kharif season of
2023. The experimental design employed was an
Alpha Lattice Design with two replications, and
each RIL was planted with a spacing of 60 x 10
cm in two rows, each 2 meters in length.

Standard management practices were followed
to ensure healthy crop growth. Observations
were recorded on five plants per plot for various
traits including Days to 50% Flowering (DFF),
Days to Maturity (DM), Plant Stand (PS), Plant
Height (PH), Number of Tillers (NT), Number of
Productive Tillers (NPT), Number of Leaves (NL),
Panicle Length (PL), Panicle Diameter (PD),
Stem Girth (SG), Thousand Seed Weight (TSW),
Seed Yield per plant (SY), Harvest Index (HI),
and Blast Score (BS).

Combined Analysis of Variance (ANOVA) was
performed by using ASReml-R Package v4
(Butler DG et al, 2009) to test the significance of
the main and interaction effects. Best Linear
Unbiased Predictors (BLUPs) were estimated for
all the traits from individual and pooled
environments. Broad sense heritability,
Phenotypic and genotypic coefficient of variation
and Genetic advance as percentage mean were
estimated using META- R v6.0.4. The Pearson’s
correlation coefficients was performed in R 4.4.0
with “"corr* function. Data analysis included
calculations of analysis of variance and summary
statistics according to Panse and Sukhatme
(1967). Phenotypic and genotypic coefficients of
variation (PCV and GCV) were computed
following Burton and Devane (1953). Heritability
in the broad sense was estimated based on
Allard  (1960). Genotypic and phenotypic
correlations were calculated according to
Falconer (1981) and heritability and genetic
advancement were categorized into low,
medium, and high as per Johnson et al. (1955).
PCV and GCV (Robinson HF et al, 1989) and GA
and GAM (Johnson et al, 1955) were divided into
three categories: low (0-10%), moderate (10.1-
20%), and high (>20%). Heritability was divided
into three categories: low (0-30%), moderate
(30.1-60%), and high (>60%) (Robinson HF et al,
1949).

3. RESULTS AND DISCUSSION
3.1 ANOVA

The ANOVA conducted on the RIL population
including parents across two locations showed
highly significant differences (P< .001) for most
traits (Table 1). These results indicate substantial
genetic variability within the RIL population for
traits under study, which is crucial for selection

and improvement in breeding programs.
Significant  variations were also observed
between two environments for all the traits

except NT and NPT indicating the role of
environment in the expression of a phenotype.
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Table 1. Combined ANOVA for agronomic traits and blast disease resistance in RIL Population
across ENV-I, ENV-II

Source of Replication Treatment Environment Replication:  Treatment:
variation Block Environment
df 1 289 1 28 289

DFF 38.709*** 14.865***  326.677*** 0.876 7.229%**
DM 29.819*** 9.870*** 136.067*** 1.691* 6.897***
PS 5.017* 1.555%** 26.346%** 1.057 1.316**

PH 1.511 13.734***  18.888*** 0.847 1.057

NT 0.507 8.296*** 2.168 1.694* 2.847**
NPT 2.356 3.264*** 3.7 1.953** 0.749

NL 2.807 5.433%* 4.924* 1.009 3.251%*

PL 0.969 24 595%*  28.588*** 1.651* 3.878**
PD 0.215 13.927***  28.343*** 0.873 4.611%*=
SG 78.865*** 2.348%* 12.974%*= 1.259 2.061%*
TSW 0.921 40.728***  87.764*** 0.675 9.91 1%+
SY 27.951%** 28.011**  202.745*** 1.418 5.726***

HI 0.001 14.916***  503.053*** 1.377 4.044%*
BS 3.784 22.705%**  38.129*** 1.000 3.838**

*xx xx * Significance at 0.001, 0.01, 0.05 levels, respectively. df- Degrees of Freedom, DFF — Days to 50%
Flowering, DM — Days to Maturity, PS - Plant Stand, PH — Plant Height, NT — Number of Tillers, NPT — Number
of Productive Tillers, NL — Number of Leaves, PL — Panicle Length, PD - Panicle Diameter, SG — Stem Girth,
TSW — Thousand Seed Weight, SY — Seed Yield, HI — Harvest Index, BS - Blast Score.

3.2 Estimation of Genetic Variability
Parameters

Genotypic  coefficient of variation (GCV),
phenotypic coefficient of variation (PCV), broad-
sense heritability (H2), genetic advance (GA),
genetic advance as percent of mean (GAM) were
estimated for all traits under study to assess their
response to selection (Table 2). These metrics
are crucial for predicting the effectiveness of
selection and guiding breeding programs aimed
at improving yield.

