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Characterizing CRCIL-464 Rice Diversity
Panel for Using as Multi-Trait Genetic
Resources for Breeding Climate-Resilient
Varieties Pertaining to Salinity, Flood, and

Cold Stress Tolerance

M S Rahman'’, A A Shoily!, J Jannaty', A Rahman?,
M S Pervin! and K M Iftekharuddaula®

ABSTRACT

Rice (Oryza sativa L.) is highly vulnerable to abiotic stresses, particularly in climate-sensitive
countries such as Bangladesh, where salinity, submergence, and cold pose major threats to
sustainable production. To identify genetic resources for climate-resilient breeding, a multi-trait
diversity panel of 464 rice genotypes (CRCIL-464), comprising advanced breeding lines, released
varieties, and diverse germplasm, was evaluated for tolerance to these stresses. Salinity screening at
the seedling stage using hydroponics identified 32 tolerant and 25 moderately tolerant genotypes
based on SES scores, with selected lines further evaluated under soil-based reproductive-stage
salinity. Three genotypes (BR11715-4R-13, BR11921-4R-100, and BR12567-5R-91) outperformed
the tolerant check IR58443 in grain yield, though yield reductions highlighted differential tolerance
mechanisms between stages. Submergence screening revealed wide variability in recovery and
survivability, with one genotype (IR14T156) showing complete survival (100%), although most
entries were highly sensitive. Cold stress assessment at the seedling stage identified 12 genotypes
with partial recovery, and two lines (SVIN 297 and IRRI154-Hd9+Pi9) displayed the highest
survivability (83.3%). Collectively, the CRCIL-464 panel demonstrated substantial genetic
variation across multiple stresses. The identified tolerant lines represent promising candidates for
incorporation into BRRI’s breeding program to develop multi-stress-tolerant rice varieties, thereby
enhancing resilience and securing rice production under climate change.

Keywords: Rice, abiotic stress tolerance, salinity, submergence, climate-resilient breeding,
multi-trait screening.

INTRODUCTION

Rice (Oryza sativa L.), a member of the Poaceae 2005). Despite its resilience, rice productivity is

family, is one of the most important staple foods
worldwide, supplying dietary energy for more
than half of the global population, particularly in
Asia, Africa, and Latin America (Fitzgerald et
al., 2009). Its remarkable adaptability across
diverse ecosystems-including flooded lowlands,
irrigated fields, and upland systems-highlights
its central role in global food security (Khush,

increasingly threatened by abiotic stresses such
as drought, salinity, extreme temperatures, and
flooding. These environmental constraints not
only reduce grain yield but also deteriorate grain
quality, with particularly severe impacts in
regions experiencing rapid and unpredictable
climate change (Zhu, 2016).

A multi-trait diversity panel is a collection of

'Plant Physiology, Division, BRRI, Gazipur and “Plant Breeding Division, BRRI, Gazipur
Corresponding author’s E-mail: sazzadur.phys@brri.gov.bd (M S Rahman)
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rice genetic resources characterized by a wide
range of inherited traits. These panels are
designed to maximize genetic variation,
enabling the study and simultaneous selection of
multiple traits within a single population. They
provide researchers with valuable insights into
the genetic basis of important traits and support
efforts to enhance adaptation to environmental
challenges. The CRCIL-464 panel was
developed to capture a broad spectrum of
genetic diversity. Once trait variation and
genetic diversity are well understood, breeders
can apply strategies such as selection indices to
simultaneously select multiple traits and
improve breeding populations. In this context,
the panel was characterized for three major
abiotic  stress tolerance traits:  salinity,
submergence, and cold tolerance.

Salinity poses one of the greatest threats to rice
cultivation. Salt accumulation in soils interferes
with water and nutrient absorption, resulting in
reduced germination, impaired seedling growth,
stunted plant development, poor tillering, and
lower yields (Munns & Tester, 2008). While
improved soil and water management practices
have been introduced to mitigate salinity effects
(Singh et al., 2018), genetic improvement
through the development of salt-tolerant rice
varieties remains essential for sustainable crop
production. Salinization is the accumulation of
water-soluble salts in the soil to a level that
impacts on agricultural production. Soil is
considered saline if the electrical conductivity of
its saturation extract (ECe) is above 4 dSm-1
(USDA-ARS, 2008), which is equivalent to
approximately 40mM NaCl and generates an
osmotic pressure of approximately 0.2 MPa.
This definition of salinity derives from the ECe
that significantly reduces the yield of most crops
(Munns and Tester, 2008). Loss of arable land
via salinization is a major factor undermining
the productivity of modern agricultural systems
(Galvani, 2007). Salinization of agricultural
soils occurs primarily due to agricultural
practices, including poor water management,
high evaporation, heavy irrigation and previous
exposure to sea water (Pitman and Lauchli,
2002).
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In Bangladesh, more than 30% of the cultivable
land is in the coastal areas. Soil salinity has
mainly formed from sea water flooding or
capillary rise from shallow ground water close
to the coast. Soil Resource Development
Institute (SRDI) has temporal and spatial data on
regular monitoring of soil and water salinity
since 1989 besides reconnaissance survey data
of 1973. It was estimated in 1973 and 2009 that
the area coverage of soils with different degrees
of salinity is about 0.833 and 1.056 million
hectares respectively. Total spatial increase of
saline area was about ~26% in 2009 over 1973
(SRDIL, 2010).

Defining salt tolerance of rice is very difficult
because of the complex nature of salt stress and
the wide range of plant responses. Rice
responses to salinity also vary in different
growth stages. Seedling and flowering stages of
rice are more likely to be affected by salinity,
with reduction in seedling growth and yield.
Tolerance during seedling stage seems to
correlate  poorly with tolerance during
reproduction, suggesting different sets of traits
are probably involved at each stage (Moradi et
al., 2003). Reproductive stage is another
developmental stage when rice is sensitive to
salinity stress, more specifically this stage is the
booting stage (7-10 days before and after
booting stage) (Singh and Flowers, 2010). The
reproductive stage is crucial as it ultimately
determines grain yield, but the importance of the
seedling stage cannot be underestimated as it
determines crop establishment. There are few
studies that address the effects of salinity on
yield. Most research has been limited to the
seedling or early vegetative stages or only
reports parameters such as fresh or dry weight
although the ultimate aim has been to increase
grain yield with limited resources (Moradi and
Ismail, 2007; Cheng et al., 2008; Jain et al.,
2008; Zang et al., 2008). Hence, to know the
response of the rice plant to salinity as a whole,
it is imperative that the effects be observed in all
the various stages of its development, that is at
early seedling, vegetative and reproductive
stages (Gregorio ef al., 1997).

Flooding is another major constraint in



rice-growing regions, especially in
monsoon-prone areas of South and Southeast
Asia. Although rice has greater inherent
tolerance to waterlogging compared to other
cereals, extended periods of submergence can
cause oxygen deprivation, reduce
photosynthesis, and delay crop maturity
(Bailey-Serres et al., 2010). Breeding progress
has been made through the incorporation of the
Subl gene into high-yielding varieties,
conferring enhanced survival under flash
flooding (Xu et al., 2006). However, the need
for broader submergence tolerance and
post-flood recovery traits remains a pressing
challenge in breeding programs. Submergence is
one of the main obstacles to growing rice,
particularly during years and in regions with
considerable precipitation. More than sixteen
percent of rice fields worldwide are susceptible
to flooding. (Mackill et al., 1996., Setter ef al.,
1997). Rice farming in rainfed lowlands of south
and south-east Asia is sometimes hampered by
flash floods, which submerge the plants
completely in water for roughly two weeks.
(Septiningsih et al., 2009).

Cold stress, particularly at the seedling stage, is
also a critical barrier to rice establishment in
temperate and  high-altitude ecosystems.
Exposure to temperatures below 20°C adversely
affects root development, delays germination,
reduces seedling vigor, and lowers survival
rates, ultimately resulting in poor plant
establishment and yield losses (Sharma et al,
2012). Cold tolerance is particularly important
in the northern regions of Bangladesh and other
areas where early-season low temperatures limit
the success of direct-seeded and transplanted
rice. Reduced temperatures effects on rice crops
vary depending on the genetic makeup of
variety, developmental stage, exposure duration,
and cold intensity (Diaz et al., 2006., Sravan et
al., 2016). The most sensitive phase of low
temperature damage in rice is the booting stage,
followed by flowering (Matsuo et al., 1995).
Low temperatures during the booting and
flowering periods reduce plant growth,
significantly reduce spikelet fertility, and
increase vulnerability to disease (Zeng et al.,

2017). The extent to which fertility is reduced
varies by variety and the duration of exposure to
cold (Satake et al., 1983).

With the global population projected to surpass
9 billion by 2050, rice demand is expected to
increase by 70-85% (FAO, 2017; Ray et al.,
2013). Meeting this rising demand under climate
change requires the development of
climate-resilient cultivars that can withstand
multiple abiotic stresses. Recent advances in
molecular genetics, physiology, and adaptive
agronomy provide opportunities to accelerate
this process (Zhang et al., 2022). Against this
backdrop, the present study was designed to
evaluate a diverse panel of 464 rice genotypes
(CRCIL-464) for tolerance to salinity,
submergence, and cold at the seedling stage. The
findings aim to identify promising lines for use
in early-generation breeding programs in
Bangladesh, thereby contributing to the
development of climate-resilient rice varieties
capable of sustaining yields, reducing
environmental risks, and promoting food
security in stress-prone environments.

MATERIALS AND METHODS

A multi-trait rice diversity panel was formed in
the Plant Breeding Division of BRRI under the
USAID funded project Climate Resilient Cereal
Innovation Lab (CRCIL). The panel comprised
464 genotypes including advanced breeding
lines of BRRI and IRRI origin, released varieties
and important local and exotic germplasm (see
List of germplasm for CRCIL-464 multi-trait
diversity panel in supplementary file). The
following panel was evaluated independently
for three different abiotic stresses i.e. salinity,
submergence and cold including respective
standard tolerant and sensitive checks. The
investigations were carried out in Plant
Physiology Net house & cold-water tank and
submergence tank of the Plant Breeding
Division, BRRI, Gazipur, during T. Aman 2024
and Boro 2024-25 season.

Phenotypic characterization for
tolerance at seedling stage
Sprouted seeds of the CRCIL-464 panel, along

salinity

Characterizing CRCIL-464 3



with tolerant (IR58443) and sensitive (IRRI154)
checks including 12 BRRI’s salt tolerant HY Vs
were sown on a nylon net attached to a
Styrofoam  sheet, floating on Yoshida’s
full-strength culture solution, as described by
Gregorio et al. (1997). The experiment followed
an RCB design with two replications.
Application of salt stress started at 18 days after
sowing with a level of EC 6 dS/m and increased
by 2 dS/m each day until reaching a maximum

of 12 dS/m. The Yoshida solution was replaced
weekly throughout the experiment. The pH and
electrical conductivity (EC) of the solution were
monitored daily and maintained at 5.0 and 12
dS/m, respectively. Two weeks after stress
application, progenies were scored through the
SES scale (IRRI, 2013) for classification
according to their overall tolerance based on leaf
damage symptoms (Table 1).

Table 1. The Standard Evaluation System for rice for salinity scoring at seedling stage (IRRI, 2013).
Score Observation Remarks
1 Normal growth, no leaf symptoms Highly tolerant
3 Nearly normal growth, but leaf tips or few leaves whitish and rolled Tolerant
5 Growth severely retarded; most leaves rolled; only a few are elongating ~ Moderately tolerant
7 Complete cessation of growth; most leaves dry; some plants drying Moderately sensitive
9 Almost all plants are dead or drying Sensitive
Phenotypic characterization for salinity Phenotypic characterization for submergence

tolerance at reproductive phase

A total of 34 seedling stage salinity tolerant
CRCIL-464 genotypes along with 2 checks were
evaluated for reproductive stage tolerance under
soil-based system. Sprouted seeds were sown in
puddled soil placed in perforated plastic pots,
which were then placed inside plastic bowls.
Each bowl contained six pots, consisting of four
test lines along with tolerant and sensitive
checks. Seedlings were grown in the perforated
pots for 21 days under tap water, submerging the
pots to the brim in a net house. Afterwards, the
tap water was replaced with saline water at 10
dS/m. The water level was maintained at the soil
surface by adding tap water daily. A separate set
without  salinity  served as  control.
BRRI-recommended cultural practices were
followed until maturity. Grain weights and other
yield component traits were measured and
recorded and analyzed.
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tolerance at vegetative phase

The CRCIL-464 panel germplasm, including
checks, were sown in a standard seedbed to raise
seedlings. Twenty-one-day-old seedlings from
cach entry were transplanted into the
submergence tank of the Plant Breeding
Division. Each entry consisted of 6 seedlings per
line, with two lines per entry, arranged
randomly. A single seedling was planted per hill
with a spacing of 20 cm x 20 cm. Fourteen days
after transplanting, the tank was filled with
normal tap water to a height of 1 meter above the
soil surface, ensuring complete submergence of
the plants. To replicate the turbidity of
floodwater in Bangladesh, muddy soil was
mixed into the tank water daily. Water quality
data recorded before and after creating turbidity.
Recovery and survivability scores were noted 7
days after recovery.



Phenotypic  characterization for cold
tolerance at seedling stage

All genotypes of the CRCIL-464 panel, along
with three check varieties (BRRI dhan28, BRRI
dhan36, and Hbj B-VI), were evaluated for
seedling-stage cold tolerance under artificial
conditions using cold-water tanks. Seeds were
sown in plastic trays (60 cm x 30 cm x 2.5 cm)

filled with granular soil and grown until the

three-leaf stage. The trays were then placed in
cold-water tanks maintained at a constant
temperature of 13 °C. After seven days of
cold-water treatment, seedlings were scored for
leaf discoloration using the SES scale (IRRI,
2013) (Table 2). Recovery and survival were
assessed one week after the removal of cold
stress.

Table 2. The Standard Evaluation System for rice for cold scoring at seedling stage (IRRI, 2013).
Score Observation Remarks
0-1 No damage to leaves, normal leaf color Strongly tolerant
2-3 Tip of leaves slightly dried, folded and light green Tolerant
4-5 Some seedlings moderately folded and wilted, 30-50%  Moderately tolerant
seedlings dried, pale green to yellowish leaves
6-7 Seedlings severely rolled and dried, reddish-brown leaves Sensitive
8-9 Most seedlings dead or drying Highly sensitive

Data analysis

Data from all experiments were organized using
Microsoft Excel. Stress response data under
three different abiotic stresses were analyzed
using  RStudio  (https://posit.co/download/
rstudio-desktop/) and the Statistical Tool for
Agricultural Research (STAR)
(http://bbi.irri.org). Graphical representations
were generated in RStudio.

RESULTS AND DISCUSSION

Bangladesh is widely recognized as one of the
country’s most vulnerable to climate change,
despite its minimal contribution to global
emissions. Rice, the country’s staple food crop,
is particularly sensitive to climatic variability.
Consequently, even slight changes in climate
increase the uncertainty of rice production, as
climate is a major driver of year-to-year
fluctuations in productivity. To ensure
sustainable rice production, the development of
climate-resilient varieties has become a central
objective of BRRI’s breeding program.

Salinity tolerance at seedling stage

The breeding successes observed for developing
existing salt tolerant varieties follows a
long-term goal to combine different traits
conferring salt tolerance into an elite
background. However, the development is not
straightforward because tolerance is controlled
by multiple loci or QTLs. Grouping of the
genotypes based on the inherent physiological
mechanism responsible for salinity tolerance,
inter-mating of the genotypes with high degree
of expression of the contrasting salinity
tolerance mechanism and identifying/screening
of the recombinants for pooling of the
mechanisms is being followed to enhance the
level of salt tolerance further.

At the seedling stage salinity tolerance under
hydroponics system the tested CRCIL-464
genotypes showed a multi-modal distribution
(Fig. 1) revealing the panel was not normal. Out
of the 464 genotypes tested, 32 entries with an
average SES score ranging from 3.0 to 4.4 were
classified as tolerant, while 25 entries with an

Characterizing CRCIL-464 5



average SES score ranging from 4.5 to 5.8 were ~ between 6 and 9, were classified as sensitive to
considered moderately tolerant (Table 3). The  highly sensitive.
remaining genotypes, which had visual scores

Histogram of SES with Density Curve

05
1

— Kermnel Density
== Normal Curve

04

Density

SES score

Fig. 1.  Histogram of SES with density curve represented distribution of tolerances at seedling stage under
salinity stress.

Table 3. List of tolerant and moderately tolerant germplasm identified at seedling stage
salinity at 12 dS/m.

SL Designation SES Salinity SL Designation SES  Salinity
class class
1 BR10604-5R-58 4.2 T 33 BRRIdhan33 4.8 MT
2 BRI11715-4R-13 3.6 T 34  IR96184-24-1-1-AJY2 4.6 MT
3 BRI11607-4R-184 44 T 35 BRI11920-4R-521 4.6 MT
4 BR12459-4R-49 4.0 T 36 IRI3F478-3 4.6 MT
5 BRI12459-4R-3 32 T 37  BRI11921-4R-100 5.0 MT
6  BRI12557-5R-80 (835) 3.8 T 38 BRI11894-R-R-R-R-329 5.0 MT
7  Pi21+Pbl (34) 44 T 39  BRI12899-4R-169 4.8 MT
8  BRI11723-4R-172 4.0 T 40 BRI13157-4R-174 4.6 MT
9 IRI127152-3-22-2-1B 44 T 41 BRI11714-4R-74 4.5 MT
10 BRRI dhan98 4.0 T 42 BR10212-4-3-1 4.8 MT

6 Rahman et al.



SL Designation SES Salinity SL Designation SES  Salinity
class class
11 BR13169-4R-307 3.8 T 43 SVIN 352 4.8 MT
12 IR14F550 43 T 44 BRRI dhan74 (Ck) 5.0 MT
13 BR9536-2-1-17 4.2 T 45  IRRI154-Pi9 5.0 MT
14 IR13F458 3.6 T 46  BR11940-4R-167 5.0 MT
15 IR13F478 32 T 47  BR12465-4R-223 52 MT
16  Acc.no. 1630 3.0 T 48  TP30649 4.5 MT
17 BR10490-1-2-3-87 4.1 T 49  BR12274-4R-46 4.8 MT
18 BR11887-5R-368 3.6 T 50 BR12423-6R-38 5.0 MT
19 BRI12459-4R-103 43 T 51 BRI13171-4R-207 4.6 MT
20  BRI12567-5R-91 34 T 52 IRI16F1019 5.0 MT
21 IR16F1148 (Ck) 3.8 T 53 Pokkali 5.0 MT
22  BRI12459-4R-214 3.5 T 54 IR87870-6-1-1-1-1-B 5.0 MT
23 IR14T156 3.8 T 55 BRI12096-4R-25 5.5 MT
24 1R100158-B-2-AJYI 3.6 T 56  IRRI154-Hd9+Pi9 4.6 MT
25 BRI12890-5R-32 4.0 T 57 IR64-Pi9 (E) 5.8 MT
26 IR16F1063 3.8 T T.ck IR58443 (Tolerant) 4.12 T
27 1R4630 4.3 T S. ck IRRI154 (Sensitive) 7.12 S
28  Acc. no. 234 4.2 T
29 BRI13169-4R-227 4.0 T
30 BRI11723-4R-322 3.6 T
31 BRI12902-4R-257 42 T
32 IR 127152-3-22-18-1-B 4.3 T

Based on the above scoring system the genotypes having average score <4.4 were treated as tolerant (T) and
average score 4.5-5.8 were treated as moderately tolerant (MT).

