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Abstract | As a primary food of majority global population, rice is essential to maintain steady and reliable
production. However, soil conditions, especially in the coastal region and salinity level, pose threats to
achieving optimum productivity. Therefore, it is essential to evaluate morpho-genetic variability finding an
appropriate genotype in rice breeding for these regions. This study focused on evaluating the morphological
differences among ten local and modern genotypes in Noakhali, a coastal region of Bangladesh, using a
randomized complete block design (RCBD). ANOVA results indicated a significant variation (P < 0.001)
among the genotypes. The local variety (Rajashail) was relatively early maturing among all. Whereas, for the
other morphological traits (number of tillers, number of effective tillers, panicle length, grains per hill and
yield), comparatively modern varieties outperformed. Binadhan-10, a modern variety, showed the highest
yield of 5.23 tons/ha, demonstrating superior performance in the coastal region due to its adaptability to
saline conditions. In the principal component analysis (PCA), the first two PCs explained 68.01% of the
total variation between genotypes. Additionally, PC1 separated high-yielding genotypes from low-yielding
suggests the studied moderns are high-yielding than locals for coastal regions. These insights might help
turther rice breeding programs to develop a suitable variety for coastal regions.
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Introduction supplies approximately 27% of essential nutrients and
20% protein intake in developing regions (Sikirou
R}ce (Oryza sativa L.) is the main food crop ez al, 2024; Kennedy ez al., 2002). In Bangladesh,

or over half of the world’s population, which approximately 38.14 million metric tons of rice
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are produced annually, cultivated on nearly 28.89
million acres of land. This makes rice the most
important food crop, accounting for 95% of all
cereals consumed in the country (BBS, 2022). It is
responsible for 50% of the total agricultural income
and 60% of the national revenue (BBS, 2018). The
production of rice is expected to increase a factor
tour by the year 2050 to meet hunger of this rapidly
expanding global population (Fischer ez al., 2009).
Bangladesh’s population is expected to hit 215.4
million by 2050, with corresponds to a demand of
44.6 million tons rice (Kabir ez al., 2015). Therefore,
adequate rice production is crucial to ensure food
security in Bangladesh. Indeed, the concept of ‘rice
security’is equivalent to ‘food security’in Bangladesh,
as it is in main rice-growing nations (Brolley, 2015).
Enhancing the production of rice is poised to become
a significant challenge in coming years owing to
the burgeoning global population and escalating
demand for worldwide rice production (Mata ez al.,

2023; Rahman and Connor, 2022).

In this situation, soil characteristics of coastal regions
pose a significant threat to crop production where
salinity is predominant. Soil salinity is a major
environmental stressor worldwide, impacting more
than 77 million hectares or 5% of the arable land
(Yang e al., 2004). The coastal region of Bangladesh
covers an area of around 29,000 km?, which is about
20% of the country’s total land area. Additionally,
more than 30% of the arable land in Bangladesh is
located along the coast (Haque, 2006). Elevated
levels of sodium chloride (NaCl) in these regions
induced salinity stress, mainly by inhibiting osmosis
and causing toxicity due to excessive ions (Sarma ez
al., 2023; Parida and Das, 2005). This stress hampers
the process of crop photosynthesis, resulting in to
decrease production and to have a substantial effect
on storage, composition, and physical properties of
starch in cereals (Sarma ez al., 2023; Parida and Das,
2005). Rice is given priority for improvement on
such soils due to the negative influence of salts on
numerous components, such as stand establishment,
leaf area index, panicle and tiller number, spikelets,
floret sterility, heading time, and individual grain
size (Xu ez al., 2024; Meng et al., 2021). Majority of
rice cultivars have a threshold electrical conductivity
(EC) of 3 dS/m, making them sensitive to salinity
stress. Salinity of most coastal regions ranges from
4 to 16 dS/m, and this variation in soil salinity
levels depends on the season and location of rivers

entering the basin from North and the Bay of Bengal
(Dasgupta ez al., 2018). Being moderately salt-
sensitive to salt resistance, rice exhibits a complex
reaction to salinity stress that differs depending on
species, stage of growth and development, and length
of stress duration. Due to its adverse effects, rice yield
potentially decreases 50% (Lokeshkumar ez al., 2023;
Bray ez al., 2000). An estimation made by Dasgupta
et al. (2018) indicated that yield of high-yielding rice
variety (HYV) was notably reduced 15.6% in coastal

regions having soil salt levels 4 dS/m.