3.2.1 Assessment of variability

High  variabilty @ was  observed across
environments for Days to 50% Flowering, with
ranges of 36.00-57.00 days in ENV-I, 38.50-
53.00 days in ENV-II, and 37.50-54.25 days in
the Pooled environment. Similarly, Days to
Maturity showed substantial variation, ranging
from 54.50-76.50 days in ENV-l, 58.50-81.00
days in ENV-Il, and 58.75-78.75 days in the
Pooled environment. Plant Stand also varied
significantly, with ranges of 5.00-17.50 in ENV-I,
5.00-19.00 in ENV-Il, and 6.50-15.50 in the
Pooled environment. Plant Height exhibited a
wide range of variability, spanning 55.50-165.00
cm in ENV-I, 73.00-154.00 cm in ENV-II, and
70.75-156.50 cm in the Pooled environment.
The Number of Tillers varied across
environments, with ranges of 1.60—-6.70 in ENV-I,
1.90-6.60 in ENV-II, and 1.75-6.20 in the Pooled

environment. Similarly, the Number of Productive
Tillers displayed a high range of variation,
ranging from 1.10-6.33 in ENV-I, 1.50-5.20 in
ENV-ll, and 1.30-5.72 in the Pooled
environment. Substantial variation was also
observed in the Number of Leaves, ranging from
10.00-32.50 in ENV-I, 10.50-30.00 in ENV-II,
and 12.00-30.25 in the Pooled environment.
Panicle Length exhibited a wide range of
variation, spanning from 10.00-25.50 cm in ENV-
[, 9.60-24.70 cm in ENV-II, and 9.80-23.55 cm
in the Pooled environment. Panicle Diameter
varied from 15.18-29.37 mm in ENV-I, 15.87—-
27.72 mm in ENV-II, and 16.32-28.35 mm in the
Pooled environment. Stem Girth showed a
range of variation from 13.05-25.25 mm in ENV-
I, 14.00-22.00 mm in ENV-Il, and 14.33-23.28
mm in the Pooled environment. Thousand Seed
Weight exhibited broad variability, ranging from
2.28-12.58 gm in ENV-I, 3.35-12.19 gm in ENV-
I, and 3.59-11.95 gm in the Pooled
environment. Seed Yield demonstrated
considerable variation, ranging from 11.00—
204.50 g in ENV-l, 11.00-152.50 g in ENV-II,
and 15.00-178.50 g in the Pooled environment.
The Harvest Index varied widely, ranging from
24.61-80.22% in ENV-I, 15.60-76.98% in ENV-
Il, and 24.37-78.28% in the Pooled environment.
The Blast score, which indicates resistance to
susceptibility, also varied significantly, ranging
from 2.30-7.90 in ENV-I, 2.30-8.10 in ENV-II,
and 2.30-7.30 in the Pooled environment.
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Table 2. Variability parameters for agronomic traits and blast disease resistance in ENV-I, ENV-Il and pooled environment

ENV-1 RANGE

TRAIT MIN MAX MEAN HZ (%) CV (%) PCV (%) GCV (%) GA GAM
DFF 36.00 57.00 42.81 92.84 3.26 8.61 8.30 7.06 16.50
DM 54.50 76.50 65.21 81.89 3.34 5.56 5.03 6.12 9.39
PS 5.00 17.50 10.52 28.88 24.54 20.58 11.06 1.29 12.26
PH (cm) 55.50 165.00 113.14 90.55 7.09 16.32 15.53 34.48 30.48
NT 1.60 6.70 3.66 81.81 13.86 22.99 20.79 1.42 38.79
NPT 1.10 6.33 2.80 54.83 28.54 30.02 22.23 0.95 33.96
NL 10.00 32.50 19.56 77.75 13.53 20.29 17.89 6.37 32.54
PL (cm) 10.00 25.50 16.82 93.10 6.41 17.24 16.63 5.57 33.11
PD (mm) 15.18 29.37 21.43 90.05 4.79 10.73 10.18 4.27 19.93
SG (mm) 13.05 25.25 17.82 55.27 8.90 9.41 7.00 1.91 10.73
TSW (g) 2.28 12.58 7.34 95.94 6.49 22.79 22.32 3.31 45.11
SY (g) 11.00 204.50 80.46 92.33 12.93 33.01 31.72 50.60 62.88
HI 24.61 80.22 59.02 87.44 8.23 16.43 15.36 17.49 29.63
BS 2.30 7.90 4.55 93.59 10.74 29.99 29.01 2.63 57.90
ENV-II RANGE