Understanding and manipulating physiological
processes related to salt tolerance is crucial for
breeding new salt-tolerant rice varieties. The
CRCIL-464 diversity core panel demonstrates
genetic variation based on SES scores. It is clear
from the results that all the materials showed
assorted responses to different salt stress
conditions. Among these rice genotypes, 32
lines were found to be tolerant, 25 moderately
tolerant, and the rest sensitive to highly
sensitive. This evaluation helps identify
promising rice varieties for  breeding
salt-tolerant cultivars.

Salinity tolerance at reproductive phase

A total of 35 seedling-stage salinity-tolerant
lines from the CRCIL panel, along with two
checks, were evaluated for reproductive-stage
tolerance under a soil-based system (Gregorio et
al., 1997). Among these, three genotypes
BR11715-4R-13,  BR11921-4R-100,  and
BR12567-5R-91 produced higher yields than
the tolerant check IR58443 (Table 4, Fig. 3). In
terms of yield reduction, only BR12557-57-
5R-80(835) exhibited less than 50% reduction.
The highest-yielding genotype under salinity,
BR11715-4R-13, showed a yield reduction of
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about 52%, which is close to the threshold for seedling-stage salinity stress, suggesting their
declaring tolerance under stress (Fig. 2). potential for release and use as whole-growth
Notably, two genotypes scored 3.8 and 3.6 under salinity-tolerant varieties.

Table 4. Phenotypes of selected seedling stage tolerant genotypes at the reproductive phase
under salinity stress @10 dS/m.

Genotype Plant Tiller Filled Spikelet Straw Growth
height No. Grain Fertility Weight duration
(cm) No. (%) (@ (@)
BR13171-4R-125 121.00 13.00  385.00 56.48 26.40 124.00
Acc. no. 1684 123.50 11.00  266.00 38.52 14.15 123.00
BR11303-5R-156 99.50 16.00  211.50 64.35 17.37 120.50
BR11715-4R-13 111.00 13.50  557.00 35.86 26.10 122.50
BR11921-4R-100 89.50 13.50  449.00 52.18 23.81 112.00
BR12459-4R-3 101.00 13.00  458.50 48.19 22.96 125.00
BR12557-57-5R-80(835) 104.50 7.50 324.50 40.76 14.00 124.00
IR17A1211 90.50 9.00 55.57 80.62 7.14 114.00
IR11723-4R-172 92.00 8.50 234.50 59.39 18.51 119.00
IR127152-3-33-2-1B 77.50 12.50 170.00 49.27 14.20 124.00
BRRI dhan98 96.50 11.50 111.00 76.77 24.74 118.00
BR13169-4R-307 105.00 15.00  522.50 31.62 16.81 124.50
BR9536-2-1-17 104.50 12.50  409.50 48.85 20.30 118.00
IR13F458 39.50 4.50 12.50 41.38 5.01 64.50
Acc. no. 1630 106.00 19.50  285.50 68.83 25.68 138.00
BR10490-1-2-3-87 90.00 11.00  256.50 65.58 24.58 125.00
BR11887-5R-368 98.00 10.00 84.50 70.22 23.20 114.50
BR12567-5R-91 89.50 13.00  486.00 26.50 20.52 114.50
IR16F1148 95.00 13.50 165.00 78.89 24.05 117.00
Pi21+Pbi (34) 87.00 12.50  361.00 41.21 16.79 112.00
BRRI dhan67 93.00 16.00  295.50 44.88 20.24 112.00
BRRI dhan97 88.50 16.50  299.00 52.87 24.53 113.00
BRRI dhan99 90.50 16.50  425.50 35.20 24.54 117.00
BR11715-4R-186 126.50 13.50 154.00 77.62 25.23 125.00
IR14T156 106.50 12.50  300.00 52.14 19.15 124.00
BR12459-4R-214 113.00 12.00  461.50 48.77 21.01 126.50
IR100158-B-2-AJY1 107.50 12.50 154.00 71.87 19.36 126.50
Acc. no. 2276 67.50 16.50  396.00 56.37 20.69 112.00
BR12890-5R-32 86.50 16.50  219.00 53.05 22.84 119.50
IR16F1063 47.50 6.50 138.00 33.41 11.16 60.00
Acc. no. 234 131.00 6.00 31.00 45.71 11.17 60.50

8 Rahman et al.



Genotype Plant Tiller Filled Spikelet Straw Growth

height No. Grain Fertility Weight duration

(cm) No. (%) (2 (d)
BR13169-4R-227 94.00 12.50  298.00 52.71 18.48 118.00
BR11723-4R-322 94.00 14.50  276.00 65.56 23.93 124.00
BR12902-4R-257 103.50  12.50  144.34 74.62 17.40 118.00
BR11714-4R-182 98.50 13.00  418.00 22.08 18.53 119.50
IRRI154 (Sen. ck.) 90.29 8.93 146.21 70.05 11.68 124.07
IR58443 (Tol. ck.) 101.50  17.61  450.28 39.68 40.60 121.89
LSDy s 2.03 5.96 5.96 5.96 5.96
CV (%) 9.93 17.56 31.79 23.28 4.04
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Fig. 2. Percent reduction of filled grain weight under stress condition (salinity 10 dS/m) from 21 DAS to
maturity. Error bar indicates standard deviation (n = 5).
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indicates standard deviation (n = 5).
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Submergence tolerance at vegetative phase

The CRCIL-464 panel germplasm, along with
standard checks (FR13A and IR42) and four
BRRI  submergence-tolerant  high-yielding
varieties (HYVs), were assessed for
submergence tolerance at the vegetative stage in
the concrete submergence tank at the Plant
Breeding Division. Seedlings were raised under
normal field conditions in a standard seedbed
and transplanted into the concrete tank at 22
days old. Six seedlings per line and two lines per
entry were planted using an Augmented Block
(RCB) design. Two weeks after transplantation,
the plants were completely submerged for 14
days under 1 meter of floodwater. To simulate
typical Bangladeshi flood conditions, the water

was made turbid daily. Daily measurements of
floodwater temperature, pH, dissolved oxygen,
and turbidity were taken during the
submergence period (Table 6). Seven days after
the water receded, plant survivability and
recovery  scores were recorded. After
submergence stress among the CRCIL-464
germplasm, 25 genotypes, including 4 checks,
exhibited a survivability range of 8.33% to
100% after recovery, with SES scores ranging
from 1 to 9. One genotype, IR14T156, had six
planted plants, all of which survived, achieving
100% survivability. Three entries received an
SES score of 7, while the remaining scored 9
(Table 5).

Histogram of SES with Density Curve
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Fig. 4.
submergence stress.

Histogram of SES with density curve represented distribution of tolerances at seedling stage under

Table 5. Percent survivability (%) with SES of tested germplasm under two weeks of complete

submergence.

SL Entry Survivability (%) after recovery SES
1 Capsul 8.33 9
2 BRRI dhan74 (Ck) 8.33 9
3 BR12459-4R-209 8.33 9
4  BRI12459-4R-103 8.33 9
5 IR16F1148 (Ck) 50.00 7
6  BRI12900-4R-177 16.67 9
7  BRI11715-4R-186 8.33 9
8  Acc. no. 2006 60.00 7
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SL Entry Survivability (%) after recovery SES
9  Sorsoria 4545 9
10 Ashful 8.33 9
11 IR14T156 100.00 1
12 BR12905-4R-61 8.33 9
13 BR13169-4R-227 44.44 9
14 BR11894-5R-77 16.67 9
15 1R126952-41-58-26-4-12-12-1 8.33 9
16 BRRI dhan52 25.00 9
17 BRRI dhanl08 25.00 9
18 IR16F1019 45.45 9
19 BRI12520-5R-75 8.33 9
20 IR126952-28-55-9-9-53-1-6 16.67 9
21  BRRI dhan74 (Ck) 33.33 9
22 BR10211-5-5-7 50.00 7
23 BR11196-5R-83 16.67 9
24  BR11604-4R-84 10.00 9
25 BRI11196-5R-445 10.00 9

The results of the submergence screening of the
CRCIL-464 panel show significant genetic
variability for submergence tolerance among
rice genotypes. The distribution for SES was
completely skewed towards sensitive indicating
less representation of tolerant and moderately
tolerant germplasm into the CRCIL-464 panel
(Fig. 4). There is a board range of survivability
(8.33%-100%), with 100% survival rates for all
six seedlings. IR14T156 was the best performer
and showed strong resilience in flooding
conditions. Most genotypes received SES scores
of 9, indicating poor recovery and stress
symptoms in post-submergence. Even though

certain survivability rates are excellent, the low
recovery scores show the importance of
post-submergence recovery ability as a breeding
trait. Despite the results showing that some
genotypes may be able to withstand
submergence, they also show the challenge it is
to breed for this feature due as survival,
recovery, and yield need to be taken into
account. Trials should be scaled up, agronomic
attributes should be assessed after the flood, and
promising lines should be incorporated into
crossing or breeding programs with selected
elite varieties.

Table 6. Flood water quality data before and after mud mixing in the concrete tank. All data

were recorded at 12.00 noon.

Before mud mixing

After mud mixing

Day pH Temp Dissolve Turbidity pH  Temp Dissolve  Turbidity
O,mg/lL  (FNU) 0, mg/L (FNU)
Day-1 (08/9/2024) 7.6 33.1 6.5 13.0 7.9 330 10.1 128.3
Day-2 (09/9/2024) 8.1 334 44.8 15.7 8.1 34.0 44.9 100.1
Day-3 (10/9/2024) 83 335 68.7 14.8 82 337 62.3 79.9
Day-4 (11/9/2024) 83 334 579 15.5 84 339 479 93.9
Day-5 (12/9/2024) 82 344 36.5 16.6 84 347 33.2 323.4
Day-6 (13/9/2024) 83 334 34.2 57.3 85 337 28.1 137.3
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Before mud mixing

After mud mixing

Day pH Temp Dissolve Turbidity pH Temp Dissolve  Turbidity
O,mg/L.  (FNU) 0, mg/L (FNU)
Day-7 (14/9/2024) Data not recorded due to rain
Day-8 (15/9/2024) Data not recorded due to rain
Day-9 (16/9/2024) 83 287 25.6 15.2 8.6 299 28.6 69.2
Day-10 (17/9/2024) 8.6  30.7 30.6 6.5 8.7 312 28.4 48.6
Day-11 (18/9/2024) 8.7 312 30.8 9.1 89 322 243 194.0
Day-12 (19/9/2024) 88  32.6 26.2 11.8 8.9 341 22.3 182.7
Day-13 (20/9/2024) 8.8  34.1 22.4 15.8 89 355 17.6 103.3
Day-14 (21/9/2024) 88  33.7 19.4 25.9 8.9 347 12.3 94.1
Average 84 327 33.6 18.1 8.5 334 30.0 129.6

Note: FNU stands for Formazin Nephelometric Units and also signifies that the instrument is measuring scattered
light from the flood water at a 90-degree angle from the incident light. FNU is most often used when referencing

the ISO 7027 (European) turbidity method.

Cold tolerance at seedling stage

CRCIL-464 panel germplasm with standard
checks BRRI HY Vs (4) were evaluated for cold
tolerance at the seedling stage. Leaf
discoloration scores were assessed 10 days after
exposure to cold water treatment, using a 1 to 9
scale. The distribution of leaf discoloration SES
follows a multi-modal distribution revealing an
uneven inclusion of cold tolerant germplasm
(Fig. 5). The recovery ability of rice seedlings

was also evaluated two weeks after being
removed from the cold-water tank. After cold
stress among the CRCIL-464 germplasm, 12
genotypes exhibited a survivability range of
16.7% to 83.3% after recovery, with SES scores
ranging from 1 to 9. Two genotypes SVIN 297
and  IRRI154-Hd9+Pi9  showed 83.3%
survivability which was highest survivability
percentage. These genotypes require further
evaluation.

Histogram of SES with Density Curve
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Table 7.
CRCIL-464 panel.

Effects of cold stress (water temperature 13 °C for 10 days) at the seedling stage of

SL Designation SES Score Survivability (%)
1 BR10540-4-1-2-4-1 5 50.0
2 SVIN 297 5 83.3
3 BR12557-5R-80 (835) 5 66.7
4 BRRI dhan98 5 333
5 BRRI dhan74 (Ck) 3 333
6 BR10317-5R-25 3 50.0
7 BRRI dhan92 7 16.7
8 IRRI154-Hd9+Pi9 7 83.3
9 Binashail 7 16.7
10 BRRI dhan81 7 16.7
11 BRRI dhan52 7 16.7
12 BR12902-4R-48 5 50.0
13 BRRI dhan28 (Ck) 9 0.00
14 BRRI dhan67 (Ck) 9 0.00
15 Hbj-B-VI (Ck) 9 0.00

The wide range of SES scores and survival rates
represents the genetic diversity present in the
CRCIL-464 panel and emphasizes the potential
for identifying cold-tolerant lines suitable for
breeding programs. The strong performance of
SVIN 297 and IRRI154-Hd9+Pi9 recommends
their further evaluation under multilocation
trials and molecular analysis to confirm the
stability of their cold tolerance.

Overall, this study provides promising genetic
resources for enhancing cold tolerance in rice,
which is particularly critical for direct-seeded
rice systems and high-altitude or temperate
regions, especially for northern part of
Bangladesh where low temperatures at the
seedling stage can severely affect crop
establishment.

CONCLUSION

The evaluation of the CRCIL-464 multi-trait
diversity panel under salinity, submergence, and
cold stress revealed substantial genetic variation

for abiotic stress tolerance in rice. A set of
genotypes demonstrated consistent tolerance at
both the seedling and reproductive stages under
salinity stress, highlighting their potential for
whole-growth-stage salt tolerance.
Submergence screening identified a few highly
resilient lines, though the overall panel was
skewed toward sensitivity, underscoring the
need for introgression of stronger submergence
tolerance alleles. Cold tolerance assessment
identified several promising genotypes with
high recovery and survivability, warranting
further validation. Collectively, these results
provide a valuable genetic resource for breeding
climate-resilient rice varieties. The identified
tolerant lines offer strong candidates for use in
BRRI’s breeding pipeline to develop varieties
with enhanced resilience to multiple abiotic
stresses, thereby supporting sustainable rice
production in stress-prone environments such as
Bangladesh.
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Developing Salinity-Tolerant Hybrid Rice
Parental Lines through Integrative Breeding

and Molecular Approaches
M R Quddus'?, M A Rahman?*, M Hasan?, M G Rasul’, M A Mannan*, M J Hasan'

ABSTRACT

Salinity stress is a major abiotic constraint limiting rice production in coastal and irrigated
ecosystems, affecting approximately 20% of global agricultural land. Developing salinity-tolerant
hybrid rice parental lines is critical for sustaining productivity in salt-affected areas, yet systematic
efforts integrating tolerance traits with fertility restoration or maintenance ability remain limited.
This study reports the development of 49 new salinity-tolerant hybrid rice parental lines through
strategic crossing, Best Linear Unbiased Prediction (BLUP)-based selection, and integrated
molecular—phenotypic validation. A total of 286 genetically fixed entries derived from 22 crosses
among the parental lines (14 maintainer X maintainer and 8 restorer X restorer), along with 19 elite
lines, were evaluated under salinity stress environment. Parental lines with Standard Evaluation
Score (SES) values of 3—5 were strategically crossed and advanced through field rapid generation
advance (FRGA). BLUP-based selection identified 54 superior genotypes exceeding the population
mean plus one standard deviation for yield. Salinity tolerance was further confirmed through
screening under 12 dS/m stress at the seedling stage, which identified 10 highly tolerant parental
lines (SES 3) and 19 moderately tolerant parental lines (SES 5). Molecular marker analysis using
DRRM-Rf3-5 and DRCG-RF4-14 markers, coupled with test cross pollen fertility testing,
successfully validated 25 maintainer lines and 24 restorer lines. Ward's D? hierarchical clustering
classified the selected lines into three distinct clusters representing late-maturing high-yielding,
medium-duration tall, and early-maturing high-tillering ideotypes. These newly developed parental
lines provide valuable genetic resources for breeding high-yielding, salinity-tolerant hybrid rice
varieties suited to salt-affected ecosystems, thereby contributing to sustainable rice production and
enhanced food security.

Keywords: salinity tolerance, hybrid rice, parental line development, molecular markers, fertility
restoration

INTRODUCTION

Rice (Oryza sativa L.) is a staple food for over
half the global population, and hybrid rice
technology has emerged as a key strategy for
enhancing productivity, delivering 15-30% yield
advantages over conventional varieties through
heterosis exploitation (Rout et al, 2020).
However, salinity stress poses a major constraint

to rice production, particularly in coastal and
irrigated ecosystems where approximately 20%
of agricultural lands are affected (Korres et al.,
2022). Salinity reduces rice yield through
osmotic stress and ionic toxicity, with
susceptible varieties experiencing 50-70% yield
losses under moderate to severe stress conditions

"Hybrid Rice Division, Bangladesh Rice Research Institute, Gazipur 1701, Bangladesh

’Plant Breeding Division, Bangladesh Rice Research Institute, Gazipur 1701, Bangladesh

SDepartment of Genetics and Plant Breeding, Gazipur Agricultural University, Salna, Gazipur 1706, Bangladesh
“Department of Agronomy, Gazipur Agricultural University, Salna, Gazipur 1706, Bangladesh

"Corresponding author’s E-mail: akhlas08@gmail.com (M A Rahman)

Developing Salinity 17



(Sellathdurai et al., 2024). In regions such as
South Asia, Southeast Asia, and Africa,
expanding salt-affected areas threaten food
security and farmer livelihoods, necessitating the
development of salinity-tolerant rice varieties,
including hybrid rice (Mheni et al., 2024).

Molecular breeding has revolutionized salinity
tolerance improvement through the
identification and deployment of major
quantitative trait loci (QTLs), particularly Saltol
on chromosome 1, which harbors the OsHKT1,5
gene responsible for Na* exclusion (Rekha et al.,
2022). Marker-assisted backcrossing (MABC)
programs have successfully introgressed Saltol
into elite varieties, yielding significant
improvements. For instance, DRR Dhan 58,
developed through Saltol introgression into
Improved Samba Mahsuri, demonstrated a 24%
yield advantage in coastal saline areas and was
released for cultivation (Rekha er al., 2022).
Similarly, the early-maturing variety KKL(R)3
showed robust seedling tolerance and substantial
yield gains under saline conditions (Saminadane
et al., 2024). Recent meta-QTL analyses have
identified 65 consensus genomic regions for
salinity tolerance, providing refined targets for
marker-assisted selection (Satasiya ef al., 2024).
Salt tolerance in hybrid rice is governed by
complex genetic mechanisms controlling ion
homeostasis, particularly Na* exclusion and K*
retention (Thippani, 2017). The major QTL
Saltol (from Pokkali) on chromosome 1 and the
SKCI (from Nonabokra) gene regulate Na*/K*
balance at seedling and reproductive stages
(Yadav et al., 2018). Marker-assisted selection
(MAS) employs marker-assisted backcrossing
with foreground and background selection using
SSR, SNP, and KASP assays to introgress these
loci into elite parental lines (Islam et al., 2024).
Donor genotypes like FL478, Pokkali, and Nona
Bokra provide favorable alleles for lower shoot
Na® and higher K* accumulation (Thippani,
2017). The breeding strategy involves
pyramiding multiple tolerance QTLs into
cytoplasmic male sterile (CMS), maintainer
(B-line) and restorer (R) lines, followed by
hybrid development (Niu et al, 2025).
Shenyanyou 1 represents a successfully
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developed salt-tolerant hybrid japonica rice
through SKC/ introgression using KASP
markers and high-throughput breeding chips
(Niu et al., 2025).

