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Abstract

A study was conducted to evaluate the genetic diversity and relationships
among sixty rice genotypes by assessing eleven morphological yield traits
using principal component analysis (PCA) and cluster analysis at ANDUAT,
Ayodhya (Uttar Pradesh), India. The results revealed significant variation
among the genotypes, with certain genotypes displaying higher values for
specific traits, thus confirming the presence of genetic diversity. Cluster
analysis revealed that Cluster V had the highest number of genotypes, while
Cluster IV exhibited the highest intra-cluster distance, indicating the poten-
tial usefulness of these genotypes for rice improvement purposes. Principal
component analysis revealed that the first two principal components, along
with three other components, accounted for 75.11 percent of the total varia-
bility. Days to 50% flowering (DFF), days to maturity (DM), 1000 seed weight
(TSW), and panicle length (PL) were identified as the most accurate predic-
tors of variability. The first principal component (PC1) was associated with
plant height (PH) and harvest index (HI), while the second principal compo-
nent (PC2) was linked to DFF and DM. The third principal component (PC3)
was associated with TSW and grains/panicle (GP), the fourth principal com-
ponent (PC4) with panicles bearing per plant (PBP) and biological yield per
plant (BY), and the fifth principal component (PC5) with PL and BY. The
study identified several promising genotypes for various traits. G.35, G.17,
G.30, G.45, and G.46 exhibited short plant height, while G.60, G.40, G.54,
G.55, and G.41 displayed high yield potential.

Keywords

Oryza sativa; genetic variability; food security; principal component analysis; multi-
variate analysis

Introduction

Rice holds a critical position as a staple food source for approximately half
of the global population (1). Its wide distribution across continents and sub-
continents is a testament to its diverse genetic makeup (2). However,
despite efforts made in breeding programs, challenges persist in the
production of rice varieties due to genetic and human-induced factors.
Ensuring the availability and suitability of suitable crop lines for future
advancements necessitates substantial time and expert involvement (3).
Genetic variations play a fundamental role in plant breeding strategies, con-
tributing not only to existing germplasm collections but also facilitating the
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development of new pure lines (4, 5). As most yield-related
traits are controlled by multiple genes, accurately
assessing the variance across available genotypes be-
comes crucial for plant breeders (6). Leveraging the
natural diversity and divergence of crops has long been
recognized and employed in the improvement of crop
species since the advent of systematic plant breeding (7).
The effectiveness of any breeding program relies on
harnessing the existing variability among germplasms,
underscoring the need to conserve, evaluate, and utilize
genetic diversity for sustainable crop production and to
meet the demands of a growing population (8).

In rice crop improvement projects, genetic diversity
is a fundamental prerequisite as it promotes the develop-
ment of more robust recombinants (9). The fastest
response to genetic development is often achieved by
crossings between parents with substantial genetic poten-
tial (10). Therefore, it is essential for plant breeders to have
a clear understanding of the level of genetic divergence
in order to select the most suitable parents for their breed-
ing programs (8). To assess the degree of genetic diver-
gence among the genotyped rice samples, D2 analysis was

Table 1. Description of the genotypes used in the study.

enhancing productivity by exploiting variability. The
utilization of diverse fertility restorers in hybridization pro-
grams and the identification of elite genotypes within the
diverse population were the objectives of this study (13).

Materials and Methods
Experimental site

The experimental work was carried out at two locations:
Crop Research Station Masodha, Ayodhya, and Student
Instructional Farm of Acharya Narendra Deva University
Agriculture & Technology (ANDUAT), Kumarganj, Ayodhya.
These locations are geographically positioned between
26.470 N latitude and 82.120 E longitude, at an altitude of
approximately 113 m above mean sea level.

Experimental material

The experimental material for this study consisted of 60
genotypes of the local landrace rice (Oryza sativa L.) culti-
vars Type-3, Lalmati, NDR-359, and NDR-2064 from Uttar
Pradesh. The germplasms were collected from the Crop
Research Station Masodha, Ayodhya, and ANDUAT, Kumar-
ganj, Ayodhya (Table 1).