TRAIT MIN MAX MEAN H (%) CV (%) PCV (%) GCV (%) GA GAM
DFF 38.50 53.00 44.39 89.22 3.45 7.42 7.01 6.07 13.66
DM 58.50 81.00 66.61 92.63 2.55 6.65 6.40 8.46 12.70
PS 5.00 19.00 11.40 30.37 28.33 23.86 13.15 1.70 14.95
PH (cm) 73.00 154.00 115.44 82.07 8.35 13.94 12.63 27.25 23.60
NT 1.90 6.60 3.61 81.51 13.01 21.39 19.31 1.30 35.96
NPT 1.50 5.20 2.88 34.75 23.87 20.89 12.32 0.43 14.98
NL 10.50 30.00 19.22 76.06 13.20 19.08 16.64 5.76 29.94
PL (cm) 9.60 24.70 17.16 93.07 6.19 16.62 16.03 5.48 31.91
PD (mm) 15.87 27.72 21.11 88.56 4.81 10.07 9.47 3.88 18.39
SG (mm) 14.00 22.00 17.47 53.23 9.54 9.87 7.20 1.89 10.83
TSW (g) 3.35 12.19 7.60 96.63 5.95 21.90 21.49 3.31 43.52
SY (g) 11.00 152.50 72.83 95.83 10.46 36.25 35.48 52.19 71.66
HI 15.60 76.98 52.49 91.88 8.90 22.10 21.18 21.99 41.89
BS 2.30 8.10 4.73 93.83 11.48 32.66 31.64 2.99 63.22

626



Mohammed et al.; J. Exp. Agric. Int., vol. 46, no. 11, pp. 622-636, 2024; Article no.JEAI.123833

POOLED RANGE
TRAIT MIN MAX MEAN H (%) CV (%) PCV (%) GCV (%) GA GAM
DFF 37.50 54.25 43.60 51.36 3.37 6.59 472 3.04 6.98

DM 58.75 78.75 65.91 26.28 2.97 4.68 2.40 1.67 2.54

PS 6.50 15.50 10.96 15.14 26.73 16.56 6.44 0.57 5.17

PH (cm) 70.75 156.50 114.29 92.30 7.76 14.60 14.03 31.77 27.80
NT 1.75 6.20 3.64 65.84 13.46 19.20 15.58 0.95 26.08
NPT 1.30 5.72 2.84 71.15 25.06 23.33 19.68 0.97 34.25
NL 12.00 30.25 19.39 40.16 13.37 15.59 9.88 2.50 12.91
PL (cm) 9.80 23.55 16.99 84.32 6.30 15.74 14.45 4.65 27.37
PD (mm) 16.32 28.35 21.27 67.00 4.80 9.03 7.39 2.65 12.48
SG (mm) 14.33 23.28 17.65 12.25 9.22 7.03 2.46 0.31 1.78

TSW (g) 3.59 11.95 7.47 75.67 6.22 20.03 17.43 2.34 31.27
SY (g) 15.00 178.50 76.65 79.64 11.89 31.49 28.10 39.65 51.73
HI 24.37 78.28 55.75 73.28 8.56 17.03 14.58 14.36 25.75
BS 2.30 7.30 4.64 86.18 11.13 29.45 27.34 2.43 52.36

MIN - Minimum, MAX - Maximum, H2(%) - Heritability, CV(%) - Co-efficient of Variation, PCV(%) - Phenotypic Coefficient of Variation, GCV(%) — Genotypic Coefficient of
Variation, GA — Genetic Advance, GAM — Genetic Advance as Percent of Mean, DFF — Days to 50% Flowering, DM — Days to Maturity, PS - Plant Stand, PH — Plant Height,
NT — Number of Tillers, NPT — Number of Productive Tillers, NL — Number of Leaves, PL — Panicle Length, PD - Panicle Diameter, SG — Stem Girth, TSW — Thousand Seed

Weight, SY — Seed Yield, HI — Harvest Index, BS - Blast Score.
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3.2.2 Heritability (H?)