To meet the rising food requirements of a growing
population,itiscrucial to developrice genotype thatcan
tolerate high levels of salt. By utilizing a combination
of conventional and modern breeding methods, it is
possible to improve rice production to fulfil world
demand (Lu e£ al.,2020; Khush, 2005). To understand
it, it is crucial to thoroughly examine phenotypic
variation present in exotic and native germplasms. to
investigate this diversity, it is possible to speed up the
process of rice development by identifying new genes.
Morphological traits are crucial for assessing genetic
variability and trait associations in rice, particularly
for developing varieties suited to coastal regions. In
saline environments, where salt stress hampers growth
and yield, correlation and multivariate analyses
have been widely used to identify stress-tolerant
genotypes (Megloire, 2005). Previous studies have
shown the value of screening rice varieties, including
local and modern cultivars, for stress tolerance using
morphological evaluations (Pranaya ez al, 2024
Muntha ez al, 2024; Lokeshkumar ef al., 2023;
Chowdhury ez al., 2023). However, the performance
of rice varieties on saline soils varies significantly.
Local varieties, in particular, possess unique traits,
including salt tolerance and adaptability, that are less
common in modern high-yielding varieties (Sogir
et al., 2024). This lack of integration has limited the
discovery of gene combinations that enhance salinity
tolerance. While studies have focused on either
local or modern varieties, few have explored their
combined potential in saline soils. This presents a
missed opportunity to harness the genetic variability
of local varieties alongside the yield advantages of
modern lines. Therefore, the present study aims to
evaluate both local and modern rice genotypes in the
coastal region of Noakhali, Bangladesh, where soil
electrical conductivity (EC) ranges from 4 to 8 dS/m
(Dasgupta et al., 2018; Ahmed ez al., 2024; Das et al.,
2024). By utilizing morphological traits, this research
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seeks to establish an effective foundation for selection
and breeding programs, ultimately generating rice
varieties better suited to saline soils.

Materials and Methods

Experimental site

The study was carried out in 2023 to assess the
performance of rice genotypes during the Aman
season (July to December, 2023) at Noakhali Science
and Technology University’s Agricultural Experiment
Farm which belongs to the Young Maghna
estuary flood plain (AEZ-18) in Bangladesh. The
geographical area is distinguished by its medium-
depth sandy loam-textured soil, which is moderately
alkaline and predisposed to salinity with a pH of
7.5 and EC 4.32 dS/m. It demonstrates moderate
fertility but contains low organic matter, with a soil
nitrogen content of 0.09%. The area experiences an
average annual temperature of 25.6 °C and receives
approximately 3,302 mm of annual rainfall.

Experimental design and planting material

Three replications of the RCBD were used in this
experiment. Planting materials included six local
genotypes (Rajashail dhan, Tulshimala, Birui, Hail
dhan,Swarnaand Lal paika) and four modern genotypes
(BRRI dhan-34, BRRI dhan-52, BRRI dhan-100 and

Binadhan-10). Seeds of these varieties were collected
from diversified sources around Noakhali, Bangladesh.
The sources of collection and key characteristics of
these genotypes are given in Table 1.

Seed treatment and seedbed preparation

After collection, seeds were sun-dried for one day and
stored at room temperature. Seeds were subsequently
immersed in water for 24 hours, placed within moist
gunny bags, and left to sprout for approximately
thirty hours. The sprouted seeds of genotypes were
evenly distributed in a well-prepared nursery bed.
Proper precautions were taken to protect seeds in
the nursery-bed and ensured the cultivation growth

of healthy seedlings for 30 days.

Land preparation and fertilizer

To prepare the land, it was initially tilled with a
tiller, followed by ploughing and levelled. After
removing residues from field, the plots were laid out
according to design specifications. Three days prior
to transplanting, field received broadcast applications
of triple super phosphate (T'SP), muriate of potash
(MOP), and gypsum at the rate specified in Table 2.
Urea was applied in three equal doses as top dressing
at 15, 30, and 45 days after transplanting. Chelated
zinc was also applied to the plants at 25 and 50 days
after transplanting meeting their zinc requirements.