Germplasm code Germplasm S.N. Germplasm S.N. Germplasm S.N. Germplasm

Gl Type 3 G16 Moti farm G31 Badshah bhog G46 Singul

G2 checks Lalmati G17 Karahani white G32 Hazaar dana G47 Chingari

G3 NDR-359 G18 Sona chur G33 Heera G438 Ketaki

G4 NDR-2064 G19 Ram bilas G34 Tinpakani G49 Sukhawan
G5 Kalamadan G20 Ram bhog-1 G35 Dudhi G50 Basahwa
G6 Naina G21 Sakkar chinni G36 Binni G51 Mangla
G7 Ram gandha G22 Madhuri G37 Bakain G52 Hari krishana
G8 Son - kharcha G23 Rasi G38 Nankawa G53 Norin
G9 Karangi G24 Lalsurya G39 Padhani G54 TCA-52
G10 Joginiya G25 Kabira G40 Mutra G55 TCA-151
G11 Gujraj G26 Sapana G41 Mazeera G56 IET-16719
G12 Bazaar bang G27 Bagari Gorakhpur G42 Aguwari G57 IET-16717
G13 Parson G28 Bhadhi black G43 Ghee bhat G58 IET-16724
Gl4 Pahariya G29 Karahni G44 Bee G59 IET-16735
G15 Akatahawa -BBK G30 Ram kajara G45 Raj muniya G60 IET-4673

employed. The finding provided valuable insights on inter
and intra-cluster distance that put light on cluster level
variety and recommends that mixing the genetic materials
of different clusters may result in heterozygous offspring
(11).

In order to evaluate the genetic diversity, herita-
bility, genetic progress, and multivariate analysis among
yield and yield-associated variables of sixty rice genotypes,
the following experiment was carried out. “Principal com-
ponent analysis (PCA), a non-parametric, multivariate
technique that analyses a data table consisting of inter-
correlated quantitative dependent variables, thereby
extracting essential information” (12). In hybrid breeding
programs, fertility restorer lines play a crucial role in

Nursery raising and transplanting

All the genotypes were sown during the Kharif (autumn)
season of 2016 and 2017. Thirty sun-dried seeds of each
genotype were utilized to raise the nursery and subse-
quently one seedling per hill was transplanted into the
field. Twenty-five days old rice seedlings were used to
transplant (13). A randomized complete block design
(RCBD) with three replicates per genotype was employed
for the experiment. The spacing between genotypes within
each replication was maintained at 15x20 cm. Further-
more, a recommended rate of NPK fertilizer application at
120:60:60 kg/ha was followed (14).
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Morphological data collection

For data collection on morphological features, five ran-
domly chosen representative plants from each genotype in
each replication were selected. The observations for each
character were recorded using the standard evaluation
system (15). A total of eleven quantitative traits were
measured, including plant height (PH) in centimeters,
tillers per plant (TP) in number, panicles bearing per plant
(PBP) in number, panicle length (PL) in centimeters, grains
per panicle (GP) in number, biological yield per plant (BY)
in grams, harvest index (HI) in grams, 1000 seed weight
(TSW) in grams, and seed yield per plant (SYP) in grams.

Statistical analysis

The obtained data were analyzed using analysis of vari-
ance (ANOVA) through the general linear model (GLM)
approach in SAS version 9.2. This analysis aimed to deter-
mine the effects of genotypes and their interaction in the
randomized complete block design (16). For traits with
homogeneous mean squares, variance components were
estimated, and a combined analysis of variance was
conducted.

The phenotypic and genotypic variances, as well as
their coefficients, heritability in the broad sense, and
genetic progress, were calculated using the formula pro-
posed by Burton and DeVane in 1953 (17, 18). To assess the
genetic diversity among the 60 genotypes along with the
four check landraces, a dendrogram was constructed
using the Windostat 9.3 software (19).

Results
Analysis of variance (mean squares) for grain yield and
quality traits

The analysis of variance (ANOVA) showed highly significant
differences among all the traits and an adequate amount
of genetic variability among all the genotypes (Table 2 &
Fig. 1) which favours selection in the desired direction.