Despite these advances in salinity tolerance
breeding, developing hybrid rice parental lines
that simultaneously possess salinity tolerance
and fertility restoration or maintenance ability
remains underexplored. Hybrid rice production
depends on well-characterized CMS lines,
B-lines, and R-lines carrying Rf3 and Rf4 genes
(Ponnuswamy et al, 2020). While
marker-assisted conversion of partial restorers
into complete restorers has been demonstrated
(Ponnuswamy et al., 2020), the integration of
salinity tolerance QTLs with fertility genes in
hybrid parental lines has not been systematically
addressed.

In this context, the present study reports the
development of 49 new salinity-tolerant hybrid
rice parental lines comprising 25 B-lines and 24
R-lines. These lines were developed through
strategic crossing of tolerant parents, Best Linear
Unbiased Prediction (BLUP)-based selection for
yield and agronomic traits, molecular marker
validation of Rf3 and Rf4 genes, and phenotypic
confirmation through pollen fertility testing.
These selected parental lines were further
characterized using Ward's D? clustering and
genetic diversity analysis. This integrated
breeding approach addresses a critical gap in
hybrid rice breeding by providing diverse,
salinity-tolerant parental lines specifically
designed for developing high-yielding hybrids
suitable for salt-affected ecologies, thereby
contributing to sustainable rice production and
global food security.

MATERIALS AND METHODS

Fourteen BxB cross and eight RxR crosses
(Table 1) were done in Aman 2022-23 season
following the results of seedling stage screening
of 276 parental lines of hybrid rice at the net
house of the Plant Physiology division, BRRI.
Nineteen elite lines were collected from the
salinity breeding team, Plant Breeding division,
BRRI, to identify potential restorer and
maintainer lines for hybrid rice development.



Table 1.

BxB and RxR crosses targeting parental line development with high yield and salinity

tolerance.
Cross Cross Female Parent ~ Male Parent F¢ Entry
registration SES SES evaluated
no. Envl Env2 Envl Env2
BxB cross
HRB 501 BHR95/BHR182 5 5 5 5 12
HRB 502 BHR101/BHR184 5 5 5 4 33
HRB 503 BHR121/BHR187 5 5 3 4 4
HRB 510 BHR15/BHRS 5 5 8 8 13
HRB 511 BHR5/BHR15 8 8 5 5 23
HRB 512 BHR11/BHR22 4 5 3 3 14
HRB 513 BHR22/BHR11 3 3 4 5 31
HRB 516 BHR22/BHR3 3 3 8 8 10
HRB 517 BHR13/BHRS 7 7 5 5
HRB 518 BHR8/BHR13 5 5 7 7 5
BBCl11 BHR193/BHR164 4 4 5 5
BBC12 BHR164/BHR193 5 5 4 4 12
BBCI13 BHR182/BHR171 5 5 8 7 8
BBC14 BHR159/BHR182 5 5 5 5 9
RXR cross
HRR 264 BHR202/BHR365 5 3 4 5 10
HRR 269 BHR323/BHR369 3 5 3 3 8
HRR 271 BHR321/BHR373 5 5 3 5 31
HRR 272 BHR323/BHR373 3 5 3 5 14
RRC3 BHR355/BHR285 3 3 5 5 3
RRC9 EL 224R /BHR371 5 5 12
RRCl11 BHR334/ CHA15R 5 5
HRR 281 BHR321/BHR374 6 5 6
Elite lines from Plant Breeding Division, BRRI 19
Total genotypes evaluated 286

Thirty parental lines (7 BRRI-developed and 23
exotic) were used for crossing and the
development of new parental lines. Among these
13 parents contain genes for salinity tolerance
(e.g. Saltol, gSISIL) and 7 parents contain genes
for both salinity and drought tolerance, 11

parents contain genes for drought tolerance (e.g.
gDTYI2.1, gDTY3.1, gDTY3.2). Parents BHR22
and BHR365 contained both Saltol and
qDTYI12.1, gDTY3.1, ¢DTY3.2 genes, conferring
a dual tolerance mechanism (Table 2).
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The flow chart (Fig. 1) illustrates the sequential process of hybrid rice parental line development.
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Fig. 1.  Sequential process of hybrid rice parental line development.
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The breeding program began with the selection
of parents based on breeding objectives,
followed by F: confirmation of 14 BxB and §
RxR  crosses during Boro 2022-23.
Subsequently, F» populations from 22 crosses
were advanced through the FRGA method in
Aus 2022-23, and continued progression
through Fs (Aman 2023-24), F. (Boro
2023-24), and Fs (Aus 2023-24) generations
following Rahman et al. (2019) with little
modification of collecting and sowing first
matured 5-10 seeds per plant that allowed 3
generations advancement per year.

The Fs generation (LST) was evaluated under
favorable conditions at the BRRI Farm, Gazipur
during Aman 2023-24. From this evaluation,
267 selected lines, along with 19 elite collected
lines, were evaluated in the Observation Yield
Trial (OYT) at the BRRI Farm, Satkhira, under
salinity stress conditions. Molecular
confirmation was carried out to detect the
restorer of fertility genes (Rf3 and Rf4) using
Marker-Assisted Selection (MAS), followed by
pollen fertility tests in test cross Fi plants with
known CMS lines to verify sterility maintenance
and fertility restoration. This systematic
breeding pipeline ultimately led to the
development of new B and R parental lines for
hybrid rice improvement.

Salt Stress Application and Monitoring

Salt (NaCl) stress was imposed on 54 selected
genotypes along with two checks at the
three-leaf stage (14 days after sowing, DAS) by
gradually increasing the culture solution's
electrical conductivity (EC) of the nutrient
solution over a six-day period to a final level of
12 dS/m. The EC was increased stepwise from 6
dS/m to 8 dS/m to 10 dS/m before reaching the
final concentration. Iron (Fe) deficiency was
prevented by daily adjusting the pH to 5.0 and
replacing the entire Yoshida culture solution
(Yoshida et al., 1976) every seven days. Five
seedlings per genotype were used for SES
scoring. After 18 days of exposure to 12 dS/m
salinity, the susceptible checks (IRRI 154 and
BRRI dhan28) exhibited significant salt stress,
with high SES scores of 7 to 9, which validated
the severity of the stress condition and prompted
the subsequent collection of SES data across all
54 genotypes.

Marker-Assisted Selection

Marker-assisted selection (MAS) was conducted
using the DRRM-Rf3-5 marker located on
chromosome 1 and the DRCG-RF4-14 marker
located on chromosome 10 (Suresh et al., 2012;
Ramalingam et al., 2017) to identify potential
restorer and maintainer lines of hybrid rice. PCR
products were resolved on a 2% agarose gel, and
gel images were documented for analysis.

Table 3. Marker details for tracking Rf3 and Rf4 genes

Sequences (5*-3’) Expected PCR Non-
Marker ) . Restorer
Forward Primer Reverse Primer amplicon size (bp) restorer
DRRM-Rf3-5 GATGGCACAGCTTCAGAACA  CTAATTCTGGGCGAGCAAAG 140/160 160 140
DRCG-RF4-14  GCAATGCTTGTATTCAGCAAA  TCCAGCTGTAAATCCGTCAA 800/885 800 885

Pollen Fertility Assessment

Fifty-four selected genotypes were crossed with
the known WA-CMS (Wild Abortive
Cytoplasmic Male Sterile) line BRRI97A. The
resulting F1 seeds were harvested and grown in
the subsequent season. Pollen grains from the Fi
plants were gently squeezed onto a glass slide
and stained with iodine-potassium iodide (I-KI)
solution. Pollen exhibiting a deep stain and

round morphology was classified as fertile.
Observations were made using a ZEISS
Axioscope S5 light microscope at 40X
magnification.

Data Analysis

Data collected from Satkhira, Bangladesh (a
recognized salinity hotspot) were analyzed
using an augmented randomized complete block
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(RCB) design. The experimental layout
incorporated two check varieties, each
replicated seven times. Single environment
analysis was performed using Plant Breeding
Tools software (PBTools, version 1.4, 2014).
Best Linear Unbiased Predictors (BLUPs) and
broad sense heritability estimates were
calculated for each trait and utilized in selecting
superior genotypes. Genetic distance estimation
and cluster analysis were conducted using Ward
D? method. DNA band scoring was carried out
utilizing AlphaEaseFC 4.0 software (USA).

RESULTS

The study analyzed the development of new
hybrid rice parents focusing on salinity tolerance
(measured by the SES score, where low score
means tolerant) across 22 distinct crosses among
the parental lines of hybrid rice and 19 elite
lines, resulting in a total of 286 genetically fixed
entries and were evaluated. The crosses were
grouped into BxB (14 crosses) and RxR (8
crosses). The parental lines exhibited varying
degrees of tolerance, ranging from highly
tolerant (SES 3) to highly susceptible (SES 8)
across two environments (Env 1 and Env 2). For
instance, the BxB cross HRB 510
(BHR15/BHRS5) paired a relatively tolerant
female (SES 5/5) with a highly susceptible male
(SES 8/8), while HRB 502 (BHR101/BHR184)
involved two tolerant parents (Female SES 5/5,
Male SES 5/4). Among all crosses, HRB 502
produced the largest population for selection,
with 33 Fs entries evaluated, followed by the
RxR cross HRR 271 (BHR321/BHR373) with
31 Fs entries.

Out of the 22 crosses among the parental lines,
15 crosses were identified where both parental
lines exhibited SES score of 3 to 5 in all
environments, signifying that they are the most
promising crosses for introgressing high salinity
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tolerance into new parents. These 15 crosses,
comprising 9 BxB crosses and 6 RxR crosses,
collectively contributed 250 Fs entries—a
substantial portion of the total evaluated
population.

BxB Crosses (9 crosses)

BxB Crosses provided the highest number of
individual tolerant progenies. Key examples
include HRB 502 (BHR101/BHR184), which
had excellent parental SES scores (Female 5/5,
Male 5/4) and produced the largest single
population of 33 Fs entries among all Fs entries,
making it a critical source for high-tolerance
selections. Other high-contributing crosses like
HRB 501 (BHRI101/BHR10) also had
consistently low SES scores (5/5 for both
parents) and contributed 23 entries.

RxR Crosses (6 crosses)

Although fewer in number, RxR Crosses also
demonstrated high salinity tolerance. For
example, HRR 264 (RRC1/RRC10) showed
favorable parental SES scores (5/3 and 4/5) and
contributed to 20 Fs entries, while HRR 270
(RRC11/RRC10) contributed to 23 Fs entries.
The remaining seven crosses involved at least
one parent with a highly susceptible SES score
of 7 or 8, confirming that the 15 identified
crosses are the primary source for the desired
trait combination of high yield and high salinity
tolerance in the development of new hybrid rice
parental lines.

Genotype selection

A total of 286 genotypes were evaluated using
an augmented Randomized Complete Block
(RCB) design with two checks replicated seven
times. The salinity condition of the experimental
site ranged from 4.2-7.3 dSm! (Fig. 2).
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Fig. 2. Salinity stress at the experimental plot in BRRI regional station, Satkhira farm during Boro, 2023-24.

Selection was based on Best Linear Unbiased
Predictor (BLUP) values for yield (kg/1.2m2),
growth duration (days), plant height (cm),
effective tiller number (ET) (Table 4).
Genotypes were selected if their yield exceeded
both the checks and the population mean plus
one standard deviation (p + 1o). Only five

BR11716-4R-120, BR11712-4R-227,
BR11715-4R-186, and BR11712-4R-1 achieved
a yield greater than the population mean plus
two standard deviations (u + 20). In total, 54
genotypes were selected: 27 from BB crosses,
17 from RR crosses, and 10 from collected elite
lines.

specific genotypes—BR11716-4R-105,
Table 4. List of selected genotypes with high yield potential.

Entry Designation GD* PH* ET* Yield* Cluster SES
Gl BR11716-4R-105 150 115 8 1.93 1 5
G2 BR11716-4R-120 161 148 9 1.92 1 5
G3 BR11712-4R-227 159 125 9 1.91 1 5
G4 BR11715-4R-186 159 113 8 1.90 1 5
G5 BR11712-4R-1 153 116 9 1.89 1 5
G6 HRR271-4R-44 139 138 8 1.89 2 3
G7 HRB510-4R-51 142 110 13 1.83 3 5
G8 HRR271-4R-46 139 147 11 1.83 2 3
G9 BR11723-4R-12 161 115 8 1.83 1 5
G10 BR11723-4R-27 160 117 8 1.83 1 5
Gl11 HRB512-4R-108 132 108 13 1.83 3 3
G12 HRB502-4R-64 137 126 14 1.82 3 5
G13 BBC12-4R-32 144 118 13 1.79 3 5
Gl14 HRR269-4R-36 130 133 11 1.79 2 3
G15 HRR272-4R-16 141 114 14 1.79 3 6
Gl16 HRR271-4R-45 138 142 11 1.77 2 5
G17 HRB502-4R-132 144 112 13 1.76 3 6
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Entry Designation GD* PH* ET* Yield* Cluster SES

G18 HRB502-4R-236 143 114 19 1.74 3 5
G19 HRB502-4R-35 141 117 16 1.74 3 6
G20  HRBS511-4R-27 127 111 11 1.74 3 8
G21 BBC11-4R-35 141 103 11 1.72 3 5
G22  HRBS502-4R-227 145 97 14 1.72 3 6
G23  HRB513-4R-157 142 117 12 1.72 3 3
G24  BBCI14-4R-24 131 99 11 1.71 3 6
G25 HRB512-4R-129 136 103 13 1.71 3 3
G26  HRR269-4R-200 144 117 12 1.71 3 6
G27 BRI11716-4R-108 161 115 7 1.71 1 3
G28  BBCI14-4R-39 132 103 10 1.70 3 6
G29  HRR264-4R-91 129 134 17 1.70 3 7
G30 HRR271-4R-88 141 152 10 1.70 2 5
G31 HRB510-4R-202 134 101 11 1.69 3 8
G32  HRB503-4R-4 129 126 14 1.68 3 3
G33  HRR269-4R-15 135 128 9 1.68 3 5
G34  HRR269-4R-23 140 128 17 1.68 3 5
G35 HRR271-4R-63 140 142 15 1.68 3 5
G36  HRR264-4R-44 126 138 16 1.67 3 6
G37 HRR271-4R-32 139 160 10 1.67 2 6
G38 HRBS502-4R-216 138 135 14 1.66 3 6
G39  BRI11723-4R-172 159 118 7 1.65 1 5
G40  HRBS502-4R-52 142 120 13 1.64 3 7
G41 RRC9-4R-51 145 112 12 1.60 3 8
G42  HRR264-4R-8 121 121 14 1.59 3 7
G43  HRB502-4R-68 135 120 10 1.62 3 6
G44  BBC14-4R-49 130 103 10 1.61 3 7
G45  HRB512-4R-201 143 114 11 1.64 3 3
G46  BR11716-4R-102 160 113 7 1.63 1 3
G47  HRB502-4R-223 135 117 16 1.56 3 6
G48 HRBS511-4R-180 135 111 13 1.55 3 9
G49  HRBS502-4R-40 139 112 12 1.54 3 6
G50 HRR269-4R-139 132 128 9 1.53 3 6
G51 HRB502-4R-181 127 110 14 1.52 3 6
G52  HRBS502-4R-66 132 127 12 1.52 3 6
G53  BBCI12-4R-95 139 112 12 1.51 3 5
G54  RRC9-4R-31 146 109 10 1.51 3 3

Population means 136.14 115.16 11.35 1.19

SD 9.74 15.08 2.60 0.32

LSD (0.05) 9.27 8.92 4.70 0.53

Heritability (0.05) 0.90 0.96 0.75 0.80

*GD: Growth duration (days), PH: Plant height (cm), ET: Effective tiller number, Yield: Rice grain yield in kg per
1.2 sq.m., SD: Standard deviation, LSD (0.05): Least significant difference at 5% level, Heritability (0.05):
Heritability in broad sense at 5% level.
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Diversity

Genetic distances among the selected 54
genotypes were measured using Euclidean
distance. The highest genetic distance was
observed between HRBS502-4R-181 and
BR11716-4R-120  (5.85), followed by
HRR264-4R-8 and BRI11716-4R-120 (5.56),
HRB502-4R-223 and BR11716-4R-120 (5.27),
BBC14-4R-49 and BR11716-4R-120 (5.22),
HRR264-4R-8 and BRI11715-4R-186 (5.14).
The lowest genetic distance was observed in
BR11723-4R-27 and BR11723-4R-12 (0.17)
followed by HRB513-4R-157 and
HRR269-4R-200 (0.22), HRB502-4R-40 and
BBCI12-4R-95 (0.26), BBC14-4R-24 and
HRB510-4R-202 (0.37), BR11723-4R-172 and

BR11716-4R-102 (0.41). Figure 3 illustrates the
frequency distribution of genotype pairs based
on pairwise Euclidean distances, which ranged
from 0.17 to 5.85, indicating the degree of
genetic divergence among the genotypes. The
majority of genotype pairs exhibited moderate
genetic dissimilarity, with the highest frequency
(530 pairs) occurring at a distance class of >2-3.
This is followed by 363 pairs at distance >3-4
and 337 pairs at distance >1-2, showing a
roughly normal distribution centered around
intermediate distances. In contrast, relatively
few genotype pairs showed very low (distance
0-1; 61 pairs) or very high (distance 5-6; 11
pairs) divergence. A smaller number of pairs
(129) were found at 4-5 distance class (Fig. 3).
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Fig. 3.

The 54 selected genotypes were then classified
into three clusters using Wards D? method of
clustering (Fig. 4). Clusters 1 and 2 contained
potential restorer lines only, whereas cluster 3
contained both restorer and maintainer lines.

Cluster 1 comprised of late-maturing genotypes
characterized by the longest growth duration
(158.30 days), moderate plant height (119.50
cm), and a moderate number of effective tillers
(8.00). Despite having only 10 genotypes, this

Frequency distribution of genotype pairs based on pairwise Euclidean distance.

cluster recorded the highest yield (1.82 kg/1.2
m?). These results suggest that the late-maturing
genotypes in this group were more productive,
possibly due to their longer vegetative and
reproductive phases, allowing for better
assimilate accumulation and grain filling.

Cluster 2 consisted of medium-duration
genotypes with an average growth duration of
137.67 days and the tallest plant height (145.33
cm). This group exhibited a moderately high
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number of effective tillers (10.17) and achieved
a yield of 1.78 kg/1.2 m? With only six
genotypes, Cluster 2 represented a small group
of tall, medium-duration types that performed
moderately well in terms of yield, possibly
combining traits of vigor and intermediate
maturity (Fig. 4).

Cluster 3 included early-maturing genotypes
with the shortest growth duration (136.68 days)
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Fig. 4.