Table 1: Selected genotypes with their key features and sources of collection.

Main features
Modern varieties

BRRI dhan34

Aromatic and heat-sensitive cultivar

Sources of collection

Bangladesh Rice Research Institute (BRRI), Regional Sstation,

Sonagazi, Feni

BRRI dhan52  Flood-tolerant (12-14 days), clean rice

medium slender, Aman cultivar

BRRI dhan100 Zinc-enriched, high-yielding, medium-

slim grain, irrigated ecosystem

Binadhan-10

Early maturing, salt-tolerant variety

BRRI, Regional-Station, Sonagazi, Feni.
BRRI, Regional-Station, Sonagazi, Feni.

Bangladesh Institute of Nuclear Agriculture, Subarnachar, Noakhali.

Farmers of Noakhali sadar, Noakhali.
Bangladesh Institute of Research and Training on Applied Nutri-

tion (BIRTAN), Subarnachar, Noakhali.

Local varieties
Rajashail dhan  Indigenous, saline and flood-tolerant.
Tulshimala Photosensitive Aman rice variety
Birui Indigenous and most prevalent
Lal Paika
drought-tolerant, nutrient-dense, adaptable
to diverse environments
Hail dhan
pur, Chandpur) in Aman
Swarna Indian cultivar, popular in the northern

region.

BIRTAN, Subarnachar, Noakhali
red grains, high fibre, rich in antioxidants, BIRTAN, Subarnachar, Noakhali

Popular coastal regions (Noakhali, Laxmi- Farmers of Companyganj, Noakhali.

Farmers of Subarnachar, Noakhali.
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Table 2: Fertilizer dosage used for this experiment.

Fertilizer Dose/Ha
Urea 200 kg
TSP 100 kg
MOP 70kg
Gypsum 60 kg

Data collection and parameters

Nine parameters (i.e., days to maturity (DM), plant
height (PH), panicle length (PL), number of tillers
per plant (N'T), number of effective tillers per plant
(NET), number of grains per hill (NG), number of
unfilled grains per hill (NUG), 1000-grain weight
(1000GW), and Yield) were recorded from ten
randomly selected plants within each plot. PH and
PL were measured using a measuring tape, while
number of tillers and grains (both filled and unfilled)
were manually counted. The 1000GW weight was
ascertained after drying collected grains from each
plot. Subsequently, the grain yield per plot was

quantified and converted to ton/ha.

Data analysis

Data on yield-related numerical features were
analyzed using MINITAB 17 statistical software
(Minitab Inc., State College, Pennsylvania, USA)
and R studio version 4.3.0. Analyses of variance
(ANOVA) and Tukey’s test were conducted using
MINITAB 17 following the application of the
general linear model (GLM) to identify significant
differences between genotypes for the studied traits.
Additionally, correlation analysis and principal
component analysis were also performed using R
Studio to examine associations among traits.

Results and Discussion
Analysis of variance

The analysis of variance (ANOVA) results for the
growth and yield contributing traits, including days

to maturity (DM), plant height (PH), panicle length
(PL), number of tillers per plant (N'T), number of
effective tillers per plant (NET), number of grains per
hill (NG), number of unfilled grains per hill (NUG),
1000-grain weight (1000GW), and yield, revealed
a highly significant (p < 0.001) variation among the
genotypes (Table 3).

Mean performance of nine different traits of rice genotypes
The mean performance of eight studied traits of
all genotypes is presented in Table 4 and their
distribution is illustrated in Figures 1 and 2. In this
study, days to maturity showed significant variation
among genotypes in coastal region. BRRI dhan100
exhibited the maximum days to maturity (148 days),
while Rajashail expressed the minimum (122.33 d) to
reach maturity (Table 4, Figure 1a).
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Figure 1: Boxplots illustrating the distribution of (a) Days of
maturity, (b) Plant height, (c) Number of tillers per plant, (d)
Number of effective tillers per plant values. The blue points are
mean values, and the horizontal lines dividing the box represent the
medians. The lower and upper box boundaries, as well as the lower and
higher whiskers, reflect the Q1 (25 percentile), Q3 (75 percentile)
and Interquartile Range expressing middle 50% scores. Note: G1
(BRRI dhan34), G2 (BRRI dhan52), G3 (BRRI dhan100), G4
(Binadhan-10), G5 (Swarna), G6 (Tulshimala), G7 (Rajashail),

G8 (Birui), G9 (Hail dban), G10 (Lal paika).