The trait of Days to 50% Flowering exhibited high
heritability in ENV-1 (92.84%) and ENV-II
(89.22%), while moderate heritability was
observed in the Pooled environment (51.36%).
Similarly, for Days to Maturity, high heritability
was noted in ENV-l (81.89%) and ENV-II
(92.63%), whereas the Pooled environment
displayed low heritability (26.28%) unlike
moderate for days to 50% flower. Plant Stand
showed low heritability across all conditions, with
values of 28.88%, 30.37%, and 15.14% in ENV-I,
ENV-Il, and the Pooled environment,
respectively. In contrast, Plant Height exhibited
high heritability in all environments, with
heritability of 90.55%, 82.07%, and 92.30% in
ENV-I, ENV-Il, and the Pooled environment,
respectively. For the Number of Tillers,
heritability was high across ENV-I (81.81%),
ENV-II (81.51%), and the Pooled environment
(65.84%). The Number of Productive Tillers
demonstrated moderate heritability in ENV-I
(54.83%) and ENV-II (34.75%), while the Pooled
environment exhibited high heritability (71.15%).
The Number of Leaves showed high heritability
in ENV-l (77.75%) and ENV-II (76.06%), with
moderate heritability in the Pooled environment
(40.16%). Panicle Length displayed high
heritability across all environments, with values
of 93.10% in ENV-I, 93.07% in ENV-Il, and
84.32% in the Pooled environment. Similarly,
Panicle Diameter exhibited high heritability in
ENV-l (90.05%), ENV-II (88.56%), and the
Pooled environment (67.00%). Stem Girth
showed moderate heritability in ENV-1 (55.27%)
and ENV-II (53.23%), while low heritability was
observed in the Pooled environment (12.25%).
Thousand Seed Weight demonstrated high
heritability across ENV-l (95.94%), ENV-II
(96.63%), and the Pooled environment (75.67%).
Seed Yield exhibited high heritability in all
environments, with values of 92.33% in ENV-I,
95.83% in ENV-Il, and 79.64% in the Pooled
environment. Similarly, the Harvest Index
showed high heritability across ENV-I (87.44%),
ENV-II (91.88%), and the Pooled environment
(73.28%). Lastly, the Blast Score also
demonstrated high heritability in all
environments, with values of 93.59% in ENV-I,
93.83% in ENV-II, and 86.18% in the Pooled
environment.

3.2.3 PCV and GCV

The PCV and GCV for Days to 50% Flowering
were low across environments, recorded at

8.61% and 8.30% in ENV-I, 7.42% and 7.01% in
ENV-Il, and 6.59% and 4.72% in the Pooled
environment. For Days to Maturity, both PCV and
GCV were also low, with values of 5.56% and
5.03% in ENV-I, 6.65% and 6.40% in ENV-II, and
4.68% and 2.40% in the Pooled environment. A
notable difference was observed in Plant Stand,
where PCV and GCV values were 20.58% and
11.06% in ENV-I, 23.86% and 13.15% in ENV-II,
and 16.56% and 6.44% in the Pooled
environment. For Plant Height, PCV and GCV
showed minor variation across environments,
with moderate values of 16.32% and 15.53% in
ENV-l, 13.94% and 12.63% in ENV-Il, and
14.60% and 14.03% in the Pooled environment.
High PCV and GCV were recorded for the
Number of Tillers in ENV-I (22.99% and 20.79%)
and ENV-Il (21.39% and 19.31%), while the
Pooled environment exhibited moderate values
of 19.20% and 15.58%. For the Number of
Productive Tillers, ENV-I showed high PCV and
GCV at 30.02% and 22.23%, respectively, while
ENV-Il exhibited high PCV (20.89%) and
moderate GCV  (12.32%). The Pooled
environment displayed high PCV (23.33%) and
GCV (19.68%). The Number of Leaves showed
high PCV (20.29%) and moderate GCV (17.89%)
in ENV-I, while ENV-II demonstrated moderate
PCV (19.08%) and GCV (16.64%). The Pooled
environment exhibited moderate PCV (15.59%)
and low GCV (9.88%). Panicle Length had
moderate PCV and GCV across all
environments, with values of 17.24% and
16.63% in ENV-I, 16.62% and 16.03% in ENV-II,
and 15.74% and 14.45% in the Pooled
environment. Panicle Diameter showed low PCV
and GCV, recording values of 10.73% and
10.18% in ENV-I, 10.07% and 9.47% in ENV-II,
and 9.03% and 7.39% in the Pooled
environment. Stem Girth also had low PCV and
GCV across all environments, with values of
9.41% and 7.00% in ENV-I, 9.87% and 7.20% in
ENV-II, and 7.03% and 2.46% in the Pooled
environment. For Thousand Seed Weight, ENV-I
and ENV-II exhibited high PCV and GCV, with
values of 22.79% and 22.32% in ENV-I, and
21.90% and 21.49% in ENV-II, while the Pooled
environment showed high PCV (20.03%) and
moderate GCV  (17.43%). Seed Yield
demonstrated high PCV and GCV, with values of
33.01% and 31.72% in ENV-l, 36.25% and
35.48% in ENV-II, and 31.49% and 28.10% in
the Pooled environment. The Harvest Index
showed moderate PCV and GCV in ENV-I
(16.43% and 15.36%) and the Pooled
environment (17.03% and 14.58%), while ENV-II
displayed high values of 22.10% and 21.18%.
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Lastly, the Blast Score exhibited high PCV and
GCV across all environments, with values of
29.99% and 29.01% in ENV-I, 32.66% and
31.64% in ENV-II, and 29.45% and 27.34% in
the Pooled environment.