Table 2. Analysis of variance for 11 characters of rice genotypes.
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Mean performance of genotypes for various traits

The general mean, range, standard error, and critical
difference (CD) for eleven quantitative traits of rice studied
during the Kharif season of 2016 & 2017 is represented in
(Fig. 2 & 3) that provides crude information on the pres-
ence of genetic variability among the genotypes.

The general mean of G.7 to G.9 for DM is 121.16
days, while the mean value of DFF varied from G.9 to G.7
with a range of 77.33 to 109.50 days. Plant height varied
from 89.51 (G.54) to 153.00 (G.35), with a mean value of
111.98 cm and the number of tillers per plant varied from
9.63 (G.30) to 21.02 (G.57), with a mean value of 13.69.

One of the important traits in crop improvement is
the number of panicles bearing tillers per plant. The mean
value of this trait was 9.01, ranging from 7.00 (G.46) to
12.95 (G.3), revealed that the PL had a range of 20.93 cm
(G.5) to 28.09 cm (G.36), with an average of 23.26 c¢cm.
Biological yield ranged from 37.73 (G.12) to 4673 (G.60)
with a grand mean of 74.28 g, harvest Index ranged from
34.93 (G.18) to 42.37 (G.54) with an overall mean of 38.98,
and the highest GP was observed from 78.37 (G.57) to
177.47 (G.54) with a mean of 123.10. Seed vyield per plant
ranged from 14.78 (G.12) to 41.31 (G.60), with a general
mean of 28.94 g, while 1000 seed weight ranged from 38.22
(G.21) to 11.90 (G.30), with a mean value of 23.21 g. G.60
had the SYP that was much higher, followed by G.40, G.54,
G.55, and G.41. An important factor for increasing crop
output is seed yield/plant.

The coefficient of variation (CV) for the studied
traits had a mean value of 7.89, ranging from 2.63 to 18.00.
The variables related to yield, such as tillers per plant (TP),
panicles bearing per plant (PBP), biological yield (BY), and
seed yield per plant (SYP), showed high coefficients of vari-
ation (20), indicating that the rice genotypes are more vari-
able.

Previous studies by Gomez and Gomez (20) have
indicated that the CV is a reliable indicator of the
relationship between variables and the consistency of
research. They also noted that as the CV values exceed 20,
the experimental consistency tends to decrease.

Source of variation

Characters Replicate Environments Interactions (df=2) Overall, Sum Treatments Error (df=295)
(df=2) (df=1) (df=5) (df=59)
DFF 0.23 1.23" 0.03 0.35 189.45" 11.17
DM 8.60 0.47 12.04 8.35 197.82" 10.12
PH 16.07 156.41° 15.86 44.06" 1266.72" 14.39
TP 0.76 5.28" 0.22 1.45 37.15" 6.07
PBP 0.03 36.93" 0.24 7.48' 10.90" 2.20
PL 0.29 10.15" 0.03 2.16 16.07" 1.99
GP 38.65 691.50 82.74 186.85" 2388.87" 70.77
BY 1.54 241.31" 3.70 50.36 1507.86™ 68.68
HI 1.49 11.14" 0.39 2.98 26.66" 2.29
TSW 0.76 0.80 0.33 0.60 124.46" 0.67
YP 2.19 9.40° 1.57 3.38 233.90 " 10.51

* kk

, ** significant at 5% and 1 % probability level, respectively, Where, *=significant, **=highly significant.
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Fig. 1. Frequency distribution of different quantitative traits of rice (Oryza sativa L.).

In the present study, the average critical difference
(CD) value was 7.89, with a range of 2.63 to 18.00. The high
coefficient of variation observed for yield-related traits, TP,
PBP, BY, and SYP, indicates substantial variability among

the rice genotypes (21).

Determination of genetic variations
Phenotypic and genotypic coefficient of variation

During the two-year periods, TP exhibited the highest esti-
mates of both phenotypic and genotypic coefficients of

variation, followed by SYP (g), BY (g) and several PBP.
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Fig. 2. Graphical representation of the mean performance of sixty rice (Oryza sativa L.) genotypes.
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Fig. 3. Graphical representation of CV (%) and CD among sixty rice (Oryza sativa L.) genotypes for 11 yield contributing traits (CV = Coefficient of variation, CD =
Critical difference).