Table 3: Analysis of variance (mean square) for different growth and yield contributing traits of ten rice genotypes.

Source of variation =~ DM PH NT NET PL NG NUG 1000GW Yield
Genotype 157.61°*  1020.75**  28.042™* 22.07"* 11.53** 5820.23"* 101.92"* 92.57**  5.52™*
Replication 8.23 0.16 5.95 3.43 1.82 171.86 3.80 0.36 0.093
Error 2.048 5.84 2.88 0.90 0.62 74.16 3.24 0.81 0.021

Notes: **Significance at P<0.001; DM = days of maturity, PH = plant height, DM = plant height, NT =number of tillers per plant, NET =
number of effective tillers per plant PL = length of panicle, NG = no. of grains per hill, NUG = no. of unfilled grains per hill, 1000GW= 1000

grains weight.
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Table 4: Mean performance of nine different traits of ten rice genotypes.

Genotypes DM PH NT NET PL NG NUG 1000GW Yield
BRRI Dhan52 144.66AB 110.83E 186 A 16.43 A 241BC 188.73A-C 13.46 DE 41DE 5.033A
BRRI dhan100 148A 101.66 F 174 AB  15.69 AB 23.06A 156D 9.46EF 354GH 4.23B
BRRI dhan34 137.3D 133C 16A-E 14.33 ABC 26.82 A 200.66AB 18.13B-D 38FG 4.03 BC
Sarna 139.33D 121D 12.86 B-D 12.26 CD 26.6 ABC 175.96B-D 21A-C 4433C 3.9BC
Tulshimala 139.66D 15166 A 11D 9E 2458 C  124.33E 13.33 DE 33.56H 1.42F
Binadhan-10  132.33E  102.33F  20.6A 171 A 23.05 AB 205.33A°  13DE 43CD 5.23A
Rajashail 122.33F 125D 16.86 AB 11.7C-E  25.67 A-C 89.26F 25.13A 47.56B  3.27D
Birui 144.33A-C 150.33 A 16.66 A-E 13.33 BC 25.17D 116.86E  6.33F 52A 3.77C
Hail Dhan 141BCD 13833 BC 11.66 C-E 9.93DE  20.16 A-C 87.13 F 16.33CD 42.83CD 143 F
Lal Paika 140.33CD 141B 16A-C 11.93CD 2454C 165.26CD 21.86AB  39EF 2.26E
SEM 2.29 5.83 0.79 0.59 0.62 13.49 1.84 4.22 0.43
Cv 0.05 0.14 0.16 0.15 0.08 0.29 0.37 0.38 0.42

Notes: DM = days of maturity, PH = plant height, DM = plant height, NT =number of tillers per plant, NET = number of effective tillers
per plant PL = length of panicle, NG = no. of grains per hill, NUG - no. of unfilled grains per hill, 1000GW= 1000 grains weight.

Plant height (cm) also exhibited significant variations,
ranging from 101.66 cm to 151.66 cm (Table 4, Figure
1b). The local cultivar Tulshimala was the tallest
(151.66 cm), whereas BRRI dhan100 was the shortest
(101.66 cm). Regarding tiller number, Binadhan-10
had the maximum (20.6), whereas local variety
(Tulshimala) was the lowest (11) (Table 4, Figure
1c). The maximum NET was found in Binadhan-10
(17.1), while the minimum in Tulshimala (9) (Table 4,
Figure 1d). PL showed significant variation, ranging
from 20.16 cm to 26.82 cm. The highest PL was
observed in BRRI dhan34 (26.82 cm), and lowest in
Hail dhan (Table 4, Figure 2e).

The number of grains per hill varied from 87.13 to
205.33 (Table 4, Figure 2f). Binadhan-10 had the
highest NG, followed by BRRI dhan34,BRRI dhan52,
Swarna, Lal Paika, BRRI dhan100, Tulshimala, Birui,
Rajashail, and Hail dhan, respectively. Among these,
local cultivar Rajashail had the maximum number of
unfilled grains (25.13), whereas, minimum was found
in Birui (6.33) (Table 4, Figure 2g). The genotypes
also showed significant variation in 1000-GW,
ranging from 33.56 g to 52 g. Birui had the maximum
1000 GW, while Tulshimala had the lowest (Table 4).