The intra-cluster distance table, represented by
the average silhouette width values, provides an
indication of how well each cluster is internally
cohesive and distinct from other clusters.
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and the shortest plant height (116.24 cm).
Interestingly, this cluster had the highest number
of effective tillers (12.89), yet it recorded the
lowest yield (1.67 kg/1.2 m?). Containing 38
genotypes, it was the largest cluster, indicating
that early-maturing, short-statured, and highly
tillering genotypes were more common but less
productive overall.
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Hierarchical Clustering using Ward's D* method

Cluster 1 exhibited the highest average
silhouette width (0.464), followed closely by
Cluster 2 (0.461), and cluster 3 (0.284).



Table 5. Intra and inter-cluster distances depicting the diversity among selected genotypes.
Intra-Cluster Distance Inter-Cluster Distance
Distance
Average Silhouette Width  Euclidean Distance between Scaled Cluster Centers

Cluster 1 2 3

1 0.464 0 2.88 3.07

2 0.461 2.88 0 2.48

3 0.284 3.07 2.48 0

The inter-cluster distances (Table 5), which
shows Euclidean distances between the scaled
cluster centers, reflects the degree of genetic
divergence among the clusters. The greatest
distance (3.07) was observed between Clusters 1
and 3, indicating the widest divergence between
these two groups. The distance between Clusters
1 and 2 (2.88) was also substantial, while the
smallest distance (2.48) occurred between
Clusters 2 and 3, suggesting that these two
clusters are relatively closer in multivariate
space. Collectively, these results demonstrate
that the clusters are reasonably distinct, with
Clusters 1 and 3 being the most dissimilar, while
Clusters 2 and 3 showing partial similarity or
overlap.

Salinity tolerance of the selected lines
Fifty-four rice genotypes along with two
susceptible checks (BRRI dhan28 and IR154)
were evaluated using RCB design with two
replications (Fig. 5). The standard evaluation
score (SES) was utilized to select tolerant and
susceptible genotypes. Among the selected 54
genotypes, six R lines (HRR271-4R-44,
HRR271-4R-46, HRR269-4R-36,
BR11716-4R-102, BR11716-4R-108,
RRC9-4R-31) five B lines
(HRB512-4R-108, HRB513-4R-157,
HRB512-4R-129, HRB503-4R-4,
HRB512-4R-201) had SES score of 3 (tolerant).
Nineteen genotypes had SES scores of 5
(moderately tolerant) and rest were susceptible
having SES scores of 6-9 (Table 4).

and

Fig. 5.

Comparative Response of 56 Rice Genotypes (including two checks) to Salinity Stress (12 dS/m) at the

Seedling Stage. (a) Seedling condition after one week of stress exposure. (b) Seedling condition after
three weeks of stress exposure. (¢) & (d) Appearance of susceptible checks BRRI dhan28 and IR154
during SES scoring. (¢) Example of a susceptible genotype (HRB510-4R-202). (f-i) Examples of
tolerant genotypes (HRB512-4R-201, HRR271-4R-44, BR11716-4R-102, and BR11716-4R-108). (j)
Example of a moderately tolerant genotype (HRB510-4R-51) based on SES scoring.
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Confirmation of Restoring and Maintaining
Ability
To identify the restorer and non-restorer alleles

DRRM-Rf3-5

Fig. 6.

of the fertility restorer genes Rf3 and Rf4, the
DRRM-Rf3-5 and DRCG-RF4-14 gene-based
markers were used, respectively (Table 3, Fig. 6).

W m o~ NS0 W P
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DRCG-RF4-14

Marker-aided selection for Rf3 and Rf4 genes. (a,b,c): DRRM-Rf3-5 marker showing characteristic

bands for G1-G54, BR11712-4R-218, BR11718-4R-93 and BRRI97B (B line for wild abortive
cytoplasm of BRRI97A). (d,e,f): DRCG-RF4-14 marker showing characteristic bands for G1-G54,
BR11712-4R-218, BR11718-4R-93 and BRRI97B.

The restorer (R line) genotypes showed a
homozygous band at 160 bp with the
DRRM-Rf3-5 marker and an 800 bp band with
the DRCG-RF4-14 marker. In contrast, the
maintainer (B line) genotypes produced a
homozygous band at 140 bp for the
DRRM-Rf3-5 marker and a 885 bp band for the
DRCG-RF4-14 marker. Using these markers, 24
genotypes were confirmed as restorer line (R
line) and 27 lines as maintainer lines (B line)

(Fig. 6). Three selected elite lines
BR11715-4R-186  (G4), BRI11723-4R-172
(G39), BRI11716-4R-102 (G46); and two
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unselected elite  lines BR11712-4R-218,
BR11718-4R-93 were discarded due to
heterozygosity in the Rf3 and/or Rf4 locus.

Pollen Fertility Assessment in test cross F1
Plants

Pollens produced three different staining
categories: completely transparent (no stain
absorbed), mixture of transparent and black
colored pollens and >80% black pollens (Fig. 7).
Completely transparent pollens were regarded
as sterile, whereas, black colored pollens were
classified as fertile.



Test cross Fi’s from the BXB cross derived
selected 27 fixed lines, 25 produced 100%
sterile pollen (Fig. 7: a-g) and confirmed as new
maintainer lines, but two genotypes produced
90-98% sterile pollens (Fig. 7: m,n) and were
discarded. Test cross Fi’s from the RxR cross
derived selected 17 fixed lines produced >80%
fertile pollens and selected as new R lines. Test
cross F1’s from the tested 12 elite lines, 7
produced >80% fertile pollen and identified as
new R line, whereas 5 produced <80% fertile
pollen and were discarded (Fig. 7: h-1). Though
BBC14-4R-49 (G44) and HRB502-4R-181
(G51) showed recessive band for both the used
markers but they could not show 100% sterility
and showed 90-98% sterility (Fig. 7: m-n).

DISCUSSION

The development of salinity-tolerant hybrid rice
parental lines is critical for sustaining rice
production in salt-affected areas, which are
expanding due to climate change, sea-level rise,
and poor irrigation management (Raghavendra
et al, 2021). In the present study, 286

Pollen test at test cross Fi progeny (BRRI97AXxElite lines) for Confirmation of restoring and
maintaining ability. (a-g): Pollen view of selected new maintainer lines. (h-1): Pollen view of discarded
lines due to <80% fertility (BR11715-4R-186 (G4), BR11723-4R-172 (G39), BR11716-4R-102 (G46),
BR11712-4R-218, BR11718-4R-93). (m,n): Pollen view of discarded lines due to incomplete sterility
of BBC14-4R-49 (G44) and HRB502-4R-181 (G51). (0-u): Pollen view of selected new restorer lines.

genetically fixed entries derived from 22 crosses
(14 BxB and 8 RxR) and 19 elite lines were
evaluated for salinity tolerance using the
Standard Evaluation System (SES) and
agronomic performance. The strategic approach
of crossing parents with favorable SES scores
(3-5) aimed to combine high salinity tolerance
with desirable grain yield with agronomic traits
and fertility restoration/maintenance ability in
the progenies.

Parental Selection Strategy and Cross
Performance

The identification of 15 promising crosses (9
BxB and 6 RxR), where both parents exhibited
SES scores of 3-5 represents a focused breeding
strategy for introgressing salinity tolerance into
new hybrid rice parents. This approach aligns
with recent marker-assisted breeding programs
that have successfully combined salinity
tolerance with other desirable traits in parental
lines (Niu et al., 2025; Sheng et al., 2023).
Among these, Cross HRB 502
(BHR101/BHR184) produced the largest Fs
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population (33 entries). The varying parental
SES scores and Fs population sizes (ranging
from 1 to 33) across the crosses provide a
diverse genetic pool for selecting high-yielding
and salinity-tolerant fixed lines for use as new
hybrid rice parents. The use of tolerant X tolerant
crosses is supported by previous studies
showing that parental salinity tolerance is a
prerequisite for developing stable salt-tolerant
hybrids (Raghavendra et al., 2021; Beulah et al.,
2023).

The wide variation in Fs population sizes (1-33
entries) across crosses reflects differences in
cross compatibility, seed set, and selection
pressure applied during line stage testing (LST)
trial. The seven crosses involving at least one
highly susceptible parent (SES 7-8) yielded
fewer promising selections, confirming that both
parents should possess moderate to high
tolerance for efficient introgression of this trait.
Similar observations have been reported in
studies where screening of large germplasm
collections identified maintainer and restorer
candidates with inherent salinity tolerance for
hybrid development (Beulah et al., 2023; Dolo
etal.,2016).

BLUP-Based Selection for High-Yielding
Genotypes

The application of Best Linear Unbiased
Predictor (BLUP) values for selection based on
yield, growth duration, plant height, and
effective tiller number represents a robust
statistical approach for handling the augmented
randomized complete block design with
unbalanced data. BLUP-based selection has
gained prominence in plant breeding due to its
ability to account for spatial variation and
provide unbiased estimates of genotypic values
(Piepho ef al., 2008). In this study, the stringent
selection threshold of population means plus one
standard deviation (1 + 1o) for yield resulted in
54 selected genotypes, while only five
exceptional genotypes exceeded p + 2o. This
selection intensity ensures that only superior
performers are advanced, maximizing genetic
gain while maintaining sufficient genetic
diversity for future breeding efforts (Falconer
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and Mackay, 1996).

The distribution of selected genotypes across
breeding populations (27 from BxB crosses, 17
from RxR crosses, and 10 from elite lines)
indicates successful recovery of
high-performing lines from diverse genetic
backgrounds. The elite lines contributed
proportionally fewer selections, suggesting that
the targeted crosses were more effective in
generating superior combinations. This outcome
validates the crossing strategy and emphasizes
the importance of planned hybridization over
relying solely on existing germplasm.

Genetic Diversity and Cluster Analysis

The Euclidean distance analysis revealed
substantial genetic diversity among the 54
selected genotypes, with distances ranging from
0.17 to 5.85. The highest genetic distance
between HRB502-4R-181 and
BR11716-4R-120 (5.85) indicates these lines
are highly divergent and could serve as
complementary parents in future hybrid
combinations to maximize heterosis (Sruthi et
al.,2020; Prasanna et al., 2022). Conversely, the
lowest distance between BR11723-4R-27 and
BR11723-4R-12 (0.17) suggests these lines are
closely related, likely derived from the same
cross with minimal phenotypic differentiation.
The frequency distribution of pairwise distances
showed a roughly normal distribution centered
around moderate distances (2-4 units), with the
highest frequency (530 pairs) at distance >2-3.
This pattern indicates a balanced level of genetic
variability within the selected population, which
is desirable for maintaining breeding flexibility
while ensuring sufficient divergence for
heterotic exploitation (Prasanna et al., 2022).
The relatively few pairs showing very low (0-1;
61 pairs) or very high (5-6; 11 pairs) divergence
further supports the notion that the population
represents a well-structured gene pool with
moderate diversity.

Clustering Patterns and Agronomic
Implications

Ward's D2 hierarchical clustering classified the
54 genotypes into three distinct clusters with



contrasting agronomic characteristics. Cluster 1,
comprising late-maturing genotypes (158.30
days), exhibited the highest yield (1.82 kg/1.2
m?) despite having only 10 members and
moderate tiller numbers (8.00). This suggests
that extended growth duration allows for greater
biomass accumulation and enhanced grain
filling, consistent with reports that late-maturing
varieties often achieve higher yields through
prolonged photosynthetic activity and better
resource utilization (Yang et al., 2010). These
genotypes are particularly valuable for
developing high-yielding hybrids in
environments where the growing season permits
late maturity.

Cluster 2 consisted of medium-duration
genotypes (137.67 days) characterized by the
tallest plant height (145.33 cm) and moderate
yield (1.78 kg/1.2 m?). Tall plant stature in
hybrid rice parents can be advantageous for
biomass production and lodging resistance when
combined with appropriate stem strength traits
(Khush et al., 2005). However, excessive height
may increase lodging risk under high-input
management, necessitating careful evaluation in
hybrid combinations.

Cluster 3, the largest group with 38 members,
included early-maturing, short-statured
genotypes (136.68 days, 116.24 cm) with the
highest tiller number (12.89) but the lowest yield
(1.67 kg/1.2 m?). This inverse relationship
between tiller number and yield suggests a
trade-off where high tillering may result in
smaller panicles or reduced grain weight per
panicle, possibly due to competition for
assimilates among tillers (Huang et al., 2011).
Previous studies have demonstrated that while
effective tiller number is positively correlated
with yield, excessive tillering can lead to
unproductive tillers and reduced individual
panicle productivity (Huang et al., 2011). This
cluster represents genotypes suitable for
breeding programs targeting early maturity and
adaptation to short-season environments, though
yield improvement would require selection for
larger panicle size or grain weight.

Cluster Validation and Inter-Cluster
Divergence

The silhouette width analysis confirmed the
clustering structure, with Clusters 1 and 2
exhibiting higher average silhouette widths
(0.464 and 0.461, respectively) compared to
Cluster 3 (0.284). High silhouette values
indicate that genotypes within these clusters are
well-grouped and distinct from other clusters,
reflecting strong internal cohesion (Rousseeuw,
1987). The lower silhouette width of Cluster 3
suggests greater internal variability and
potential overlap with other clusters, which may
be attributed to its larger size and broader
genetic composition.

The inter-cluster distance analysis revealed that
Clusters 1 and 3 were the most divergent

(distance  3.07), indicating  substantial
phenotypic differentiation between
late-maturing,  high-yielding  types and
early-maturing, high-tillering  types. This

divergence provides opportunities for heterotic
crosses between these groups to exploit
complementary traits (Sruthi ef al., 2020). The
smallest inter-cluster distance between Clusters
2 and 3 (2.48) suggests some phenotypic
similarity, possibly in maturity duration, which
could limit heterotic potential in crosses
between these groups.

Salinity Tolerance Evaluation of Selected
Lines

The evaluation of 54 selected genotypes under
12 dS/m salinity stress at the seedling stage
identified 11 highly tolerant lines (SES 3): six
restorer lines and five maintainer lines. This
represents a 20.4% success rate in recovering
highly tolerant lines from the selected
population, which is consistent with the
expected segregation patterns when crossing
moderately tolerant parents (Beulah et al., 2023;
Singh and Flowers, 2010). An additional 19
genotypes exhibited moderate tolerance (SES
5), providing a broader pool of genetic material
for further improvement through recurrent
selection or marker-assisted backcrossing.

The visual differences in seedling response to
salinity stress (Fig. 5) clearly distinguished
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tolerant genotypes (minimal leaf damage,
continued growth) from susceptible ones (severe
leaf scorching, stunted growth), validating the
SES scoring system as an effective phenotyping
tool. The susceptible checks BRRI dhan28 and
IR154 displayed severe stress symptoms,
confirming the effectiveness of the screening
protocol. The SES-based screening approach
has been widely used in rice breeding programs
and has proven reliable for identifying
salinity-tolerant donors and breeding lines
(Raghavendra et al., 2021; Beulah ef al., 2023;
Dolo et al., 2016).

The recovery of both highly tolerant and
moderately tolerant lines from the breeding
populations confirms the effectiveness of the
crossing strategy. The tolerant lines identified in
this study can serve as new parental lines for
hybrid rice breeding programs targeting
salt-affected ecologies, while moderately
tolerant lines can be used as donors in
marker-assisted backcrossing programs to
further enhance salinity tolerance (Niu et al,
2025; Thomson et al., 2010).

Molecular Confirmation of Fertility
Restoration and Maintenance Ability

The use of gene-based markers DRRM-R/3-5
(for Rf3) and DRCG-RF4-14 (for Rf4)
successfully differentiated restorer lines from
maintainer lines at the molecular level. The Rf3
gene on chromosome 1 and Rf4 gene on
chromosome 10 are the major fertility restorer
genes in rice, encoding pentatricopeptide repeat
(PPR) proteins that restore pollen fertility in
cytoplasmic male sterile (CMS) lines (Huang et
al., 2015). The clear banding patterns
observed-160 bp and 800 bp for restorer lines
versus 140 bp and 885 bp for maintainer
lines-enabled efficient classification of 24
genotypes as restorers and 27 as maintainers.
Molecular markers for Rf genes have been
extensively validated and are routinely used in
hybrid rice breeding programs to accelerate
parental line development (Huang et al., 2015;
Kumar et al., 2017; Tang et al., 2014). Studies
have reported marker efficiencies of 80-90% for
SSR and gene-based markers linked to Rf3 and
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Rf4, making them valuable tools for preliminary
screening of breeding materials (Kumar et al.,
2017; Sheeba et al, 2009). However, the
efficiency of these markers is not 100%,
necessitating phenotypic confirmation through
test cross evaluation (Tang et al, 2014;
Nagaraju et al., 2023).

Pollen Fertility Testing and Phenotypic
Validation

The test cross evaluation using I-KI staining
provided phenotypic confirmation of fertility
restoration and maintenance ability. Among the
27 BxB-derived lines tested, 25 produced 100%
sterile pollen in test cross Fls, confirming their
maintainer status, while two genotypes
(BBC14-4R-49 and HRB502-4R-181) showed
only 90-98% sterility and were discarded. This
discordance  between  molecular  marker
prediction and phenotypic expression highlights
the limitation of relying solely on molecular
markers for parental line classification (Tang et
al., 2014; Nagaraju et al., 2023).

Several factors may contribute to incomplete
sterility in putative maintainer lines despite
showing recessive alleles for both Rf3 and Rf4.
These include: (1) environmental effects on
pollen fertility expression (Li and Yang, 2007);
(2) allelic variation at the Rf loci that affects
restoration efficiency (Huang et al., 2009); and
(3) possible errors in marker scoring or DNA
quality issues. Similar observations have been
reported in other studies where marker-based
predictions did not perfectly align with
phenotypic fertility restoration, emphasizing the
need for combined molecular and phenotypic
selection (Tang et al., 2014; Nagaraju et al.,
2023; Kumar et al., 2016).

All 17 RxR-derived lines and 7 out of 12 tested
elite lines produced >80% fertile pollen in test
cross Fls, confirming their restorer status. The
threshold of >80% pollen fertility is commonly
used in hybrid rice breeding to classify effective
restorers when both Rf3 and Rf4 are present in
homozygous dominant condition (Kumar et al.,
2017). The five elite lines that failed to meet this
threshold were appropriately  discarded,
demonstrating the value of phenotypic



validation in eliminating false positives from
molecular screening. Among the selected 54
genotypes, six R lines (HRR271-4R-44,
HRR271-4R-46, HRR269-4R-36, BRI11716-
4R-102, BR11716-4R-108, RRC9-4R-31) have
SES 3 score (tolerant) and confirmed as new
restorer lines except BR11716-4R-102. Five B
lines HRB512-4R-108, HRBS513-4R-157,
HRB512-4R-129, HRBS503-4R-4, HRBS512-
4R-201 have SES 3 score (tolerant) and
confirmed as new maintainer (B) lines.

Implications for Hybrid Rice Breeding

The successful development of 25 new maintainer
lines (5 maintainer having SES 3) and 24 new
restorer lines (5 restorer having SES 3) with
combined salinity tolerance and desirable
agronomic traits represents a significant
achievement for hybrid rice breeding programs
targeting salt-affected areas. These parental lines
can be immediately utilized in hybrid
combination trials to develop salt-tolerant hybrids
with improved yield potential. The diversity
analysis revealed sufficient genetic divergence
among the selected lines to enable heterotic
grouping and systematic hybrid development.
The integration of phenotypic screening (SES
scoring, yield evaluation), molecular marker
analysis (Rf'gene markers), and statistical genetics
(BLUP, clustering) in this study exemplifies a
comprehensive and efficient approach to parental
line development. This multi-faceted strategy
maximizes selection efficiency while ensuring
that only lines with confirmed genetic and
phenotypic attributes are advanced (Niu et al.,
2025; Collard and Mackill, 2008). Future research
work should focus on: (1) evaluating the
combining ability of these parental lines through
line x tester analysis; (2) assessing salinity
tolerance at reproductive stage in addition to
seedling stage; (3) incorporating additional
trait-linked molecular markers for other important
traits such as grain quality, disease resistance, and
yield-related QTLs; and (4) conducting
multi-location trials to assess stability and
adaptability of salinity tolerance and yield
performance across diverse saline environments.