3.2.4 Heritability coupled with GAM

ENV-I and ENV-II exhibited high heritability with
moderate genetic advance as a percentage of
the mean (GAM), of 16.50% and 13.66%,
respectively, for Days to 50% Flowering. In
contrast, the Pooled environment showed
moderate heritability and low GAM. For Days to
Maturity, ENV-I demonstrated high heritability
with a low GAM of 9.39%, while ENV- Il had high
heritability with moderate GAM at 12.70%. The
Pooled environment showed low heritability and
low GAM at 2.54%. For Plant Stand, both ENV-I
and ENV-Il exhibited low heritability with
moderate GAM, at 12.26% and 14.95%,
respectively, while the Pooled environment had
low heritability and low GAM at 5.17%. High
heritability was paired with high GAM for Plant
Height across all environments, with values of
30.48%, 23.60%, and 27.80% in ENV-I, ENV-II,
and the Pooled environment, respectively. For
the Number of Tillers, high heritability was
associated with high GAM in ENV-I (38.79%),
ENV-II (35.96%), and the Pooled environment
(26.08%). ENV-I showed moderate heritability
with high GAM (33.96%) for the Number of
Productive Tillers. ENV-Il  had moderate
heritability with moderate GAM (14.98%), while
the Pooled environment displayed high
heritability with high GAM (34.25%). For the
Number of Leaves, both ENV-I and ENV-II had
high heritability with high GAM at 32.54% and
29.94%, respectively, while the Pooled
environment exhibited moderate heritability with
moderate  GAM at 12.91%. Panicle Length
showed high heritability with high GAM across all
environments, with values of 33.11% in ENV-I,
31.91% in ENV-Il, and 27.37% in the Pooled
environment. For Panicle Diameter, high
heritability was coupled with moderate GAM in
ENV-l (19.93%), ENV-Il (18.39%), and the
Pooled environment (12.48%). Stem Girth
exhibited moderate heritability with low GAM in
ENV-I (10.73%) and ENV-II (10.83%), while the
Pooled environment showed low heritability and
low GAM at 1.78%. Thousand Seed Weight had
high heritability with significant GAM in ENV-I
(45.11%), ENV-II (43.52%), and the Pooled
environment (31.27%). Seed Yield showed high
heritability ~with  high GAM across all
environments, with values of 62.88% in ENV-I,

71.66% in ENV-Il, and 51.73% in the Pooled
environment. The Harvest Index demonstrated
high heritability with high GAM in ENV-I
(29.63%), ENV-II (41.89%), and the Pooled
environment (25.75%). Finally, the Blast Score
exhibited high heritability with high GAM in ENV-I
(57.90%), ENV-II (63.22%), and the Pooled
environment (52.36%).

3.3 Correlation Studies

Correlation analysis is a statistical method used
to evaluate the strength and direction of the
relationship between two or more variables. It
quantifies how changes in one variable are
associated with changes in another.

Understanding the traits associated with seed
yield and the impact of blast disease on
agronomic parameters is essential for optimizing
crop performance and developing effective
management strategies. Seed vyield is a key
indicator of a crop's productivity and is influenced
by various agronomic traits. Identifying traits that
positively or negatively affect seed yield enables
targeted breeding and management practices to
enhance both crop output and resilience.
Additionally, blast disease, caused by the fungus
Magnaporthe grisea, poses a significant threat to
crop health and yield. Recognizing the interplay
between blast disease and other agronomic traits
is crucial for developing disease-resistant
varieties and implementing effective control
measures to mitigate its impact.

3.3.1 ENV-1

Seed Yield was positively and significantly
correlated with Thousand Seed Weight (0.21***),
Harvest Index (0.54**) Number of Productive
Tillers (0.35***), Stem Girth (0.16**), Plant Height
(0.42***), Number of Tillers (0.25**), Panicle
Diameter (0.41***) and Plant Stand (0.13*) and it
is significantly negatively correlated with the blast
disease score (-0.37***). This disease score was
not only negatively correlated with seed yield but
was also negatively correlated with Thousand
Seed Weight (-0.21***), Number of Leaves (-
0.14*), Number of Productive Tillers (-0.24***),
Plant Height (-0.38***), Number of Tillers (-
0.21***), Panicle Diameter (-0.24***) (Fig. 1a).