Considering yield, the modern variety Binadhan-10
(5.23 t/ha) yielded the maximum, followed by BRRI
dhan52 (5.033 t/ha), BRRI dhan100 (4.23 t/ha),
BRRI dhan34 (4.03 t/ha), Swarna (3.9 t/ha), Birui
(3.77 t/ha), Rajashail (3.27 t/ha), Lal Paika (2.26 t/
ha), Hail dhan (1.43 t/ha), and Tulshimala (1.42 t/
ha), respectively (Table 4, Figure 2h).
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Figure 2: Boxplots illustrating the distribution of (e) Length of
panicle, () No. of grains per hill, (g) No. of unfilled grains per hill,
(h) yield values. The blue points are mean values, and the horizontal
lines dividing the box represent the medians. The lower and upper
box boundaries, as well as the lower and higher whiskers, reflect the
Q1 (25th percentile), Q3 (75th percentile) and Interquartile Range
expressing middle 50% scores. Note: G1 (BRRI dhan34), G2 (BRRI
dhan52), G3 (BRRI dhan100), G4 (Binadhan-10), G5 (Swarna),
G6 (Tulshimala), G7 (Rajashail), G8 (Birui), G9 (Hail dhan),

GI10 (Lal paika).

Correlation studies

Pearson correlation coeflicients between all yield
and yield-attributing morphological traits are shown
in Figure 3. In the study, out of 36 associations, 10
significantly correlated associations were found. Yield
showed a significant positive correlation with NET

(p < 0.001), as well as positive correlations with N'T
(p < 0.01) and NG (p < 0.05). Conversely, yield had
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a negative correlation with PH (p < 0.05). NET was
positively associated with NT (p < 0.001) and NG
(p < 0.05). Additionally, PH also had in negative
correlation with NET at p < 0.01 but with NT and
PL at p < 0.05 (Figure 3).

Principal component analysis

Principal component analysis (PCA) was applied
to analyze the experimental dataset comprising ten
rice cultivars for 9 parameters, aiming to reduce data
dimensionality and explore relationships among
measured traits (Figure 4). The results of PCA
indicated that first three principal components (PCs)
with eigenvalues exceeding 1 explained 86.33% of
total variance (Figure 4b). Notably, first two PCs,
which collectively explained 68.01% of variance, were
used to construct a PCA biplot (Figure 4a). PC1,
contributing 46.8% total variability, was primarily
associated with traits such as NET, Yield, PH, NT,
NG, PL, and NUG (Figure 4a, ¢). PC2 explained an
additional 21.2% of variability and predominantly
linked with NUG, DM, PL, PH, NET, Yield, and
1000-GW (Figure 4a, d). Interestingly, PC1 notably
separated high-yielding genotypes GO01, G02, GO3,
and G04 from the low-yielding genotypes G06, G09,

and G10 (Figure 4a).
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Figure 3: Correlation analysis among the studied parameters. DM=
Days of maturity; PH= Plant height; NT = number of tillers per
plant; NET= number of effective tillers per plant; PL= length of
panicle; NG= no. of grains per hill; NUG= no. of unfilled grains per
hill; 1000GW= 1000 grains weight.
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Figure 4: (a) Principal component analysis of all the studied traits among the 10 genotypes. (b) The proportion of the dimensions (PCs).
(¢) Contribution of traits in dim-1. (d) Contribution of traits in dim-2. Note: G1 (BRRI dhan34), G2 (BRRI dhan52), G3 (BRRI
dhan100), G4 (Binadhan-10), G5 (Swarna), G6 (Tulshimala), G7 (Rajashail), G8 (Birui), G9 (Hail dhan), G10 (Lal paika). DM = days
of maturity; PH = plant height; DM = plant height; NT =number of tillers per plant; NET = number of effective tillers per plant; PL = length
of panicle; NG = no. of grains per hill; NUG - no. of unfilled grains per hill; 1000GW= 1000 grains weight.
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Analysis of variance

The ANOVA performed on ten rice genotypes across
nine quantitative traits revealed significant differences
(P < 0.001) for all traits assessed (Table 3). This
indicates substantial variability among the genotypes,
suggesting that each genotype possesses unique
genetic traits that contribute to their performance. This
variability presents rice breeders with the opportunity
to select and combine genotypes with desirable
traits through selective breeding and hybridization.
Such approaches can enhance the suitability of rice
varieties for saline soils in coastal regions, ultimately
improving crop resilience and yield in challenging
environments (Chowdhury ez a/.,2023; Hannan ez a/.,
2020; Osundare ef al., 2017).