CONCLUSION

This study successfully developed 49 new
salinity-tolerant hybrid rice parental lines (25
maintainers and 24 restorers) through strategic
crossing of tolerant donor parents, BLUP-based
selection, and combined molecular-phenotypic
validation. The newly developed parental lines
need to be genotyped to identify which
mechanisms and underlying genes/QTLs
introgressed into the developed lines and
provided tolerances. The identified lines
exhibited diverse agronomic characteristics,
grouped into three distinct clusters representing
different growth duration-yield contributing
ideotypes. The integration of SES-based salinity
screening with molecular marker analysis for Rf
genes proved effective, though phenotypic
validation through test cross pollen fertility
testing is crucial for confirming parental line
classification. Overall, these newly developed
parental lines provide valuable genetic resources
for breeding salinity-tolerant hybrid rice
varieties suited to salt-affected ecologies.
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Genetic Diversity of Agro-morphological
Traits and Blast Disease Reaction in Elite Rice
Genotypes for Hybrid Breeding
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ABSTRACT

Global rice production faces enormous challenges from climate-induced abiotic and biotic stresses,
with rice blast disease caused by the fungus Pyricularia oryzae posing a major threat to yield and
food security. Developing and deploying rice cultivars with resistance to blast disease remains the
most effective and sustainable approach to mitigate this constraint. To identify potential sources of
resistance, a study was conducted during 2022-2023 focusing on the development of hybrid rice
parental lines. Out of 43 genotypes evaluated, 18 exhibited resistance to a virulent blast isolate,
while the remaining 25 showed susceptible reactions. Agro-morphological traits such as plant
height, panicle length, days to maturity, number of effective tillers, total spikelets per panicle, filled
grains per panicle, spikelet fertility percentage, grain yield per hill, and notably the blast disease
severity score, were key contributors to phenotypic variability among these genotypes. Based on
these traits, the genotypes were categorized into five distinct clusters. Principal component analysis
revealed that the first three components explained 67.45% of the total variation. Genotypes G22
(IR126055-46-3-2-B), G13 (BHR362- 8-6-5-26-9), G11 (BHR360- 86-41-7-26-1), and G10
(BHR359-11-30-7-2) from cluster III exhibited high yield potential, whereas genotypes G42
(IR127278-114-3-3-2), G38 (BHR383-53-8-13-1-1), and G43 (BR9390-6-2-2-1) from cluster IV
showed notable blast resistance, underscoring their value for hybrid rice development programs. To
employ these traits, genotypes from the aforementioned clusters could be made testcross with
promising CMS (Cytoplasmic Male Sterile) lines that would offer a good scope to explore the source
of high yielding and blast resistance elite restorer or maintainer lines. These findings offer valuable
insights for rice breeders aiming to develop high yielding and blast-resistant hybrid varieties tailored
to the agro-ecological conditions of Bangladesh.

Keywords: Genetic diversity, cluster, PCA, blast disease

INTRODUCTION

Rice serves as the primary food source for over
half of the world’s population, contributing
significantly to daily energy and protein intake;
hence, ensuring its sustainable production is
vital for global food security (Saha et al., 2021).
To address the challenges posed by population

growth, climate change, and limited arable land,
hybrid rice has emerged as a key technological
innovation. Hybrid rice consistently
demonstrates a yield advantage of 15-20% over
conventional varieties (Virmani et al., 2001;
Yuan, 2017). However, rice production faces
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significant challenges due to climate-related
disruptions, which often trigger a combination
of abiotic and biotic stresses. Among the biotic
stresses, rice blast disease caused by the fungus
Pyricularia oryzae is one of the most
devastating diseases, leading to major yield
reductions and threatening global rice
production (Salleh et al., 2022; Yadav et al.,
2017). This disease severely affects aromatic
and hybrid rice varieties, resulting in substantial
crop losses (Ye et al., 2025; Nalley et al., 2016).
The development of rice hybrids is a key
strategy for overcoming the yield plateau, as
hybrid rice often demonstrates superior
performance due to heterosis (hybrid vigor)
(Nivedha et al., 2024). For an effective hybrid
breeding program, it is essential to first identify
and select genetically distinct parental
genotypes. Crossing these lines must be aimed at
maximizing desirable traits in the offspring
(Nivedha et al., 2024). Consequently, a thorough
evaluation of these elite genotypes is crucial,
particularly by assessing their disease resistance
alongside numerous yield and yield-related
characteristics. Assessing rice germplasm for
desirable traits is a complex endeavor, as key
agronomic features like grain yield, plant height,
and tiller number are polygenic and strongly
influenced by environmental interactions (Wang
et al., 2024; Deepika et al., 2021). Similarly,
blast resistance is governed by multiple genes
whose effectiveness may vary in durability and
expression (Debnath et al., 2018; Yadav et al.,
2017).

Multivariate statistical tools, including Principal
Component Analysis (PCA) and cluster
analysis, play an important role in breeding
programs. These methods help in evaluating
trait variability, identifying key contributors to
genetic divergence, and grouping genotypes
based on overall similarity (Deepika et al., 2021;
Nivedha et al., 2024). Integrating these
approaches enables breeders to efficiently select
elite genotypes that are both high-yielding and
blast-resistant, thereby improving the precision
of parental selection (Salleh et al., 2022).
Although chemical treatments and antibiotics
are available to manage blast disease, they pose
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risks to human health and the environment. In
contrast, the use of resistance (R) genes offers a
safer and more sustainable alternative, providing
broad-spectrum and long-lasting protection.
Identifying resistant sources through systematic
screening is a critical step in breeding programs
aimed at developing durable blast-resistant
varieties. A genetically diverse gene pool is
essential for initiating such programs
(Sivaranjani et al., 2010; Nihad et al., 2020).
Genetic diversity analysis evaluates the genetic
distance among the selected genotypes and
shows the relative contribution of evaluated
traits towards the total divergence (Falconer,
1960). Several researchers have used
agro-morphological traits for diversity analysis
and characterization of Bangladesh rice
germplasm accessions (Siddique et al., 2011,
Banik ef al., 2012; Khalequzzaman et al., 2012;
Baktiar ef al., 2013; Siddique ef al., 2013; Islam
et al., 2014; Ahmed et al, 2015a, 2015b;
Kulsum et al., 2015; Akter et al., 2016; Biswash
et al., 2016; Siddique et al., 2016a; Akter ef al.,
2017; Islam et al., 2017; Akter et al., 2018;
Islam et al., 2018; Siddique et al., 2018; Islam et
al., 2019; Muti et al., 2020; Khalequzzaman et
al., 2022a; Khalequzzaman et al., 2023). Hence,
this study aims to evaluate elite rice genotypes
to identify promising sources of blast resistance
and to initiate testcross program for the
identification of restorer and maintainer lines for
developing blast resistant heterotic hybrid rice
varieties.

MATERIALS AND METHODS

The experimental materials consisted of 43 elite
rice (Oryza sativa L.) genotypes. Nine advanced
breeding lines- IR126055-46-3-2-B,
IR126066-85-5-2-1, IR126069-48-3-2-2,
IR126076-67-3-2-3-4,  IR126037-59-3-2-3-4,
IR126072-83-3-3-1, IR126076-122-1-1-2,
IR127278-152-1-3-1 and IR127278-114-3-3-2
originated from the Hybrid Rice Development
Consortium (HRDC), International Rice
Research Institute (IRRI), Philippines. All
advanced materials were obtained from the
Hybrid Rice Division, Bangladesh Rice
Research Institute (BRRI), Gazipur. The



genotypes code, genotypes/ advanced lines
name and blast disease reactions are provided in
Table 1.

Evaluation of leaf blast disease resistance

To assess blast disease reaction, the genotypes
were grown from October to December 2022 in
a randomized complete block design (RCBD)
with three replications at the Blast Nursery of
Plant Pathology Division, BRRI, Gazipur. A
sowing frame was used to place 5—7 seeds per
genotype per grid. The highly susceptible check
variety US2 was planted along the borders of
each bed to serve as a disease severity
benchmark.  Artificial  inoculation  was
performed using a spore suspension of the
virulent isolate U23-i7-k177-z06-ta423 of
Pyricularia oryzae (Khan et al., 2016). At the
4-5 leaf stage (21 days after sowing), seedlings
were sprayed with a spore solution adjusted to
3-8 x 10* spores/mL. Meteorological data for
the experimental period (October to December,
2022) were obtained from the meteorological
station of the Bangladesh Rice Research
Institute (BRRI), Gazipur. Monthly average air
temperatures for October, November, and
December were 29.2°C, 25.3°C, and 21.9°C,
respectively. Relative humidity ranged from
62.1% to 74.0%. Rainfall was recorded only in
October (9 mm), with no precipitation in
November and December. To promote infection,
nursery beds were covered with polythene
sheets and misted using a sprinkler system to
maintain humidity levels above 80% for six
consecutive days. Disease scoring was initiated
once the susceptible check (US2) showed severe
blast symptoms. Leaf blast disease severity was
recorded from three seedlings per genotype
using the 0—5 JIRCAS rating scale (Hayashi and
Fukuta, 2009). A score of 0 indicated no visible
symptoms, while 5 represented spindle-shaped
lesions exceeding 3 mm in diameter with lesion
coalescence. scores between 0 and 2 were
considered as resistant, whereas scores from 3 to
5 were categorized as susceptible.

Evaluation of agro-morphological traits
The 43 genotypes were transplanted for

agro-morphological assessment during the Boro
2023-24 season at the research farm of Hybrid
Rice Division, Gazipur. The field experiment
followed an RCBD layout with three
replications. Thirty-day-old seedlings were
transplanted at a spacing of 20 x 20 cm between
rows and 15 x 15 cm between plants, using one
seedling per hill. Fertilization included Urea,
TSP, MP, Gypsum, and ZnSO4 were applied at
the rates of 270:130:120:70:10 kg/ha,
respectively. All fertilizers except urea were
applied during final land preparation. Urea was
top-dressed into three equal splits: at 15 days
after transplanting (DAT), 30 DAT (tillering
stage), and 45 DAT (just before panicle
initiation). Standard agronomic practices
recommended by BRRI for irrigated rice were
strictly followed. Eight agro-morphological
traits were recorded during field evaluation,
based on observations from ten randomly
selected plants for each genotype. The data were
recorded of the following characters: Days to
maturity (DM), Plant height (PH), Effective
tillers per hill (ETPH), Panicle length (PL),
Filled grains per panicle (FGPP), Total spikelets
per panicle (TSPP), Spikelet fertility (SF %) and
Grain yield per hill (GYPH).

Statistical analysis

Correlations, principal component and cluster
analyses were done through several programme
packages using R studio. The clustering was
performed using the Ward’s method, and
correlation analysis was conducted through
Pearson’s test using R programming language.
For data visualization and multivariate analysis,
the R packages ggplot2, FactoMineR,
Factoextra, and ggrepel were employed, while
clustering procedures were further supported by
Factoextra and cluster packages. To illustrate
phenotypic correlation matrices, a heatmap was
generated using the metan package in R Studio.
Descriptive statistics for the nine evaluated traits
were generated using the Statistical Tool for
Agricultural Research (STAR, version 2.0.1;
IRRI, Philippines).
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Table 1.

List of the materials used in the study with leaf blast reactions.

Code Genotype DR Code Genotype DR
Gl BHR350-4-12-3-1-2 S G23 IR126066-85-5-2-1 S
G2 BHR351-50-22-3-2-2 S G24 IR126069-48-3-2-2 S
G3 BHR352-22-4-7-2 R G25 IR126076-67-3-2-3-4 R
G4 BHR353-39-21-4-3 S G26 IR126037-59-3-2 -3-4 S
G5 BHR354-55-27-9-2 R G27 BHR372-8-11-1-1-1 S
G6 BHR355-5-26-7-3 R G28 BHR373-8-65-22-29-10 S
G7 BHR356-13-20-3-4 S G29 BHR374-90-9-2-8-15 S
G8 BHR357-19-29-4-3 S G30 BHR375-6-5-26-21-2 S
G9 BHR358-12-11-7-2 S G31 BHR376-B-6-52-6-10 S
G10  BHR359-11-30-7-2 S G32 BHR377-60-81-9-34-2 S
G11  BHR360- 86-41-7-26-1 S G33 BHR378-12-13-1-1-1 R
G12  BHR361-8-65-2-6-4 R G34 BHR379-6-15-10-1-1 R
G13  BHR362- 8-6-5-26-9 R G35 BHR380-26-1-8-1-1-2 R
G14 BHR363-86-52-6-4-7 S G36 BHR381-66-11-9-1-1 S
G15 BHR364-86-5-26-14 S G37 BHR382-50-3-3-1-1 S
Gl16  BHR365-76-90-2-11 R G38 BHR383-53-8-13-1-1 R
G17  BHR366-126-4-2-2 R G39 IR126072-83-3-3-1 R
G18  BHR367-18-2-1-14-1 S G40 IR126076-122-1-1-2 S
G19 BHR368-5-B-16-2 S G41 IR127278-152-1-3-1 R
G20  BHR369-6-55-16-1 S G42 IR127278-114-3-3-2 R
G21  BHR370-51-8-1-3 R G43 BR9390-6-2-2-1 R

G22  IR126055-46-3-2-B

=

Legend: HRD= Hybrid Rice Division, BRRI= Bangladesh Rice Research Institute, HRDC= Hybrid Rice
Development Consortium, IRRI= International Rice Research Institute, DR= Disease Reaction, R=Resistance,

and S=Susceptible.

RESULTS

Reaction of genotypes to blast isolates
Following screening, 18 genotypes showed
resistant reactions and 25 genotypes showed
susceptible reactions (score 3-5) to the blast
isolate (Table 1).

Pearson’s correlation coefficient

Correlation analysis revealed the relationships
among the studied traits to take decision in
designing an effective breeding strategy. As
shown in Fig. 1, grain yield per hill (GYPH) was
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significantly and positively correlated with
spikelet fertility (SF%) (0.52**%*) and effective
tillers per hill (ETPH) (0.31%*). Total spikelets
per panicle (TSPP) displayed a highly
significant and positive correlation with filled
grains per panicle (FGPP) (0.90***). Panicle
length (PL) showed a strong positive correlation
with and plant height (PH) (0.84***) and days to
maturity  (DM)  (0.33*). FGPP  had
non-significant positive correlation with GYPH
(0.14). PH had significant but negative
correlation with SF (-0.34%*).
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Fig. 1. Pearson’s correlation analysis of the studied traits.

Principal Component Analysis (PCA)

Principal Component Analysis (PCA) is a
widely used multivariate statistical method for
distinguishing genotypes based on trait
variation. Fig. 2 and 3 illustrate the eigenvalues
and the proportion of total phenotypic variance
accounted for by each principal component
among elite rice genotypes. Out of nine

components, only three exhibited eigenvalues

greater than 1, collectively explaining
approximately 67.45% of the total trait
variability (Fig. 2). The first principal

component (PC1) accounted for the largest share
of variance at 26.59%, followed by PC2 with
20.90%, and PC3 with 19.96% (Fig. 3).
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Fig. 2. Principal component analysis of elite rice genotypes showing eigenvalues and their contribution.
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Analysis of principal components and their
corresponding vector loadings (Table 2)
revealed that PC1 was strongly influenced by
panicle length (0.75), plant height (0.74), days to
maturity (0.54), effective tillers per hill (0.40),
and grain yield per hill (0.23), all contributing
positively. PC2 showed positive associations
with total spikelets per panicle (0.82), filled

grains per panicle (0.77), panicle length (0.50),
plant height (0.49), days to maturity (0.22), and
grain yield per hill (0.20). PC3 was primarily
influenced by spikelet fertility percentage
(0.85), grain yield per hill (0.78), effective tillers
per hill (0.40), and filled grains per panicle
(0.24).

Table 2. Contribution of variability of the first three principal components.

Variable

Days to maturity (days)

Plant height (cm)

Effective tillers per hill (count)
Panicle length (cm)

Filled grains per panicle (count)

Total spikelets per panicle (count)
Spikelet fertility percentage (percent %)
Grain yield per hill (g)

Disease severity score (ordinal values)
% of explained variances

Cumulative % of variances

PC1 PC2 PC3
0.54 0.22 0.18
0.74 0.49 -0.27
0.40 -0.21 0.40
0.75 0.50 -0.15
-0.57 0.77 0.24
-0.49 0.82 -0.12
-0.21 -0.01 0.85
0.23 0.20 0.78
0.42 0.06 0.31
26.59 20.90 19.96
26.59 47.49 67.45
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Score).

A two-dimensional PCA biplot (Figure 4) was
generated using principal component scores to
visualize the extent and direction of trait
contributions across components. The first
dimension (Dim1) accounted for 26.6% of the
total variation, while the second dimension
(Dim2) explained 20.9%. Traits were grouped
into two major components: Dim1 was primarily
linked to GYPH, PL, and PH. These traits had
long vectors and high cos? values, indicating
strong influence. The Dim2 captured variation
associated with TSPP and FGPP, which also
showed strong contributions. Traits like SF,
ETPH, and disease severity score (DSS) had
shorter vectors and lower squared cosine values,
indicating minimal representation in these two
dimensions. Genotypes G22, G13, G11, G8,

G12, G29, G20, G17, and G18 were positioned
close to the grain yield vector, suggesting
potential for yield-related traits. Genotypes G360,
G37, G38, and G15 showed strong associations
with TSPP and FGPP. The vector for DSS points
towards the positive Dim1 and slightly positive
Dim2 direction. Genotypes located opposite to
the DSS vector (arrow) in the PCA biplot
especially those farthest from it are likely to
have low disease severity scores and are ideal
candidates for blast resistance. In relation to the
DSS vector, the genotypes G7, G6, G42, G2,
G3, G38, G43 and G5 are the promising
candidates for blast resistance and could be
prioritized for breeding programs. Notably,
genotypes G22, G13, G11, and G10 emerged as
top performers for overall yield, while G10
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showed strong expression of traits aligned with
Dim2.

Trait Characterization

Descriptive statistics outlining the genetic
variation among traits are presented in Table 3.
Days to maturity among the genotypes ranged
from 132 days (G38) to 162 days (G37). Plant
height varied between 84 cm (G6) and 127 cm
(G22). The number of effective tillers ranged
from 5 (G38) to 10 (G23, G24, G33, G40).

Panicle length extended from 19 cm (G7) to 27
cm (G10-G13, G17). Filled grains per panicle
ranged between 95 (G19) and 255 (G36), while
total spikelet’s per panicle varied from 115
(G19) to 294 (G36). Spikelet fertility
percentages spanned 66% (G42) to 97% (G7).
Grain yield per hill ranged from 15 g (G30) to 41
g (G5). Disease severity scores varied from 0
(GS, G7, G10, G19, G26, G30, G36, G38, G42)
to 5 (G14, G16).

Table 3. Descriptive statistics for nine agro-morphological traits of 43 rice genotypes.