3.3.2 ENV-II
In this environment, too Seed Yield was

significantly and positively correlated with
Harvest Index (0.77***), Number of Productive
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Tillers (0.20***), Plant Height (0.22***), and
Number of Tillers (0.15%*), and a significant
negative correlation with Blast Disease Score (-

significant negative associations with Harvest
Index (-0.14*), Number of Productive Tillers (-
0.15%), Plant Height (-0.20***), and Number of

. . : .
0.26***). Here, the Blast Disease showed Tillers (-0.12%) (Fig. 1b).
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Fig. 1a. Correlations among seed yield, blast disease resistance and other agronomic traits in
ENV-I
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Fig. 1b. Correlations among seed yield, blast disease resistance and other agronomic traits in
ENV-II
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Fig. 1c. Correlations among seed yield, blast disease resistance and other agronomic traits in
pooled environment
BS - Blast Score, PS - Plant Stand, PD - Panicle Diameter, NT — Number of Tillers, PL — Panicle Length, PH —
Plant Height, SG — Stem Girth, NPT — Number of Productive Tillers, NL — Number of Leaves, HI — Harvest Index,
DFF — Days to 50% Flowering, DM — Days to Maturity, TSW — Thousand Seed Weight
* % *xx correlation significance at 0.05, 0.01, 0.001 levels, respectively, ns — Non — Significant.

3.3.3 Pooled environment

As with ENV-I and ENV-Il, Seed Yield was
positively correlated with Harvest Index (0.69***),
Number of Productive Tillers (0.33***), Plant
Height (0.36***), and Number of Tillers (0.27***).
Similar to ENV-I, it recorded a significant positive
correlation with Thousand Seed Weight (0.18**)
and Panicle Diameter (0.33***). In addition, it
also had a positive association with Days to
Maturity (0.12*) and Plant Stand (0.15%). Similar
to both of the environments, it had a significant
negative correlation with Blast Disease Score (-
0.34***). A similar trend of negative association
was observed in the pooled environment like the
other two for the blast disease score with Harvest
Index (-0.12%), Plant Height (0.30***), Number of
Productive Tillers (-0.21***) and Number of
Tillers (-0.20***). In addition, it had a negative
correlation with Thousand Seed Weight (-0.18**),
Days to Maturity (-0.12*) and Number of Leaves
(-0.12%) (Fig. 1c).

In the current study, the analysis of variance
indicated significant variations for all traits

between the lines. Significant variations for all
the traits except, NT and NPT between
environments and for interactions except, NPT
and PH, all other traits exhibited significant
variations.

High heritability for days to 50% flowering in
ENV-I and ENV-II, as reported by Singh et al.
(2014) Sumathi et al. (2016), and Sumathi et al.
(2010), suggests effective genetic selection in
these environments. While ENV-I and ENV-II
show potential for genetic improvement with
moderate GAM (Nehra M et al, 2017), the low
GAM in the pooled environment (Vetriventhan M
and Nirmalakumari A, 2007) Sumathi et al., 2010
(Ramya KR et al, 2018) suggests that achieving
significant genetic gains might be challenging in
a broader range of environments. High
heritability for Days to Maturity in ENV-l1 and
ENV-II, supported by Anuradha et al. (2020) and
Singh et al. (2014) indicates strong genetic
control in these environments. Conversely,
Pallavi et al. (2020) reported lower heritability in
the pooled environment, suggesting that
combining multiple environments may dilute
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genetic effects. While ENV-lI and ENV-Il show
potential for genetic improvement with low to
moderate genetic advance (Pallavi M et al, 2020,
Sharma B et al, 2018) (Sumathi et al., 2016), the
pooled environment presents challenges due to
reduced heritability and varying genetic advance,
emphasizing the effectiveness of targeted
selection in  specific environments. Low
heritability and genetic advance for Plant Stand,
consistent with Shobha Rani et al. (2019)
indicate that genetic improvements may be
limited. The high heritability and genetic advance
for Plant Height across all environments, as
noted by Satya et al. (2014) Annamalai et al.
(2020) Dapke et al. (2014) and Vetriventhan et
al. (2007) indicate a strong genetic influence on
this trait.

High heritability and genetic advance as percent
of mean for the Number of Tillers in ENV-I and
ENV-II, as reported by Annamalai et al. (2020)
and Vetriventhan et al. (2007) indicate these
environments are conducive to genetic
improvement. High heritability and genetic
advance for the Number of Productive Tillers in
the Pooled environment, supported by Satya et
al. (2014) Annamalai et al. (2020) and
Shashibhushan et al. (2022) indicates strong
genetic potential for improvement. ENV-I shows
moderate heritability and high genetic advance,
suggesting favorable conditions for progress
(Narasimhulu R et al, 2021, Dapke JS et al,
2014). In contrast, ENV-II's moderate heritability
and genetic advance (Basavaraj PS et al, 2017)
imply less potential for genetic gain. High
heritability for the Number of Leaves in ENV-I
and ENV-Il indicates these environments offer
stable genetic expression, with substantial
genetic advance further supporting strong
potential for improvement. The high heritability
and genetic advance as percent of mean for
Panicle Length observed across all
environments, supported by Annamalai et al.
(2020) Dapke et al. (2014) Vetriventhan et al.
(2007), and Sumathi et al. (2010), indicates
strong genetic control and significant potential for
improvement The high heritability for Panicle
Diameter across all environments, as observed
by Sumathi et al. (2010), Kumari et al. (2018)
and Pallavi et al. (2020) indicates a strong
genetic influence. The moderate genetic advance
associated with this high heritability suggests
potential for improvement through selection,
although the gains may be constrained by the
trait's low variability.