Mean performance of eight different traits of 8 rice
genotypes

The mean performance of all the studied traits
showed a significant amount of variability among
the genotypes, enhancing potential for selection
in breeding programs. The mean performance
of genotypes plays a crucial role in determining
genotypic diversity (Igbal ez al, 2018). Developing
early-maturing rice varieties is a critical research
priority for sustainable rice production in the
salt-affected coastal regions of Bangladesh. These
varieties are crucial for protecting rice cultivation
from prolonged salinity exposure. Additionally, plant
growth and maturity phases significantly impact
rice production. In this study, Rajashail emerged
as an early-maturing variety, maturing 10 to 25
days earlier than the modern varieties, indicating
its potential to avoid prolonged saline conditions.
Other researchers have reported similar variations in
days to maturity among their studied rice genotypes
(Sabouri ez al., 2008). The early maturity of Rajashail
aligns with the goal of selecting varieties suitable for
short-season environments where salinity is a major
concern. Plant height is an important crop growth
characteristic as it influences yield-contributing
traits and impacts grain production (Sandhu ez 4/,
2019). In rice breeding, height is significant due to
its connection with effective carbon assimilation.
Breeding programs typically prefer shorter plants
since tall, thin-stemmed plants often have lower
yield potential and are more susceptible to lodging
(Ni et al., 2000; Luz et al., 2016). However, taller
plants with thicker stems should not be overlooked.
In this study, shorter plants were associated with

higher yields (Figure 3). Among all the genotypes,

the modern cultivar BRRI dhan100 was the shortest.
'This finding supports the trend in modern breeding,
where semi-dwarf varieties like BRRI dhan100
are selected for their higher yield and resilience to
lodging, making them ideal for intensive farming
systems. The number of tillers, especially effective
tillers, is crucial in rice breeding. Effective tillers,
being panicle-bearing, significantly contribute to the
final yield. The study observed significant variability
in the number of effective tillers (NET) among the
genotypes. All the modern cultivars (Binadhan-10,
BRRI dhan34, BRRI dhan52, and BRRI dhan100)
had comparatively more effective tillers than the local
cultivars. These findings align as well as contradict
in some extent with previous researchers (Hannan
et al., 2020; Chowdhury ez al., 2023). Higher NET
among modern cultivars suggests enhanced resource
use efficiency, while local varieties may exhibit lower
tillering capacity, limiting their yield potential under
improved management practices. Panicle length
serves as a crucial trait in yield-related research for
rice breeders, as longer panicles with higher numbers
of filled grains typically correlate with increased yield
potential. Previous studies have consistently shown
that rice yield is influenced significantly by factors
such as panicle density per unit area, the proportion
of filled grains per panicle, and the weight of 1000
grains (Garcia ez al., 2015). In this study, the modern
genotype BRRI dhan34 exhibited longer panicles
compared to other genotypes. Although, except for
the local variety Hail dhan, the other genotypes had
panicle lengths similar to BRRI dhan34.

One of the most critical factors influencing yield is the
number of grains per panicle, with fully viable grains
directly enhancing rice yield (Xu ez a/., 2024; Gravois
and McNew, 1993). However, a higher number of
unfilled grains can reduce the overall yield in rice
plants. Therefore, selecting a higher number of filled
grains and minimizing the number of unfilled grains
is essential in rice breeding. In this study, significant
variation was observed in these traits, indicating
that the modern varieties performed better in both
parameters compared to other genotypes. The modern
varieties demonstrated a higher proportion of filled
grains, highlighting their improved sink capacity
and better grain filling, which is crucial for achieving
higher grain yield in competitive environments.
Like other yield-contributing traits, the 1000-seed
weight (1000-GW) is a crucial factor associated with
higher yield per plant. Our current research findings
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indicate a significant variation in 1000-GW, ranging
from 33.56 g to 52 g. Grain yield is the ultimate goal
for plant breeders, with rice breeders focusing on
developing high-yielding cultivars that consistently
perform well (Igbal ez 4., 2018). This study identified
notable yield wvariation among the genotypes,
emphasizing that the modern variety Binadhan-10
exhibited the highest yield with 5.23 tons/ha among
those examined, with other modern varieties also
performing commendably. Overall, modern varieties
showed superior yield compared to local cultivars.
Other researchers also found significant diversity in
agro-morphological traits across their studied rice
genotypes (Worede ez al., 2014; Shrestha e al., 2021,
Zahid et al., 2005). This suggests that breeding efforts
focused on modern cultivars are yielding tangible
results in terms of productivity, but local varieties
still have niche advantages in specific environmental
conditions, particularly in stress management.