SL No.  Variable Mean Min  Max SD SE

1 Days to maturity (days) 149.51 132 162 7.07 0.82
2 Plant height (cm) 104.88 84 127 10.29 1.49
3 Effective tillers per hill (count) 7.79 5 10 1.25 0.18
4 Panicle length (cm) 23.28 19 27 2.5 0.35
5 Filled grains per panicle (count) 169.77 95 255  35.04 5.47
6 Total spikelets per panicle (count) 200.98 115 294 41.18 6.96
7 Spikelet fertility percentage (percent %) 84.88 66 97 7.59 1.23
8 Grain yield per hill (g) 27.91 15 41 6.47  0.94
9 Disease severity score (ordinal values) 1.81 0 5 1.5 0.24

Cluster analysis

Based on multivariate analysis of nine studied
traits, the 43 genotypes were classified into five
separate clusters (Table 4 and Fig. 5). Cluster III

encompassed the largest number of genotypes
(11). Clusters I and IV each comprised 10
genotypes. Clusters II and V were the smallest,
with six genotypes in each.

Table 4. Arrangement of 43 genotypes in different clusters.

Name of the Number of Name of the genotypes code

cluster genotypes

I 10 Gl1, G4, G14, G17, G18, G27, G29, G32, G35, G40

11 6 G2, G3, G5, Go6, G7, G8

I 11 G9, G10, G11, G12, G13, G17, G20, G21, G22, G26, G34
v 10 G15, G28, G30, G31, G36, G37, G38, G41, G42, G43

\Y 6 G19, G23, G24, G25, G33, G39
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Fig. 5. Illustration of an un-rooted phylogenic tree among 43 rice genotypes based on Euclidean distance.

The mean performance of nine characters across
five distinct clusters is presented in table 5.
Notable differences were observed among
clusters for most traits. Cluster V recorded the
highest averages for days to maturity (154.17
days) and effective tillers per hill (9.00). Cluster
IV showed the greatest mean values for filled
grains per panicle (196.3) and total spikelets per

panicle (241.2), along with the lowest disease
severity (0.7), indicating strong resistant to
blast. Cluster III exhibited the highest averages
for panicle length (26.27 cm) and grain yield per
hill (33.36). Spikelet fertility percentage peaked
in Cluster II (94.50%). Meanwhile, Cluster I had
the lowest average plant height (105.6 cm).

Table 5. Cluster means value of nine characters in the studied materials.

Characters Cluster I ~ Cluster I Cluster Il Cluster [V Cluster V
Days to maturity (days) 150.20 142.50 152.73 146.70 154.17
Plant height (cm) 105.6 89.83 115 101.9 105.17
Effective tillers per hill (count) 7.7 7.83 791 7 9
Panicle length (cm) 23.2 19.83 26.27 22.1 23.33
Filled grains per panicle (count) 164 175 178.27 196.3 114.33
Total spikelets per panicle (count) 195.6 185.5 208.64 241.2 144.33
Spikelet fertility (%) 83.7 94.5 87.18 81.2 79.17
Grain yield per hill (g) 28 32.83 33.36 20.6 25
Disease severity score (ordinal values) 3.8 1.17 1.82 0.7 1

Table 6 presents both intra- and inter-cluster
distances among the five identified clusters. The
intra-cluster distances varied from 2.69 to 3.77,
with Cluster III showing the lowest internal

variation and Cluster V exhibiting the highest
variation. Regarding inter-cluster relationships,
the highest distance was observed between
Cluster I and Cluster V (D? = 5.09), indicating
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substantial genetic divergence. This was
followed by distances between Cluster [ and IV
(D? =4.90), Cluster III and IV (D?* = 4.77), and
Cluster IV and V (D? = 4.65). The smallest
inter-cluster distance was recorded between

Cluster II and Cluster III (D? = 3.55). These
results highlight considerable diversity among
the clusters, which is beneficial for selecting
genetically distinct genotypes in hybrid rice
breeding programs.

Table 6. Intra- (Italic) and Inter- cluster divergence of 43 rice genotypes.
Cluster I Cluster 11 Cluster III Cluster IV Cluster V

Cluster I 3.01 4.13 4.4 4.90 5.09

Cluster I1 2.96 3.55 4.27 4.38

Cluster IIT 2.69 4.77 4.64

Cluster IV 2.72 4.65

Cluster V 3.77
DISCUSSION key traits for selecting superior genotypes from

Grain yield in rice is a complex quantitative trait
influenced by numerous factors. These include
indirect contributors such as plant height,
growth duration, effective tiller number, panicle
length, and seed setting percentage as well as
direct factors such as panicle number, grains per
panicle, filled grains and thousand-grain weight
(Sakamoto & Matsuoka, 2008; Huang et al.,
2011). Due to this complexity, direct selection
for yield traits can be challenging and
time-intensive. In contrast, selecting traits that
are strongly correlated with yield offers a more
efficient and practical approach (Ahmadikhah et
al., 2008). The variation among the evaluated
genotypes reflected a distinct interaction
between blast resistance and genotypes. Some
genotypes demonstrated strong resistance, while
others showed susceptible reactions. These
contrasting reactions emphasize that blast
resistance varies across genotypes and is
governed by both resistance genes and
responsiveness to pathogen pressure. Such
findings are valuable for breeding programs, as
they help identify genotypes with more
consistent resistance under pathogen pressure,
thereby supporting the development of durable
blast resistant hybrid cultivars.

Principal Component Analysis (PCA) revealed
three components with eigenvalues of 2.39,
1.88, and 1.80, accounting for 26.59%, 20.90%,
and 19.96% of the total variance, respectively.
These components are essential in identifying
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diverse breeding populations, as supported by
findings from Majid et al. (2013) and Akhtar et
al. (2022). Understanding the relationships
among yield components is essential for
effective genotype selection in breeding
programs. Correlation analysis plays a vital role
in pinpointing traits that significantly impact
yield, guiding breeders in prioritizing traits for
improvement  (Eriksson et al, 2018).
Correlation analysis revealed a significant
positive association between SF (%) and GYPH
implies that the higher the fertility rate, the
higher the grain yield. Bist et al. (2025) and
Bhadru et al. (2012) stated that the lower the
sterility rate, the higher the grain yield. A
significant positive correlation between grain
yield and number of effective tillers per hill was
stated by Islam et al. (2025) and Gupta et al.
(2023), Debsharma et al. (2020) and Kohnaki et
al., (2013). FGPP was positively correlated with
GYPH. The positive connection of GY with
FGPP was reported by Perween et al., (2020)
and Kohnaki et al, (2013). These results
indicate that selection for these traits could
effectively enhance grain yield in the evaluated
rice genotypes. Integrating these traits into
breeding will speed up the development of
high-yielding rice cultivars to meet national
food demand. The number of FGPP had a highly
significant and positive correlation with TSPP
was reported by Ara et al, (2023). A highly
significant and positive correlation between PL



and PH also stated by Galib et al. (2025).
Similarly, the findings of positive correlation
between PL and DM corroborate with Bist et al.,
(2025). The FGPP was not significantly
correlated with GYPH; similar to the results of
Lietal, (2019).

PCA and cluster analysis are effective tools for
assessing variability in quantitative traits and
identifying high-performing genotypes
(Sawarkar et al., 2025). PCA helps reduce data
dimensionality ~while retaining maximum
variability, allowing genotypes to be ranked
based on component scores (Shoba ef al., 2019).
Similar patterns of variation were reported by
Kumar et al. (2021), who found 31.848% and
19.553%  variation in PCl and PC2,
respectively, using 119 rice breeding lines.
PCA-based clustering revealed substantial
genetic diversity and trait associations, which
are crucial for targeted breeding efforts. The
PCA biplot (Fig. 4) highlighted key traits
driving variability and genotype differentiation,
consistent with studies by Chiquet et al. (2018)
and Saha et al., (2022). Traits near the origin
contributed little to wvariance, and clustered
genotypes  indicated  strong  phenotypic
associations (Kose et al., 2018). Notably, our
analysis indicated a robust association among
GYPH and a cluster of agronomic traits,
including PL, PH, ETPH, DM and DSS as
evidenced by the acute angles by their respective
dimension vectors. The association between
GYPH and PH suggests a compact plant
architecture with shorter stature and more tillers
or panicles, which can reduce lodging risk and
improve yield stability (Hairmansis ef al., 2010;
Avakyan & Dzhamirze, 2018). Similarly, the
angle between GYPH and DM implies that
longer growth periods may enhance yield
through increased biomass and grain filling
(Al-Karaki, 2012). Genotypes G22, G13, Gl1,
G8, G12, G29, G20, G17, and G18 were closely
aligned with the GYPH vector, indicating their
potential as high-yielding candidates for direct
selection or use in breeding programs. Rao et al.
(2021) and Prakriti et al. (2017) documented
variability in rice germplasm, with panicle
length ranging from 16-33.9 cm and 21.7-29.6

cm, respectively. In a more recent study, Sultana
et al. (2025) reported trait ranges in T. Aman
rice, including effective tillers per hill
(10.03-13.05), panicle length (21.82-23.0 cm),
sterile spikelets per panicle (12.65-13.05), and
grains per panicle (123.53-141.33).

Cluster analysis grouped the 43 genotypes into
five distinct clusters. This classification revealed
substantial ~genetic diversity among the
genotypes, particularly in traits related to yield
and disease resistance. The genotypes
demonstrated a wide range of variability, with
several unique entries showing potential for use
in breeding programs. Different authors reported
that genetic diversity among different rice
genotypes has been classified into distinct
cluster groups. For instance, Girma et al. (2018)
grouped 64 genotypes into six clusters using
seven yield-related traits. Bekis et al. (2021)
classified 30 lowland rice genotypes into five
clusters based on 17 morphological and yield
traits, while Worede et al. (2014) divided 24
upland rice genotypes into two clusters using 17
morpho-agronomic traits. The phylogenetic tree
further illustrated the genetic relationships and
diversity among the cultivars. Such clustering is
instrumental for breeders in selecting
genetically distant parents for developing
hybrids with enhanced yield potential and
resistance to blast disease. The insights gained
from this study contribute to breeding strategies
aimed at meeting the evolving demands of
agriculture and consumers.

The cluster mean value indicated that neither
any cluster contained the genotypes with all
desirable traits which could be selected and
utilized directly in the crossing program of
hybrid rice breeding. Thus, hybridization
between different clusters is needed to develop
desirable genotypes. The analysis of cluster
distance revealed that the inter-cluster distances
were higher than the intra-cluster distance
indicating wider genetic diversity among the
genotypes of different groups. The above result
indicated that the genotypes included in the
cluster I and cluster V were more diverse than
the genotypes of others cluster. Therefore,
genotype selection for hybridization from the
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cluster I and V may give the desirable heterosis
for heterotic rice hybrids. The genotypes under
cluster IV having lower DSS values. So, the
genotypes of this cluster could be used as a male
parent of testcross program for identifying blast
resistant maintainer or restorer lines. These
results are in agreement with those of Khan ez al.
(2014) and Latif et al., (2011). Genotypes of
distantly located clusters were suggested to use
in hybridization programs for obtaining a wide
spectrum of variation among the segregates as
suggested by Yadav ef al. (2011) and Latif ef al.,
(2011). The present study provided important
information for blast resistance at the seedling
stage, but it may not fully represent responses at
reproductive stages. Similarly, the
morphological traits are influenced by
environmental factors; therefore, assessment of
morphological traits in a single environment
potentially confounds only genetic effects. So,
phenotypic screening with molecular markers at
both the seedling and reproductive stages
alongside multi-location or multi-season trials
would facilitate the identification of stable and
broad-spectrum resistance.

CONCLUSION

Multivariate analyses of nine quantitative traits
were performed to determine the genetic
diversity of 43 genotypes, which were grouped
into five different clusters. The 67.45% variation
was explained by the first three primary axes.
Cluster III and IV represent high yielding and
disease resistant cluster, respectively. So,
testcrosses could be made of the aforementioned
clusters with promising CMS line that would
offer a good scope to identify blast-resistant and
high yielding elite restorer or maintainer lines.
The study revealed that blast resistance varied
among genotypes, reflecting genetic differences
in resistance genes and pathogen
responsiveness. Future research should focus on
validating these findings across diverse
environments and pathogen populations, as well
as integrating molecular markers (SSR or SNP)
to identify genes for blast resistance (R-genes),
fertility restoration (Rf), wide compatibility
(WC), identifying yield QTLs and heterotic loci
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for greater heterosis and introducing them into
the background of hybrid parental genotypes to
accelerate the rate of heterosis for hybrid rice
breeding program.
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Diversity of Pathogenicity Among Rice Blast
Fungus (Pyricularia oryzae) Isolates in
Bangladesh

M S Mian', T H Ansari', M A T Mia', I H Mian? and I R Choi?

ABSTRACT

A study was undertaken to determine the pathogenic and the genetic diversity of Pyricularia oryzae
isolates causing blast disease of rice in Bangladesh. To find out pathogenic diversity of P. oryzae,
100 blast pathogen isolates were collected from five agro ecological zones (AEZ) abbreviated as
AEZ23,AEZ19, AEZ13, AEZ28 and AEZ2 of Bangladesh. They were tested for their pathogenicity
against 26 rice (Oryza sativa L.) differential varieties (DVs) having 23 resistance genes designated
as Pish, Pib, Pit, Pia, Pii, Pi3, Pi5(t), Pik-s, Pik-m, Pil, Pik-h, Pik, Pik-p, Pi7(t), Pi9, Piz, Piz-5,
Piz-t, Pita-2, Pita, Pil12(t), Pil9, and Pi20(t). The virulence analysis showed that four genes, Pish,
Pi9, Piz and Pita-2 revealed a wide spectrum of moderate resistance to those isolates. The isolates
were categorized into 94 races on the basis of the reaction patterns against rice differential varieties
harboring twenty-three resistance genes and one susceptible variety, Lijiangxintuanheigu (LTH) by
latest designation system. The findings demonstrate the existence of a wide variation in blast
pathogens in Bangladesh. The average virulence of isolates from individual AEZ reveals that the
maximum virulent isolates occur in AEZ2 (67%) followed by AEZ19 (63%) and AEZ28 (55%).
Moreover, 100 Pyricularia oryzae isolates were grouped into five clusters viz. I, II, III, IV and V
based on the results of the pathogenicity on 26 differential varieties including LTH on the basis of
principal component analysis. Cluster I comprised of 18 isolates, Cluster II contained maximum of
31 isolates and cluster III contained 16 isolates. Twenty three isolates were placed in cluster IV and
12 isolates belonged to cluster V. The average virulence frequency of five Cluster I, II, ITI, IV and V
showed 50%, 63%, 57%, 59% and 56% respectively. The findings of the present study reveal that
the monogenic lines selected as differential varieties and the representative 25 blast pathogen
isolates may be used to characterize the resistance of rice varieties.

Keywords: Rice blast fungus, Diversity of pathogenicity, Pyrcularia oryzae

INTRODUCTION

About half of the world's population relies on
rice to achieve their daily caloric requirements
(Wennberg, 2014). According to severity and
incidence, 32 rice diseases have been identified
in Bangladesh to far, blast (Nihad ef al., 2022),
bacterial blight (Latif ef al., 2024a; Nihad et al.,
2021), sheath blight (Latif e al., 2022), tungro
(Nihad et al., 2021) and false smut (Nessa et al.,

2015) considered as catastrophic disease
throughout the nation. Rice blast caused by the
fungal pathogen Pyricularia oryzae (telemorph:
Magnaporthe grisea (Hebert) Barr.) is one of the
most important diseases of rice in worldwide
(Latif et al., 2024b; Nihad et al., 2022; Zeigler et
al., 1994). The use of resistant varieties is the
most practical and economical method to control
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blast disease. But availability of effective blast
resistant variety is limited due to breakdown of
resistance by blast pathogen races virulent
against the resistance (Koizumi, 2007). The
dynamic interaction between host resistance and
fungus virulence in the rice blast pathosystem
can be explained by the gene-for-gene theory
that every resistance gene in the host is
corresponding with avirulence gene in the
pathogen (Flor, 1971, Silue et al., 1992). With
the basis of the gene-for-gene theory, differential
varieties and lines with various resistance genes
against rice blast fungus have been developed to
monitor the blast pathogen population structure
and predict the emergence of new races P
oryzae.

The diversity of pathogenicity of blast pathogen
isolates has been examined in many countries
including Bangladesh, Indonesia, and China
using differential varieties and lines. Over 100
blast resistance genes have been identified
globally (Shahriar et al., 2020; Yadav et al,
2019), with Pi9 and PbI being the most
prevalent. The Pbl gene, effective against a
broad range of blast pathogen races, has
demonstrated sustained resistance against
panicle blast for over 35 years in Korea (Inoue et
al., 2017; Lee et al., 2015b). Notably, Pi9 and
Pb1 have also been shown to be effective against
blast pathogen races in Bangladesh (Khan et al.,
2016; Nihad et al., 2022). Noda et al. (1999)
identified 12 blast pathogen races among 129
isolates collected from the Mekong River Delta
area in Vietnam using 12 Japanese differential
varieties carrying one of the resistance genes
against blast pathogen (Yamada et al., 1976;
Kiyosawa, 1981; Kiyosawa et al, 1984).
Mekwatanakarn et al., (2000) classified 527
blast pathogen isolates from Thailand into 175
races using differential near-isogeneic lines
(NILs) developed from cultivars CO 39 and
Lijiangxintuanheigu (LTH). Thinlay ef al,
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(2000) collected 110 isolates in Bhutan, and
classified them into 53 races on the basis of the
reactions of CO 39-based differential NILs.
Chen et al., (2001) collected 792 isolates in
China, and classified them into 344 races using
differential NILs derived from CO 39 and LTH.
The pathogenicity of 119 blast pathogen isolates
collected from the Philippines were categorized
into 70 races (Telebanco-Yanoria et al., 2008)
using 18 Japanese differential varieties (Yamada
et al., 1976; Kiyosawa 1981, Kiyosawa et al.,
1984). These studies indicated that the
variations in pathogenicity of blast fungus can
be manifested by examining the reactions of
differential varieties and lines to the pathogens.

In Bangladesh, blast disease severely affects rice
production, especially that in rainfed lowland
(July to December) and irrigated land
(November to May) ecosystems (Nihad et al.,
2022; Islam et al, 2001). In this study we
examined the reactions of 25 monogenic lines
carrying different resistance genes to P. oryzae
isolates occurring in Bangladesh to find out
variation in pathogenicity of the P oryzae
isolates, and to identify dominant races and
resistance genes potentially effective to blast
disease in Bangladesh.

MATERIALS AND METHODS

Differential lines for blast fungus isolates. The
25 differential monogenenic lines derived from
LTH were used to evaluate the pathogenicity of
blast fungus isolates (Tsunematsu et al., 2000).
Each of the 25 monogenic lines contains one of
the 23 resistance genes, Pish, Pib, Pit, Pia, Pii,
Pi3, Pi5(t), Pik-s, Pik-m, Pil, Pik-h, Pik, Pik-p,
Pi7(), Pi9, Piz, Piz-5, Piz-t, Pita-2, Pita,
Pil2(), Pil9, or Pi20(t) (Table 1). LTH and a
local variety, Nizersail of our native
environmental check, were also included as
susceptible controls in the evaluation.