The moderate heritability for Stem Girth in ENV-I
and ENV-II suggests some genetic influence, but

the low genetic advance indicates limited
potential for improvement through selection. The
low heritability in the Pooled environment, as
reported by Singh et al. (2014) further restricts
the trait's responsiveness to selection. Thousand
Seed Weight shows high heritability and genetic
advance in all environments, reflecting strong
genetic control and improvement potential
(Nehra M et al, 2017, Kumar V et al, 2022,
Pallavi M et al, 2020). The high heritability and
genetic advance for Seed Yield across all
environments, supported by Shobha Rani et al.
(2019) Nehra et al. (2017) Kumar et al. (2022)
and Shashibhushan et al. (2022), indicates
strong genetic control and significant potential for
improvement through selection. The high
heritability and genetic advance for Harvest
Index observed across all environments,
consistent with findings from Dapke et al. (2014)
and Singh et al. (2014) indicates strong genetic
control and  considerable potential  for
improvement through selection. The high
heritability and genetic advance of Blast score in
all environments, consistent with Owere et al.
(2015) and Salleh et al. (2022) indicates a strong
genetic control over resistance to blast disease,
suggesting significant potential for genetic
improvement and effectiveness of selection. Low
PCV and GCV values DFF (Sathya M et al,
2014, Dapke JS et al, 2014, Basavaraj PS et al,
2017) indicate a minimal environmental impact
on this trait. Similarly, low PCV and GCV values
for DM (Sathya M et al, 2014, Dapke JS et al,
2014) Sumathi et al., 2016; suggest a limited
influence of the environment, emphasizing a
strong genetic control. Moderate PCV and GCV
values (Sathya M et al, 2014, Anuradha N et al,
2020, Ramya KR et al, 2018) underscore the
genetic dominance of this trait despite some
environmental variation for PH.

For Number of Tillers, moderate PCV and GCV
in the pooled environment (Sumathi et al., 2016;
Sumathi et al., 2010) reflects lower variability,
contrasting with the high PCV and GCV
observed in ENV-I and ENV-II (Annamalai R et
al, 2020, Kumari N et al, 2018) which point to
better conditions for genetic expression and
variation. The moderate to low PCV and GCV
values for Number of Productive Tillers in the
Pooled environment (Kumari N et al, 2018)
suggest limited variability, potentially hindering
selection effectiveness. In contrast, moderate
PCV and GCV values for Panicle Length
(Narasimhulu R and Veeraraghavaiah R, 2020,
Pallavi M et al, 2020, Narasimhulu R et al, 2021)
indicate that selection remains effective due to

632



Mohammed et al.; J. Exp. Agric. Int., vol. 46, no. 11, pp. 622-636, 2024; Article no.JEAI.123833

the trait's strong genetic basis. For Panicle
Diameter, low PCV and GCV values (Sumathi et
al., 2020; (Narasimhulu R et al, 2021) reflect
limited genetic and phenotypic variability, which
may constrain the effectiveness of breeding
programs. Similarly, low PCV and GCV values
across environments for Stem Girth (Singh B et
al 2014) suggest minimal variability, indicating
that selection for this trait may be less effective.

High PCV and GCV values for Thousand Seed
Weight in ENV-I and ENV-II (Annamalai R et al,
2020, Singh B et al, 2014) highlight substantial
variability, while moderate GCV in the Pooled
environment (Sathya M et al, 2014, Ramya KR et
al, 2018) indicates reduced variability but still
presents opportunities for improvement. For
Seed Yield, high PCV and GCV values (Ramya
KR et al, 2018, Basavaraj PS et al, 2017, Kumari
N et al, 2018, Annamalai R et al, 2020) indicate
substantial genetic variability, enhancing the
prospects for selection. Similarly, for Harvest
Index, moderate PCV and GCV in ENV-I and the
Pooled environment, alongside high PCV and
GCV in ENV-II (Dapke JS et al, 2014, Singh B et
al, 2014) suggest greater potential for selection
in ENV-II compared to the other environments.
Finally, high PCV and GCV values for Blast
Score (Owere L et al, 2015, Salleh SB et al,
2022) reflect significant genetic variability, which
enhances the potential for selection and breeding
for improved resistance to blast disease.