The PCV and GCV estimates for these four traits were When the phenotypic coefficient variation (PCV)
found to be greater than 20% (Fig. 4), indicating a substan-  value exceeds the genotypic coefficient of variation (GCV),
tial level of variation within the studied rice genotypes. it suggests that observed variation may be influenced by

Genetic parameters
120
100
80
60
40
20

o Em_lll ma_H ll-l IIII Illl Emni IIII IIII T[] II-I IIII

Days to Days to Plant Tillers/ Panicle  Panicle Grains/ Biological Harvest 1000 Seed Seed

50% Maturity Height cm  Plant Bearing Length cm Panicle Yield/ Index Weight Yield /

Flowering tillers per Plant Plant
Plant

mEPCV (%) ®GCV (%) =ECV(%) ~h2(bs)% =GA%

Fig. 4. Graphical representation of heritability and genetic advance as % of mean in rice (Oryza sativa L.) genotypes (PCV = Phenotypic Coefficient of Variation,
GCV = Genotypic Coefficient of Variation, and ECV = Environmental Coefficient of Variation, GA= Genetic advancement %, h?= Heritability %).
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environmental factors rather than solely by genetic
factors. In such cases, the variation observed in the traits
may not be solely attributed to genetic differences among
the genotypes.

In accordance with previous studies (22 - 23), our
findings also showed high estimates of phenotypic and
genotypic coefficients of variation for the TP and PBP
across both years. Additionally, we observed substantial
phenotypic and genotypic variation in BY (g) and SYP (g)
throughout the study period.

Heritability and genetic progress

Results from Fig. 4 demonstrated high heritability values
and significant genetic progress as a percentage of the
mean value for TSW (g), BY (g) and SYP (g) in both the
years. These findings indicate that these traits were

predominantly controlled by genetic factors and were
amenable to selection for improvement.

Traits that exhibit high heritability and significant
genetic progress are considered ideal for selection and
breeding purposes due to their greater transmissibility and
variability and found in synchronization with the studies of
Acevedo-Siaca et al. and Adhikari et al. (24 - 25).

Cluster analysis by Mahalnobis Euclidean? Distance
method

With nineteen genotypes, cluster V was the largest and
exhibited the highest overall genetic similarity, followed
by clusters VI (11), Cluster VII (9), Cluster 11l (8), Cluster | (6),
and cluster IV (3). Clusters Il and VIl were the smallest,
each containing only two genotypes (Fig. 5).

Ward's Minimum Variance Dendrogram
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Fig. 5. Clustering patterns of rice genotypes based on Mahalnobis Euclidean?Distance method
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Intra-Inter cluster distances among eight clusters

Cluster IV had the highest intra-cluster distance, followed
by clusters III, 1, VI, VII, V, VIl and cluster II, indicating that
these genotypes may be amenable to informal feature ad-
justment for rice improvement (26).

All the cluster combinations showed considerable
inter-cluster distances. The largest inter-cluster distance
was recorded between clusters Il and VIIl. On the other
side, clusters VI and VIII displayed the smallest cluster dis-
tance, followed by clusters VIl and VIIl, | and V (Fig. 6).

70

from cluster IV (11.07) to cluster Il (16.36). The key
attributes were the number of tillers per plant, and the
goals for crop improvement ranged from cluster IV (7.12)
to cluster Il (12.95). This indicates that the PL ranged from
cluster VIl (20.86) to cluster | (24.66), and the highest GP
was observed from cluster V (117.10) to cluster IV (140.18).
Additionally, the BY ranged from cluster Ill (70.24) to
cluster VIl (83.03), while the HI ranged from cluster ViII
(35.84) to cluster Ill (41.54). The TSW showed a range from
cluster Il (14.12) to cluster VIl (37.66), and the SYP was
measured at 29.80 across these clusters.