Collection and isolation of blast pathogen
isolates. Rice leaves, nodes and panicles
infected with blast fungus were collected from 5
agro ecological zones (AEZs) of Northern
(AEZ2), Barisal (AEZ13), Comilla (AEZ19),
Chittagong (AEZ23) and Gazipur regions
(AEZ28) of Bangladesh during Aman (80
isolates) and Boro (20 isolates) 2010 to 2012.
The samples were cut into small pieces, and
surface was sterilized in 0.001% HgClz. The
sterilized samples were placed on moist filter
paper in Petri dishes, and incubated for two days
under near UV light (12 hrs. under light and 12
hrs. in dark) for sporulation. Conidia developed
on the colony were transferred into Petri dishes
containing 0.03% water agar medium containing
streptomycin sulfate (40 mg/l). After 3 days of
incubation, the individual colony was
transferred to prune agar medium, and allowed
to grow for 3-4 days at 28°C. Sterilized rice
straw was put on the culture to allow the
mycelium to grow on the straw. The straws were
colonized with mycelium of P. oryzae were put
under near UV light for sporulation as before.
Conidia developed on the straw pieces were
suspended in 5 ml sterilized distilled water, and
poured into Petri dishes containing 20 ml liquid
water agar medium. After two days of
incubation, germinated conidium along with
growing hyphae were transferred individually to
prune agar medium in test tube slants and
allowed to grow. Each of the single spore pure
culture was noted as an isolate.

Preservation of blast isolates: Sterilized filter
paper disks colonized with pure culture of blast
isolates were made air dry for seven to ten days.
Then colonized filter papers were preserved in
-20°C under dry condition with silica gel at Seed
Pathology and Molecular Lab.

Preparation of blast fungus inoculum. Filter
paper disks colonized with isolates were transfer
to prune agar plates and allowed to grow at
about 25°C for 5 days. The blocks of mycelium
(4 mm diameter) were transferred to oat meal
agar plates. The oat meal culture was allowed to
grow on the surface of the medium for 7 days at

25°C for sporulation. The crushing of mycelia
was done with tooth brush, conidia produced
were scraped from the surface of the culture, and
suspended in sterilized distilled water. The spore
concentration was measured and adjusted to 1 X
105 spores/ml. Exactly 50 ml of spore
suspension of each isolate was wused for
inoculation of rice seedlings.

Evaluation for reactions of rice to blast
fungus. Ten to twelve sprouted seeds/lines of
the 25 monogenic lines, LTH, and Nizersail
were sown in continuous lines in plastic trays
(60 cm x 30 cm) filled with sandy loam soil.
Inoculation of blast pathogen was done as
described in Bonman et al., (1986) and Hayashi
et al., (2009). About 21-25 days old seedlings
were inoculated by spraying with 50 ml spore
suspension of individual isolate using a hand
sprayer in the afternoon at 5- 6 pm. All
inoculated seedlings were incubated for 24
hours immediate after inoculation by covering
polythene. The relative humidity and
temperature of the net house were maintained to
70 to 80% and 25+1°C, respectively for disease
development. Severity of blast disease
developed on inoculated rice plants was
evaluated as described in Mackill and Bonman
(1992) and Hayashi et al., (2009) at 7 to 8 days
after inoculation.

Races of blast fungus. The pathogenic races of
blast isolates were classified following the
international designation system as detailed in
Hayashi and Fukuta (2009) and Gilmorour
(1973). The 25 differential monogenic lines and
LTH were divided into five groups of U (4 lines
and LTH), i (3 lines), k (7 lines), z (4 lines) and
ta (7 lines) depending on the loci of resistance
genes present in the respective lines (Hayashi
and Fukuta, 2009). The monogenic lines and
LTH within a group were further divided into
subgroups of one to three lines. A number code
of 1, 2, or 4 was assigned to each line within a
subgroup. The codes (1, 2, or 4) assigned to the
individual lines within a subgroup were added
up if the lines were susceptible to a blast isolate
to define the race number of the isolates. For
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example, the race number of a blast fungus
isolate causing a susceptible reaction in all the
monogenic lines and LTH is
U73-17-k177-z17-ta773, while that of an isolate
causing a resistance reaction in all the lines and
LTH is U00-i0-k000-z00-ta000.

Data Analysis. A hierarchical clustering
analysis for blast fungus isolates was done by
the method by Ward (1963) using JMP 7.0.2
software (SAS Institute, Inc., Cary, NC, USA)
based on the degree of infection also referred to
the severity of infection of blast pathogen
isolates to the 25 monogenic lines and LTH.
Diversity of blast isolates within an AEZ was
calculated based on their reactions to the groups
of monogenic lines and LTH by the method of
Simpson (1949). The diversity index varies from
0 to 1, where 0 represents no diversity and 1 for
maximum diversity. Non-hierarchical clustering
of blast fungus isolates based on their reactions
to the monogenic lines was carried out by the
GENSTAT 5.5 program (Rahman et al., 2010).
Distances (Mahalanobis distance) among the
clusters of blast fungus isolates were obtained as
a result of a canonical variate analysis using of
the GENSTAT 5.5 program (Rahman et al.,
2010).

RESULTS AND DISCUSSION

Virulence spectrum of blast fungus isolates
from Bangladesh

Frequencies of virulence of blast fungus isolates
collected from different AEZs to the 25
differential monogenic lines was evaluated by
inoculating the isolates to the lines and
susceptible control plants. A large proportion (>
60%) of the isolates collected from AEZ23 were
able to induce a susceptible (compatible)
reaction in 14 monogenic lines carrying one of
the resistance genes Pib, Piz-5(Pi2(t)), Pit, Pia,
Pik-s, Pik-m, Pik-h, Pik, Pik-p, Pi7(t), Piz-t,
Pil2(t), Pita, or Pi20(t) (Fig. 1A). In contrast,
the proportions of isolates from AEZ23 showing
a resistance (incompatible) reaction were only
20% or less in four lines for Pita-2, Pish, Pi9
and Piz (Fig. 1A).

The proportions of the isolates from AEZ19 that
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caused a susceptible reaction were 60% or
higher in 17 lines carrying one of the resistance
genes Pik-m, Piz-5(Pi2 (1)), Pil, Pit, Pi5(1),
Pil9, Pii, Piz-t, Pia, Pik-h, Pib, Pi7(t), Pil2(t),
Pi20, Pik, Pik-p, or Pik-s (Fig. 1B). Especially,
all the isolates collected from AEZ19 showed a
susceptible reaction in the line with Pik-s. The
proportions of the isolates from AEZ19 caused a
resistance reaction in three lines carrying Piz or
Pita-2 (Fig. 1B) were less than 20%.

The proportions of the isolates from AEZ13
showing a susceptible reaction were 60% or
higher in ten lines carrying one of the resistance
genes Pi5(t), Pik, Piz-5(Pi2 (1)), Piz-t, Pi20,
Pil2(), Pit, Pib, Pia, or Pik-s (Fig. 1C). The
proportions of the isolates from AEZ13 causing
a susceptible reaction in three lines carrying one
of the resistance genes Pita-2, Pi9 or Pish were
less than 20% (Fig. 1C).

The proportions of the isolates from AEZ28
causing a susceptible reaction were 50% or less
in 8 lines carrying one of the resistance genes
Piz, Pita-2, Pish, Pi9, Pit-2, Pita=Pi4(t), Pii, or
Pi3() (Fig. 1D). Especially 20% or less of the
isolates from AEZ28 were able to cause a
susceptible reaction in three lines for Piz, Pita-2
and Pish.

The proportions of the isolates from AEZ2
causing a susceptible reaction were less than
40% in only five lines carrying one of the
resistance genes Pish, Piz, Pita-2, or Pi9 (Fig.
1E). The rest of the lines were found to show a
susceptible reaction with more than 60% of the
isolates from AEZ2 (Fig. 1E). These results
indicate that the isolates from AEZ2 are more
virulent than those from other AEZs.

When the virulence frequencies of the blast
fungus isolates from the individual AEZs are
combined, the proportions of the blast fungus
isolates from five AEZs causing a susceptible
reaction were less than 20% in the lines carrying
Pish, Pita-2 and Piz, and the proportions were
between 20% and 60% in the lines carrying Pi9,
Pita-2, Pita=Pi4(t), Pi3(t) and Pil (Fig. 1F).
The results suggested that rice cultivars carrying
resistance genes such as Pish, Pita-2, Pi9, and
Piz may serve as promising sources of resistance
to blast in Bangladesh. Effectiveness of Pish,
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Fig. 1: Virulence frequencies of blast fungus isolates collected (Aman and Boro season) from A) AEZ23, B)
AEZ19, C) AEZ13, D) AEZ28, and E) AEZ2, and F) all five AEZs combined against differential

monogenic lines and susceptible checks.

Pita-2, Pi9 and Piz as a resistance gene against
blast fungus were also documented in studies
using blast fungus isolates in other countries.
Mithrasena et al., (2012) reported that rice
plants carrying Pish or Pi9 were resistant to a
majority of blast pathogen isolates collected in
Sri Lanka. Telebanco-Yanoria et al., (2008)
showed that the resistance genes Pish, Piz-5, and
Piz showed a wide spectrum of moderate
resistance to blast fungus isolates in Philippines.
Koide et al, (2011) also reported that a
monogenic line carrying Pi9 was resistant to all
standard differential blast isolates in Philippines.
Du et al, (2007) reported that a rice plant
carrying Piz showed effective resistance to 179
blast isolates in Vietnam. Sathya ef al. (2013)

reported that rice plants carrying four resistant
genes Pish, Piz, Pi9 and Pita-2 showed broad
spectra of resistance to Cambodian blast fungus
isolates.

Races of blast isolates from Bangladesh
Based on the reactions of LTH and the four U
group monogenic lines carrying Pish, Pia, Pib,
or Pit, the 100 blast isolates were classified into
ten pathotypes. The U63 type that can cause
susceptible reactions in LTH and lines carrying
Pia, Pib, or Pit was most predominant. The U63
type represented 41% of the total population
and found in all the five zones (Supplementary
Table 1).
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Table 1. Characteristics of international standard differential monogenic lines derived from

Lijiangxintuanheigu by Hayashi e# al., (2009).

Differential monogenic line

Resistance gene in monogenic lines

Gene name Chromosome Locus/group
IRBLsh-B Pish 1 Pish/U
IRBLb-B Pib 2 Pib/U
IRBLt-K59 Pit 1 Pit/U
IRBLa-A Pia 11 Pia/U
IRBLi-F5 Pii 9 Pii /i
IRBL3-CP4 Pi3 9 Pii/i
IRBL5-M Pi5) 9 Pii /i
IRBLks-F5 Pik-s 11 Pik / k
IRBLkm-Ts Pik-m 11 Pik /' k
IRBL1-CL Pil 11 Pik /' k
IRBLkh-K3[LT] Pik-h 11 Pik / k
IRBLk-Ka[LT] Pik 11 Pik / k
IRBLkp-K60 Pik-p 11 Pik / k
IRBL7-M Pi7(t) 11 Piz/z
IRBL9-W Pi9 6 Piz/z
IRBLz-Fu Piz 6 Piz/z
IRBLz5-CA Piz-5=Pi2(t) 6 Piz/z
IRBLzt-T Piz-t 6 Piz/z
IRBLta2-Pi Pita-2 12 Pita / ta
IRBLta2-Re Pita-2 12 Pita / ta
IRBL12-M Pil2() 12 Pita / ta
IRBLta-K1 Pita=Pi4(t) 12 Pita / ta
IRBLta-CP1 Pita=Pi4(t) 12 Pita / ta
IRBL19-A Pil9 12 Pita / ta
IRBL20-IR24 Pi20() 12 Pita / ta

The diversity indexes of the pathotypes determined by the U group lines in the respective AEZs were
between 0.71 and 0.81.

62 Mian et al.



Table 2. Pathogenic races of 100 blast fungus isolates collected in Bangladesh.

Races

U21-i7-k174-z07-ta623, U61-i1-k122-z06-ta400, U43-11-k117-z00-ta423
U43-i1-k157-z14-ta021, U41-i0-k135-z02-ta022, U21-i4-k073-z06-ta622
U63-17-k157-z06-ta423, U73-i17-k157-z14-ta733, U61-i0-k141-z07-ta403
U63-17-k157-z06-ta423 , U63-i5-k122-z06-ta403, U63-i17-k177-z07-ta632
U63-i7-k135-z17-ta411, U63-i4-k176-z12-ta431, U63-i3-k167-z16-tal32
U21-16-k157-204-ta423,U63-17-k177-z16-ta721, U43-i7-k177-z06-ta333,

U21-i10-k046-z04-ta032, U61-i16-k157-z06-ta403, U63-17-k177-z06-ta603
U63-i17-k167-z06-ta423, U63-i7-k167-z07-ta733, U03-i1-k100-z00-ta002
U73-i5-k167-z16-ta433, U23-i1-k173-z06-ta003, U43-i7-k137-z14-ta433,
U23-i4-k152-z04-ta003, U63-14-k020-z02-ta622U63-17-k166-z04-ta633,
U23-i5-k122-z04-ta022, U41-i0-k040-z00-ta401,U73-10-k177-z16-ta623,
U73-i7-k167-z16-ta533, U03-i7-k127-z12-ta403,U73-17-k177-z06-ta633,
U01-i10-k042-z04-ta400, U61-10-k040-z05-ta410 ,U63-15-k175-z16-ta432,
U63-17-k177-z00-ta723, U23-17-k177-z06-ta021,U43-i5-k173-z07-ta002,
U43-i7-k137-z10-ta732, U63-i7-k167-z17-ta403,U73-15-k177-z16-ta423,
U63-17-k177-z15-ta633, U73-17-k177-z17-ta433,U21-i4-k143-z06-ta433,

U43-i0-k146-z06-ta400, U73-i4-k147-z04-ta422, U41-i6-k167-z00-ta400
U33-i5-k173-z00-ta623, U43-10-k147-z00-ta422, U03-13-k141-z02-ta421
U01-i10-k104-z04-ta000, U63-i11-k101-z02-ta403, U63-i0-k 104-z06-ta000
U63-16-k177-z04-ta423, U01-i10-k173-z06-ta203, U03-10-k042-z00-ta021
U41-16-k100-z10-ta502, U73-i3-k173-z06-ta423, U63-i5-k177-z06-ta633

U61-10-k057-z05-ta033, U03-i0-k020-z06-ta402,U43-17-k177-z00-ta402,

U63-17-k167-z00-ta422, U03-i0-k146-z04-ta400, U63-17-k157-z16-ta033,
U03-i7-k177-z06-ta433,U63-15-k157-z04-ta433, U63-11-k157-z16-ta422,

U63-i3-k177-z14-ta423,U63-16-k105-z07-ta421, U73-11-k143-z11-ta423,

U23-i4-k114-z06-ta403,U73-17-k177-z04-ta733, U63-10-k057-z00-ta022,

U43-12-k127-z07-ta421, U41-i5-k173-z07-ta422, U73-17-k147-206-ta713,
U63-i7-k177-z04-ta033, U63-i7-k177-z06-ta433, U63-i7-k177-z06-ta433,
U63-17-k177-z06-ta433, U63-i7-k177-z06-ta433

Clusters Number of
members
| 18
11 31
U43-15-k053-z04-ta203,
111 16
U63-15-k177-z06-ta633
v 23
A\ 12

U03-17-k175-z07-ta623, U63-17-k173-z06-ta413, U63-i0-k157-z06-ta211
U63-i1-k177-z06-ta021, U61-i4-k127-z02-ta400, U63-i1-k157-z06-ta403
U63-i4-k141-z06-ta002, U01-16-k042-z00-ta000, U73-i17-k077-z02-ta020
U63-16-k157-z02-ta422, U63-10-k114-z04-ta413, U73-17-k077-z02-ta020

Based on the reactions to the three i group
monogenic lines carrying Pii, Pi3, or Pi5(t), the
100 isolates were classified into seven
pathotypes (Supplementary Table 2). The i7 type
that can cause susceptible reactions to all I group
lines was most dominant, and represented 36
isolates. Especially 13 isolates among 21 from
AEZ2 were the i7 type, and thus the diversity
index among the isolates from AEZ21 (0.57)
were notably lower than the indexes of isolates
from other AEZs (0.71 to 0.81) (Supplementary

Table 2). The i0 type that can cause resistance
reactions in all the i group lines was not found
among the isolates from AEZ19, suggesting that
rice plants carrying the i locus resistance genes
are vulnerable to the isolates from AEZ19.
Based on the reaction to the seven k group
monogenic lines for Pik-s, Pik-m, Pil, Pik-h,
Pik, Pik-p, or Pi7(t), the 100 isolates were
classified into 31 pathotypes (Supplementary
Table 3).
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Table 3. Pathogenic races selected for the
Bangladesh.

standard differential blast fungus isolates in
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The k177 type that can cause susceptible
reactions to all the k group lines was most
dominant, and represented 24% of the isolates.
The proportion of the k177 type was especially
high among the isolates from AEZ2,
representing 52% of the isolates, and thus the
diversity index of the isolates from AEZ2 (0.70)
was notably lower than the indexes of the
isolates from other AEZs (0.79 to 0.91)
(Supplementary Table 2).
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Based on the reactions of the four z group lines
for Pi9, Piz, Piz-5, or Piz-t, the 100 isolates were
classified intol3 pathotypes (Supplementary
Table 4). The z06 type that shows incompatible
(resistance) reactions in the lines for Pi9 and Piz
was most dominant, representing 33% of the
isolates. Especially, the z06 type represented
45% of the isolates from AEZ19, which showed
the lowest diversity index (Supplementary Table
2) The isolates of the z00 type that can cause



susceptible reactions in all the z group lines
represented 12% of the isolates, and found in all
the five AEZs.

Based on the reactions of the seven ta group
lines for Pita-2, Pil2(t), Pita, Pil9(t), or Pi20(1),
the 100 isolates were classified into 38
pathotypes (Supplementary Table 5). The ta403
type showing incompatible reactions in the lines
for Pita-2 and Pita and ta423 types showing
incompatible reactions in the lines for Pita-2 and
one of the lines for Pita were the major types,
each representing 9% of the isolates.

When the reactions to all the 25 lines were
considered together, the 100 blast isolates from
the five AEZs were represented by 94
pathogenic races that were classified into five
clusters (Table 2 and Fig. 2). Four isolates were
classified as the same race U63-17-k177-

lintwree
=4

z06-ta433 in cluster IV. Each of three races
U63-15-k177-z06-ta633 in  cluster III,
U63-17-k157-z06-ta423 in cluster I, or
U73-17-k077-z02-ta020 in cluster V represented
two different isolates. The rest of the races
represented single isolates. Cluster II was the
largest one comprised of 33 isolates followed by
cluster IV comprised of 23 isolates. A canonical
variate analysis showed that the inter-cluster
distance was maximum between clusters I and
V, and was minimum between clusters IIT and IV
(Fig. 2). The highest average virulence

frequency (63%) was observed in Cluster II and
cluster I showed lowest virulence frequency
(50%). The virulence frequency of cluster III,
IV and V
respectively.

showed 57%, 59% and 56%

Fig. 2. Dendrogram showing Pathogenic races of 100 blast fungus isolates collected in Bangladesh.