The correlation analysis conducted across
various environments reveals that Seed Yield is
significantly positively associated with traits such
as Thousand Seed Weight, Harvest Index,
Number of Productive Tillers, Stem Girth, Plant
Height, Number of Tillers, Panicle Diameter, and
Plant Stand (Fig. 1a, 1b, 1c). These findings are
supported by Annamalai et al., (2020) Anuradha
et al., (2020) Singh et al., (2014) for Thousand
Seed Weight; Dapke et al., (2014) Singh et al.,
(2014) and Narasimhulu et al., (2021) for Harvest
Index; Annamalai et al., (2020) Anuradha et al.,
(2020) and Dapke et al., (2014) for Number of
Productive Tillers; Dezfouli et al., (Dezfouli AAS
and Mehrani A, 2010) and Singh et al., (2014) for
Stem Girth; Anuradha et al., (2020) Dapke et al.
(2014) and Singh et al., (2014) for Plant Height;
Annamalai et al., (2020) and Kumari et al.,
(2018) for Number of Tillers; Narasimhulu et al.,
Narasimhulu et al., (2019) and Shashi Bhushan
et al., (2022) for Panicle Diameter; and
Narasimhulu et al.,, (2021) for Plant Stand.
Additionally, the positive correlation with Days to
Maturity is supported by Sumathi et al., (2016)

and Narasimhulu et al., (2019) Conversely, the
negative association between Seed Yield and
Blast Disease Score is consistent with findings
from Kandel et al., (2020) Koutroubas et al.,
(2009) Chuwa et al., (2015) Owere et al., (2015)
Subedi et al.,, (2022) and Bastiaans (1993)
demonstrating that higher disease severity
adversely impacts yield by reducing plant health
and productivity. This comprehensive
understanding of trait correlations with Seed
Yield is crucial for informing breeding strategies
and management practices aimed at enhancing
crop performance and resilience.

The correlation analysis highlights the significant
negative impact of Blast Disease on several key
agronomic  traits, which is crucial for
understanding its effect on crop performance.
Blast Disease is negatively correlated with
Thousand Seed Weight, as indicated by Kandel
et al., (2020) Bastiaans (1993, Pujar M et al,
2020, Sharma R et al, 2013) and Salleh et al.,
(2022) showing that increased disease severity
reduces seed weight. The adverse effects on the
Number of Productive Tillers align with findings
from Koutroubas et al., (2009) and Plant Height
is negatively impacted, as supported by
Koutroubas et al., (2009) Owere et al., (2015)
Ramakrishnan et al., (2016), and Salleh et al.,
(2022). The reduction in the Number of Tillers is
corroborated by Chuwa et al., (2015), Singh S et
al, (2014). Days to Maturity is negatively
associated, as Salleh et al., (2022) Maiti RK and
Bidinger FR, 1981, Kumar M et al, 2020 Kandel
et al.,, (Kandel M et al, 2020, Gupta D and
Khandelwal V, 2022, Hostelling H, 1933) support
that Blast Disease is negatively associated with
Leaf Length and further illustrates its detrimental
effects on plant health. These findings
collectively underscore the significant detrimental
effects of Blast Disease on key traits,
emphasizing the importance of effective
management  strategies to  mitigate its
negative impacts and improve overall crop
productivity.

4. CONCLUSION

Variability is essential for developing effective
breeding strategies, as it provides the basis for
selecting and improving traits. This study utilized
a multi-faceted analytical approach, including
ANOVA, heritability estimation, phenotypic and
genotypic coefficients of variation (PCV and
GCV), genetic advance as a percentage of the
mean (GAM) and correlation analysis to
thoroughly assess the pearl millet population.
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ANOVA highlighted significant variation across
all parameters, indicating substantial diversity
within the population. PCV slightly exceeds GCV
suggests a substantial environmental influence
on these traits. High heritability coupled with high
GAM, along with medium to high PCV and GCV
for traits such as plant height, panicle length,
seed vyield, harvest index, and thousand seed
weight, indicates that these traits are
predominantly genetically controlled and can be
improved significantly through selection, making
them valuable for breeding. Correlation analysis
highlighted significant relationships, such as the
positive correlation of seed yield with thousand
seed weight, days to maturity, harvest index,
number of productive tillers, plant height, number
of tillers, panicle diameter, and plant stand.
Conversely, blast disease was negatively
correlated with seed yield, thousand seed weight,
days to maturity, harvest index, number of
leaves, number of productive tillers, plant height,
and number of tillers.
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