Euclidean? Distance (Not to the Scale)

Fig. 6. Graphical representation of intra and inter cluster distances among eight clusters in 60 genotypes of rice (Oryza sativa L.).

Mean values of eight clusters

There have been calculated variations among all the geno-
types for each yield attributing trait. Cluster VII, followed
by clusters IV, V, VIII, Ill, VI, | and Il had the highest cluster
mean of 95.51 (DFF) and 124.88 (DM) (Fig. 7). Plant height
varied between clusters Il (94.63) and VIl (136.56), indicat-
ing that these clusters might be taken into consideration
for improving the PH of rice (Oryza sativa L.).

The variations in yield and the contributing traits
were observed across different clusters, with TP ranging

Contribution of different characters genetic divergence

Among the studied characters, TSW, PH, GP, BY, and DFF
exhibited the highest contributions to the overall genetic
divergence among the rice genotypes. These traits played
a significant role in contributing to the total diversity
observed in the population. On the other hand, characters
such as DM and SYP made no substantial contribution to
the overall genetic divergence in this study (Fig. 8).
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Fig. 7. Graphical representation of mean values of eight clusters by Tocher's method for 60 genotypes of rice (Oryza sativa L.)
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Fig. 8. Graphical representation of the contribution of different characters towards genetic divergence in 60 genotypes of rice (Oryza sativa L).

Most promising rice genotypes for different traits

Genotypes, G.35, G.17, G.30, G.45, and G.46 displayed short
plant height which may be useful to minimize waterlog-
ging. On the other hand, genotypes with early maturity
characteristics were G.9, G.2, G.58, G.44, G.34, and G.31.
Genotypes, G.60, G.40, G.54, G.55, and G.41 have had high
yield and yield-contributing characters (Fig. 9).

Principal component analysis (PCA)

Since they are responsible for the significant magnitude of
variance in the population, principal components with
eigenvalues greater than 1 are observed as imperative
components of variability. Selecting such elements is
essential to plant breeders in order to upsurge the genetic
progress. The eigenvalue of PC1 was 3.29, indicating that

this component was very variable. Principle component 1
(29.90) had a higher percent variability followed by PC2
(18.43) (Table 3).

The canonical analysis revealed that DFF, followed
by DM, TSW and PL, were the most accurate predictor of
variability. The HI and PH were measured by PC1; DFF and
DM were measured by PC2. GP is measured by PC3. PC5
was a measure of PL, whereas PC4 measures PBP and BY.

An increase in Plant height (PH) and a decrease in HI
and SYP (g) contributed to the rise of PC1. An increase in
DFF and DM, as well as the traits TP, GP and SYP contribut-
ed to the increase in PC2. PC3 showed a notable increase
with an increase in TSW (g) and a decrease in GP. PC4
exhibited a substantial increase with an increase in PBP

https://plantsciencetoday.online
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G.35,G.17, G.30,
G.45,G.46

G.9,G.2, G.58, G.44,
G.31,G.34.

[ G57,G.55,G54,

G.25,G.30,G.3,
G.1,G.56, G.36,
G.42,G.18,G.13,
EM G.30,G.39, G.60,
G.A40,G.49, G.37,
G21,G.17,G.48,
GAL

oy

SPS

HY

Fig. 9. Graphical representation of identification of most promising rice
(Oryza sativa L.) genotypes (EM- Early maturity, SPS- Short plant stature,
HY- High yield).

Table 3. Eigenvectors and Eigenvalues of the first five principal components
of 11 traits of rice (Oryza sativa L.).
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and BY (g), while PC5 showed a significant increase with an
increase in PL (cm) and a decrease in BY (g) (Fig. 10).

Discussion

Genetic analysis of quantitative traits is essential in plant
breeding programs to formulate effective breeding strate-
gies (27). The present study demonstrated significant vari-
ations in all traits, except for GP, BY, and SYP, among sixty
genotypes. This indicates the presence of substantial di-
versity for crucial traits. These findings align with a previ-
ous study on rice trait data, which also reported significant
results for all the traits (28).