Correlation analysis

In crop breeding, the primary objective is to boost
yield while considering other factors affecting crop
growth. Since yield is determined by various genetic
factors, solely focusing on it for selection may not be
reliable. Correlation analyses shed light on genetic
patterns and relationships among plant traits, aiding
in the selection of traits for yield enhancement.
'Therefore, understanding the direction and strength
of relationships between yield and related traits is
crucial for making informed decisions in breeding
programs (Jayasudha and Sharama, 2010; Ratna ez
al., 2015). Yield exhibited strong positive correlations
with the number of effective tillers, number of tillers,
and number of grains. Similarly, previous studies by
Chowdhury ez a/. (2023) and Hannan ez a/. (2020)
also reported positive relationships between these
traits and yield, as they collectively influence overall
yield. It is commonly observed in cereal plants that
semi-dwarf varieties tend to have higher yields than
taller ones (Luz ez al., 2016), a pattern reflected in
our findings with a negative relationship between
yield and plant height. Consistently, plant height also
showed negative associations with NT) NET, and NG.
Understanding these trait associations will provide
valuable insights for plant breeders in optimizing
breeding schemes and managing rice germplasm
effectively.

Principle component analysis

PCA, a multivariate technique, simplifies

complex data into principal components, helping
researchers understand trait combinations and
genetic relationships among crop varieties (Abdi
and Williams, 2010). It aids in identifying trait
combinations, assessing morphological variation,
and establishing genetic relationships among crop
germplasm. Essentially, it’s like finding the key factors
that shape a crop’s characteristics. Higher coeflicients
in the analysis suggest traits that strongly influence
crop distinctions (Sanni ez /., 2012). In this study, the
first two PCs explained most of the variance (68.01%).
PC1 contributed 46.8% of the variance, mainly driven
by traits such as NET, yield, PH, N'T, and NG. PC2
explained 21.2% of the variance, primarily associated
with NUG, DM, and PL. These two PCs captured
most of the variability observed in rice germplasm
collections, consistent with findings by Maji and
Shaibu (2012). Furthermore, PC1 divided the
genotypes into two groups based on their yield, with
GO01, G02, GO3 and G04 exhibiting high yields and
G06,G09,and G10 displaying low yields. Notably, all
the high-yielding genotypes were modern varieties,
while the low-yielding ones were from local varieties.

Conclusions and Recommendations

Developing rice varieties resilient to coastal conditions
is crucial due to the adverse effects of soil salinity.
This study conducted a comprehensive evaluation
of ten prominent rice genotypes in Bangladesh’s
coastal regions, identifying significant morphological
variability across all examined traits. Notably, Rajashail
emerged as the earliest maturing genotype, while
BRRI dhan100 and Binadhan-10 exhibited shorter
plant heights. Among the evaluated genotypes,
Binadhan-10 was identified as the highest-yielding
variety, with all modern varieties outperforming local
genotypes. The correlation study provided valuable
insights, revealing a positive association between
yield and the number of tillers, effective tillers, and
grains, while indicating a negative correlation with
plant height. Additionally, the principal component
analysis (PCA) offered significant insights for future
breeding programs. For effective crop improvement in
coastal regions, breeders should prioritize Rajashail,
BRRI dhan100, and Binadhan-10, focusing on
enhancing traits such as the number of effective
tillers and grains, alongside selecting for shorter
plant heights. As a recommendation for farmers
in Noakhali, Bangladesh, cultivating modern rice
varieties particularly Binadhan-10 during the Aman
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season is advised to achieve higher yields and improve
resilience in saline soils.
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