The varieties G.9 and G.7 exhibited significant varia-
bility in certain traits, making them valuable for crop
improvement programs. Specifically, these varieties
showed potential for the development of short-duration
rice varieties (29). Additionally, they have high mean
values for the days to 50% blooming and maturity, indicat-
ing their potential for early maturation and shorter growth
cycles.

PCs PC1 PC2 PC3 PC4 PC5 The variety G.54 had the minimum plant height (PH)
Eigenvalue 3.28 2.03 1.56 1.36 0.92 value, while G.35 had the maximum value, indicating sig-
Variation % 29,89 18.53 1496 1241 8.40 nificant fluctuation in this trait. This information can be
utilized in the development of rice varieties with a short
Cumulative % 2989 4843 6269 7510 851 qpelf |ife (30). Furthermore, among the ten rice varieties
DFF 0.25 0.55 0.23 0.11 0.11 mentioned (G.30, G.57, G.46, G.3, G.5, G.36, G.12, G.60,
DM 0.25 0.57 0.19 0.02 -0.05 G.18, and G.21), significant variation was observed in
terms of yield and related characteristics.
PH 0.48 -0.07 -0.18 -0.04 -0.23 ) ] _ )
- 03 030 031 07 003 The analysis of genotypic and phenotypic coeffi-
’ ’ ’ ’ ' cients of variation (GCV and PCV) revealed that the PCV
TBP -0.07 -0.15 -0.19 0.58 0.16 values were higher than the GCV values for all traits, indi-
PL 0.15 0.04 033 0.23 0.73 cating the influence of environmental factors on these
P 014 0.31 049 0.03 0.03 traits. The magnitude of the differences between GCV and
PCV can serve as an indicator of the extent of environmen-
BY 0.07 0.04 026 056 059 {a] effects. When the differences are large, it suggests that
HI -0.50 0.05 0.11 0.22 0.04 environmental factors have a substantial impact on trait
TSW 0.28 022 0.43 0.39 0.04 variation, whereas smaller differences indicate a higher
genetic influence. Based on the information provided, all
SYP 040 0.31 037 009 013 the characteristics examined in the study align with this
description (31).
3D Plot

22

7 8 9 10 11 12

PCA Score Il

Fig. 10. Graphical representation of a three-dimensional graph of 60 promising germplasm in rice (Oryza sativa L.).
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The small differences between PCV and GCV for
traits such as DFF, DM, PH, PL, GP, HI, and TSW suggest
that these traits are less influenced by environmental
factors and are more genetically determined. This implies
that the observed variations in these traits are primarily
due to genetic differences among the studied individuals
rather than environmental conditions. Furthermore, the
study suggests that individuals showing desirable traits
with low environmental influence can be selected and
utilized in crossing programs that lead to future yield
enhancement. All among the yield attributing traits TP, BY
and SYP had the highest PCV and GCV (32-36). The herita-
bility values of the traits varied across the moderate to low
range, with certain traits such as DFF, DM, BY, HI, and SYP
demonstrating high heritability values.

Broad sense heritability accounts for total genetic
variance that includes additive, dominance and, epistatic
variance. These were less influenced by environmental
factors (37). The presence of high genetic advance values
for certain traits such as plant height (PH), tillers per plant
(TP), grains per panicle (GP), biological yield (BY), 1000
seed weight (TSW), and seed yield per plant (SYP) suggests
that these traits were primarily controlled by additive
genes and were amenable to improvement through selec-
tion. The findings of this study were consistent with the
results reported by Panse and Sukhatme (38).

Clusters of rice germplasm (Clusters Il and VIII, Clus-
ters IV and VIIl, and Clusters | and VIII) have a high cluster
distance which can be beneficial for developing high-
yielding, short-lived and, early-maturing breeding lines.
Latest research findings from 2020 highlight the diverse
nature of rice germplasm and its potential to create such
breeding lines (39).

Clusters (Il and VII) were better suited for creating
early maturity segregates while other clusters (I and VIII)
have genotypes that can be used to develop transgressive
breeding lines for high yield. Clusters Ill and VIII were
important for the development of semi-dwarf lines due to
their high cluster mean values. The findings of this study
were consistent with the previous study (40).

The similarity in inter-cluster distance between
Cluster VIII and Clusters I, I, and IV suggests that geno-
types G.17 and G.21 in Cluster VIII share similar character-
istics and genetic divergence with the genotypes in the
other clusters. This indicates that these genotypes can be
included in a hybridization program with the genotypes
from other clusters. The yield and yield contributing
features such as TSW, GP, BY and, SYP play a significant
role in the divergence of these clusters. The sources
(41-43) which indicate that these features contribute
significantly to the divergence and these changes can
bring improvement to the breeding lines.

The Principal Component Analysis (PCA) conducted
in this study revealed that a small number of eigenvectors
were sufficient to capture the significant morphological
variations among the genotypes. The first principal com-
ponent (PC1), which had an eigenvalue of 3.29, explained
83.51% of the total variation based on the morphological

parameters that resulted in early maturity and semi-dwarf
plant height.

Principal Components with eigenvalues of 2.03,
1.56, and 1.36 resulted in variance of 18.53%, 14.26%, and
12.41% respectively seem helpful in developing selection
criteria and selecting superior lines from a variety of
breeding populations. Majid et al. and Akhtar et al. (44-46)
also reported similar findings.

The potential for developing hybrid rice varieties is
promising, especially in countries with well-established
seed production, certification, and distribution programs
that offer affordable hybrid seeds. However, it is important
to consider the potential risks associated with the loss of
genetic diversity in crops, such as increased vulnerability
to diseases, insect pests, climate change, and changes in
agricultural practices. Therefore, breeding programs must
prioritize the maintenance of agricultural genetic diversity.

Conclusion

The analysis of variance (ANOVA) conducted on the experi-
ments showed significant variations among the sixty rice
genotypes. Among them, genotypes G.60, G.40, G.54, G.55,
and G.41 exhibited the highest likelihood of achieving high
seed yields. These genotypes also displayed consistently
high mean performance across other traits related to yield.
This indicates their potential for being effective lines in
terms of overall yield and other yield-contributing charac-
teristics. The selected genotypes demonstrated not only
high mean performance but also showed promising
performance across various pathways that contribute to
yield. Genotypes G.9, G.2, G.44, G.58, and G.31 for earliest
DFF, G.9, G.2, G.58, G.44, and G.31 for earliest DM, G.35,
G.17, G.30, G.45, G.46 for minimum PH and, G.60, G.40,
G.54, G.55 and G.41 for SYP. The superior lines identified
for yield and other traits may be used as male parents in
the hybridization program for the characters to which they
showed high mean performance. High estimates of PCV
and GCV were observed for BY and SYP during both the
years of analysis while the PCV was only estimated maxi-
mum for the number of TP and PBP in the pooled analysis.
At the point of intra and inter-cluster distance, cluster II
showed minimum intra-cluster distance during both the
years of analysis however, maximum intra-cluster distance
was shown by cluster IV during both the years of analysis.
The greatest inter-cluster distance was found between
cluster Il and VIl in pooled analysis while, the poorest inter
-cluster distance was found among cluster | and V in
pooled analysis. The percent contribution to genetic diver-
gence of rice was reported in TSW, PH, GP, BY and DFF
showing maximum per cent contribution to the overall
genetic divergence. The first PC, PC1 was responsible for
early maturity so, this can be used for the development of
early maturity variety and rest three PCs (PC2, PC3 & PC4)
were responsible for yield enhancement and can be used
for yield improvement. Indeed, the genetic diversity
observed among the rice genotypes serves as a valuable
foundation for the development of new varieties with im-
proved traits. Recognizing and understanding this
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diversity highlights the need to employ various statistical
tools and techniques to effectively exploit the diverse
genetic properties present in the genotypes. By utilizing
these tools in breeding programs, breeders can strategi-
cally harness the genetic potential of different genotypes
to develop superior rice varieties. Lastly, the identification
and exploitation of specific principal components that
contribute to early maturity and yield enhancement can be
applied in the development of new rice varieties with
desired traits ultimately improving crop yield and profita-
bility of the farmers will be a true contribution to the
society.
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