Standard differential
Bangladesh

As the result of our evaluation of blast fungus
isolates for the reactions to 25 differential
monogenic lines, twenty-five isolates were
selected as the standard differential blast fungus
isolates in Bangladesh based on their virulence
to differentiate 23 resistance genes in the 25
monogenic  lines, revive capacity and
sporulation potentiality (Table 3). A standard set

blast isolates in

of differential blast fungus isolates has been
used to characterize the resistance of rice
breeding lines and wvarieties in Philippines
(Telebanco-Yanoria et al., 2008; Koide et al.,
2011). We expect the standard differential blast
fungus isolates can also be used to characterize
the resistance spectra of new rice varieties, and
to examine pathogenicity of blast causing
fungus isolates from other AEZs of Bangladesh.
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CONCLUSION

Based on the reaction patterns against 25
LTH-derived differential monogenic lines
carrying one of the 23 resistance genes, 100
isolates from five AEZs in Bangladesh were
classified into 94 pathogenic races. Races
designated by pathotypes of U63, 10, i7, k157,
k177, z00, z04, z06, ta403, ta423, and ta433
were found as the dominant types, among which
races designated by pathotypes of U63, 17, k177,
700, z04, z06 and ta423 were commonly found
in all the five AEZs of Bangladesh. The results
indicated that any rice varieties relying on Pib,
Pit, Pia, Pii, Pi3, Pi5(t), Pik, Pik-h, Pik-m, Pil,
Pik-p, Pik-s, Pi7(t), Piz-t, Piz-5, Pil2(t), Pita(2),
Pil9(t), and Pi20(t) might be at the risk of blast
fungus infection in Bangladesh, especially in
areas such as AEZ2 and AEZ19 where such
races were found to present at a high frequency.
In contrast, for a number of isolates
incompatible to lines carrying Pish, Pi9, Piz,
Pita-2, and Pita were also found among the 100
isolates examined, suggesting these genes are
promising as the sources of robust resistance in
Bangladesh. These genes can be used in
breeding program for development of blast
resistant variety. The standard set of 25 blast
fungus isolates selected would be a useful tool in
developing rice varieties, resistant to blast
disease in Bangladesh.
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Evaluation of Yield Stability and Adaptability
of Boro Rice (Oryza sativa L.) Genotypes in
Bangladesh Using AMMI and GGE
Biplot Analyses
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ABSTRACT

Genotype x environment (G X E) interaction is a critical consideration in rice breeding, as it
determines the adaptability and stability of genotypes across diverse agroecological zones. This
study aimed to explore the most suitable and stable Boro rice genotypes for Bangladesh. In this
study, seven rice genotypes were evaluated in Boro season across twelve locations in Bangladesh
during the 2024 Boro season to investigate genotype-environment interaction (GEI) and yield
stability performance. The experiment utilized three replications of a completely randomized block
design. The analyses were performed through the Additive Main Effects and Multiplicative
Interaction (AMMI) and Genotype plus Genotype x Environment (GGE) biplot models. The AMMI
analysis revealed that environment accounted for the largest proportion of total variation (51.9%),
followed by G X E interaction (16.7%) and genotype (3.7%) The AMMI identified genotypes G2
and G6 as stable, high-yielding genotypes. The GGE biplot analysis accounted for 78.4% of the total
G x E interaction, with identifying G2 and G6 as elite genotypes for broad adaptation with high yield
potential. Both the AMMI and GGE analyses consistently identified genotypes G2 and G6 as stable
and emerge as elite genotypes for broad adaptation with high yield potential, while G1 and G5 show
strong performance in specific environmental sets. The combined use of AMMI and GGE analyses
effectively captured both yield stability and adaptability patterns, supporting that G2 was broadly
adapted, high-yielding entries suitable for rice development program in Bangladesh.

Keywords: Rice, Boro, GXE, GGE biplot, AMMI, Stability, Adaptability

INTRODUCTION

Rice (Oryza sativa L.) serves as the primary
staple food for a large portion of the global
population, contributing nearly 20% of the
world’s dietary energy supply. Over the past
three decades, Bangladesh has achieved
remarkable progress in rice production and is

widely recognized as a nation of rice growers
and consumers (Fukagawa & Ziska, 2019;
Hashim et al., 2021; Mainuddin et al., 2021)

To meet the increasing food demand of its
growing population, Bangladesh must enhance
genotypic  adaptability, adopt improved
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agricultural technologies, and strengthen water
management practices (Rahman et al., 2023).
The adaptability of rice genotypes to diverse and
changing environments plays a pivotal role in
ensuring yield stability across different locations
and years. Moreover, the development and
deployment of high-yielding genotypes are
fundamental to sustaining the country’s food
security through enhanced productivity and
yield consistency (Penna ef al., 2023).

Rice is cultivated in Bangladesh throughout the
year under three distinct seasons Aus, Aman,
and Boro. Among them, Boro rice is one of the
major contributors to national rice production.
Despite having a favorable subtropical climate
for Boro cultivation, the average yield in
Bangladesh remains relatively low compared to
other Asian countries such as Indonesia and
Malaysia. Variations in Boro rice yield are
influenced by multiple factors, including
genotypic differences, regional and seasonal
conditions, inefficient nutrient management,
pest and disease incidence, and various abiotic
stresses such as drought, flooding, salinity,
temperature extremes, and poor soil fertility.
These factors collectively contribute to yield
reduction and instability across environments in
Bangladesh (Akter et al., 2023).

When a genotype is evaluated under different
growing conditions, its performance often varies
significantly, a phenomenon referred to as
genotype x environment (GXE) interaction
(Allard & Bradshaw, 1964; Kang, 2004).
Genotype X environment (GxXE) interaction
analysis provides a framework to assess how
genotypes  respond to  variations  in
environmental conditions. Among various
statistical tools, the Additive Main Effects and
Multiplicative Interaction (AMMI) model and
the Genotype plus Genotype x Environment
(GGE) biplot are widely applied to study GXE
interactions. These two statistical analyses
(AMMI and GGE) were adopted in
multi-environment (MET) two-way data
matrices (Zhang et al., 2016). In recent years,
GE interaction has been only taken into account
in AMMI analyze, but genotype effects were
ignored while evaluating genotypes
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comprehensively. On the other hand, GGE
biplot model has been considered as highly
effective method to identify genotype difference
and evaluation test environment (Ding et al.,
2007). Increasingly, crop breeders have used
GGE biplot widely for evaluating mean
performance, stability of cultivars (Kang et al.,
2006) and discrimination of test sites (Dimitrios
et al., 2008). By using both models, rice
breeders can get robust and interpretable results
for making decisions to select stable genotypes
for rice breeding program or identifying a
location-specific  variety/genotype for rice
production. The AMMI model combines
analysis of variance for main effects with
principal component analysis for interaction
effects, while GGE biplot uses
environment-centered principal components to
graphically display genotype performance
across environments. Despite methodological
differences,  both  approaches  provide
comparable insights, allowing breeders to
identify stable genotypes and environment
groupings with minimal crossover interactions
(Gouch & Zobel, 1996; Mohan et al., 2023).
However, limited studies have jointly applied
both AMMI and GGE models to Boro rice
genotypes  across  Bangladesh’s  major
agrological zones, leaving uncertainty about
adaptability under different stress conditions.
Therefore, GXE analysis has become a standard
component of plant breeding programs (Gupta et
al., 2022). Many studies in rice have explored
various concepts and applications of GxE
interaction analysis. (Poli et al., 2018; Hashim e?
al., 2021; Panda et al., 2023; Anshori et al.,
2024; Ghazy et al., 2024).

Grain yield is a complex quantitative trait
influenced by both genetic and environmental
factors. A desirable genotype should not only
provide high yield but also perform consistently
across diverse agroecological environments.
Assessing genotype x environment (GXE)
interaction is therefore critical in plant breeding
to determine the adaptability and stability of
improved lines before their commercial release
(Dewi et al., 2014).

The present study applied both AMMI and GGE



biplot analyses to evaluate the adaptability and
stability of seven rice genotypes for grain yield
across twelve locations in Bangladesh. The
objectives were to identify high-yielding and
stable genotypes, and determine potential
mega-environments, and identify  ideal
genotypes and environments suitable for rice
production areas in Bangladesh.

MATERIALS AND METHODS

Test Genotypes and Locations

The trial was conducted during the 2024-25
Boro (dry) season across twelve locations in
Bangladesh, representing distinct
agroecological zones (Table 1). These included
Barishal (tidal submergence area), Satkhira
(salinity-affected area), Rangpur (cold-prone
areas), and Habiganj (Haoar area) Gazipur,
Kushtia,  Rajshahi,  Sonagazi, = Cumilla,
Gopalganj, Bhanga, and Sirajganj (favorable
areas). In this study, five advanced rice
genotypes from BRRI Regional Station,
Barishal and two check varieties were evaluated
(Table 1).

Experimental Design and Crop Management
The experiment was conducted across multiple
environments following a randomized complete
block design (RCBD) with three replications.
Within each environment, seven genotypes were
randomized independently. In addition to
individual environment analyses, data from all
environments were pooled across environments
to perform a combined analysis of variance
(ANOVA) for assessing genotype X
environment  interactions and  stability
performance.

Forty-day-old seedlings were transplanted into
10.8 m? plots, each consisting of 10 rows with
27 hills per row, at a spacing of 20 x 20 cm with
one seedling per hill. Fertilizers were applied at
260:100:120:110:11 kg ha™* of urea, TSP, MP,
gypsum, and ZnSOs, respectively. Nitrogen was

top-dressed in three splits: 15 days after
transplanting (DAT), 30 DAT, and five days
before panicle initiation, while the remaining
fertilizers were applied during final land
preparation. Standard agronomic and crop
protection practices were followed according to
BRRI guidelines (BRRI, 2010). Grain yield was
determined from the harvest of the entire plot, as
no border rows were excluded, and the yield was
adjusted to 14% moisture content.

In addition to grain yield, ancillary agronomic
traits such as days to 50% flowering, plant
height, growth duration, number of effective
tillers per hill, and panicle number per hill
(pAcp) were also recorded during the trial.
However, only grain yield data were used for the
present genotype x environment (GXE) analysis.

Data Collection and Statistical Analysis
Grain yield data were subjected to combined
analysis of wvariance (ANOVA) across
environments to partition the effects of genotype
(G), environment (E), and their interaction
(GXE). AMMI and GGE biplot analyses were
performed using R software (version 4.4.2) and
PBTools (version 1.3, IRRI). In the model
genotypes were treated as both fixed and
random and environments were treated as fixed,
and replications nested within environment as
random effects. Data normality was not checked
before analysis.

The Grain mean yield was analyzed using STAR
2.0.1 version. In the AMMI approach, main
effects were first analyzed using ANOVA,
followed by principal component analysis
(PCA) of the residuals to interpret GXE
interaction patterns. In parallel, the GGE biplot
method was employed to visualize both
genotype main effects (G) and GxE interactions
(GE) in a single framework, facilitating the
identification of high-yielding and stable
genotypes as well as the delineation of
mega-environments (Hashim et al., 2021).
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Table 1.

Description of Rice Genotypes examined and corresponding location codes.

Genotype code Genotype Name Location code Location Name
G1 BRBaNGR 324-1 El Barishal
G2 BRBaNGR 1256-1 E2 Bhanga
G3 BRBaNGR350-2 E3 Cumilla
G4 BRBaNGR736-1 E4 Gazipur
G5 BRBaNGR994-1 E5 Gopalganj
Go6 BRRI dhan74(Ck) E6 Habiganj
G7 BRRI dhan102(Ck) E7 Kustia
ES8 Rajshahi
E9 Rangpur
El10 Satkhira
Ell Sirajgonj
E12 Sonagazi
RESULTS AND DISCUSSION twelve environments (E1-E12) in Bangladesh.

Mean Grain Yield Performance

The Table 2 presents the grain yield performance
(t/ha) of seven rice genotypes (five advanced
breeding lines and two checks) evaluated across

Considerable variation in yield performance was
observed among genotypes and across locations,
indicating strong genotype X environment
(GxE) interaction.

Table 2. Mean Performance of Grain Yield Across Environments.

Genotype Yield (tha™) Ave.mean
Location El E2 E3 E4 ES E6 E7 E8 E9 E10 Ell E12

Gl 645a  832a 793 537a  884a  656a 692a  797a 734c 817a  52lab 949 738
G2 566ab  781a  7.04ab  S.l6a 817ab 555a 628ab 734a 7.09c 7452  5.08ab 6.82b  6.63
G3 595ab  8.0la  7.20a 4722 690b 6.18a S5I1b 818 7.02c 7.02a 6382 6.1Tb 657
G4 620ab  834a 504c  534a 863a 583a 625b 73la 9.0%b 774  467b 5926 6.71
G5 600ab 860a 580 bc 568a 9.02a 623a 7.00a 7.64a 9.63a  790a  523b 713 716
G6 597ab  8.05a  6.95ab  579a 827a  587a 6.17ab 7.06a 693 787a  S.17ab 7.07b  6.77
G7 507b  814a  71lab  521a 844a 52132 7262  8.04a 776bc 8332 6.lda 6540 694
Location Mean 591 8.19 6.74 532 833 592 643 765 184 179 541 703

LSD at 0.05 0.6
CV (%) 8.45
Heritability(H2) 0.72

Means with the same letter are not significantly different

Across environments, the mean yield ranged
from 6.63 t/ha to 7.38t/ha. Gl showed the
highest yield among all genotypes across
environments. On the other hand, G2 performed
moderate to high yields in several environments
(7.81 t/ha in E2; 8.17 t/ha in ES). G5 exhibited
good performance across most locations, with
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the highest yields recorded in E5 (9.02 t/ha) and
E9 (9.63 t/ha). Among the tested lines, G1 and
G5 demonstrated better performance compared
to checks. There is no significant difference
among the G2 with checks and it showed almost
similar performance to checks. Therefore, it is
important to observe GXE interaction



underscores the importance of
multi-environment testing in selecting widely
adapted and stable rice genotypes for
Bangladesh’s diverse agro-ecologies.

ANOVA and AMMI Analysis of Variance

The combined use of AMMI and GGE biplot
analyses in this study offered a robust evaluation
of genotype x environment (GxE) interaction
among seven rice genotypes (G1-G7) across
twelve environments (E1-E12).  This
dual-method approach, commonly applied in

crop studies reaffirmed its value in dissecting
patterns of stability and adaptability (Mohan et
al., 2023).

The AMMI analysis of variance (Table 3)
showed that environment (E) was the largest
source of variation, accounting for 51.9% of the
total sum of squares (TSS) and was highly
significant (p < 0.001). This indicates that yield
performance of rice genotypes was strongly
influenced by environmental differences, which
is typical in multi-location trials.

Table 3. ANOVA and AMMI analysis of variance for grain yield across 12 environments.

Source of Sum Mean F Proporti  Accumulated

variation Df Square  Square  value Pr(>F) on (%) (%) oTSS
Environment(E) 11 268.938 24.4489 50.88 6.71E-14 51.9
Replication(R) 24 11.533  0.4806 1.53  6.54E-02 2.2
Genotype(G) 6 19.237 32062 10.23  2.02E-09 3.7
(GXE) 66  86.643 13128 419 3.77E-13 16.7
PC1 16 45423  2.8389  9.06 0.00E+00 524 52.4 8.8
PC2 14 23196  1.6569 5.29  0.00E+00 26.8 79.2 4.5
PC3 12 12.073  1.0061 321 4.00E-04 13.9 93.1 23
PC4 10 4.663 0.4663 1.49  1.49E-01 5.4 98.5 0.9
PC5 8 0.756 0.0945 0.30  9.65E-01 0.9 99.4 0.15
PC6 6 0.532 0.0887 0.28  9.46E-01 0.6 100.0 0.1
Residuals 144  45.111 03133 8.7
Total 317 518.105  1.6344 100

The %TSS indicates the proportion of total sum of squares explained by each source of variation. IPCA =
Interaction Principal Component Axis. DF = degree of freedom, G x E = genotype by environment interaction,
SS = sum of squares, %TSS = percent total sum of squares.

The genotypic effect (G) contributed only 3.7%
of TSS, although it was highly significant,
suggesting the presence of inherent but
relatively small genetic variation for yield
among the tested entries. In contrast, the
genotype X environment interaction (GEI)
explained 16.7% of TSS and was highly
significant, demonstrating that genotypes
responded inconsistently across environments,
thus justifying the need for stability and
adaptability analysis.

Partitioning of GEI into interaction principal
component axes (IPCAs) showed that PC1, PC2,
and PC3 together captured 93.1% of GEI
variation, with PC1 alone contributing 52.4%.
The significance of the first three IPCAs

suggests that they are sufficient to describe the
major crossover interactions among genotypes
and environments. Higher-order IPCAs
(PC4-PC6) explained only minor,
non-significant portions of the interaction and
were therefore less relevant. Residual variation
accounted for 8.7% of TSS, which is acceptable
for field trials.

These findings are consistent with previous
studies in rice and other cereals, where the
environment typically explains the largest
proportion of yield variation, followed by GEI
and a smaller contribution from genotypes. For
example, Gauch & Zobel (1996) reported that
environmental effects usually exceed 50% of
TSS in AMMI models, while Purchase et al.
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(2000) in maize and Yan & Tinker (2006) in
wheat observed similar patterns. In rice, Huang
et al. (2021) also reported that GEI accounted
for 15-20% of yield variation, highlighting the
importance of stability analysis in cultivar
evaluation. Thus, these results confirm that
environmental heterogeneity dominates rice
yield performance, but genotype and GEI effects
are critical for identifying stable, widely adapted
varieties.

Genotype Performance and Stability

AMMI biplot for Yield Mean

The AMMI biplot (Fig. 1) explained a
substantial proportion of the total variation, with
PC1 and PC2 accounting for 52.4% and 26.8%,
respectively. Together, these two components
captured more than 79.2% of the genotype x
environment (GXE) interaction, indicating a
reliable representation of yield stability patterns

PLiedl 4%, BoDeE BN

which is a level of explanatory power consistent
with effective GXE interpretation (Gauch, 2006;
Akter et al., 2014; Hasina et al., 2015). In this
biplot, genotypes and environments close to the
origin are considered more stable, while those
further away exhibit greater interaction with the
environment. Genotypes G2 and G6 were
located near the origin, suggesting their yield
performance was stable across environments.
Conversely, genotypes G1, G3, and G4 were
positioned farther from the origin, displayed
strong interaction and greater sensitivity to
environmental changes. G5 show high yield
potential, but their strong GXE interaction
suggests they are suitable only for specific
environments (not broadly adaptable). A similar
type of findings has been reported in the
literature on rice crops by Hasina et al., (2015);
Bose et al., (2014), and Akter et al., (2014).
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Fig. 1. AMMI biplot for Yield Mean.

Among environments, E12 and E3 were highly
interactive, showing greater capacity to
discriminate among genotypes, while E5 and E6
also contributed to GXE interaction. In contrast,
environments clustered near the center, such as
E2 and E7, were less interactive, reflecting more

74 Khatun et al.

uniform genotypic responses. These results
suggest that E12 and E3 are critical sites for
identifying environment-specific adaptation,
while E2 and E7 are more useful for testing
general adaptability.



Ranking of Genotypes based on Yield and
Stability performance

The GGE genotype view (Fig. 2) highlighted
performance differences. Genotypes G2 and G6
were placed in the positive direction of the
average environment axis (AEA), indicating
good yield potential across environments. G7
was close to the AEA origin, suggesting stable
though moderate performance. In contrast, G3

PCisdZ 5% PCIull 5%

appeared at the upper extreme of the plot and G4
at the opposite lower side, indicating poor yield
potential and strong interaction effects.
Genotypes close to the ideal genotype center
(represented by concentric circles) are
considered more desirable. Here, G2 and G6
were closest, identifying them as high-yielding
and broadly adapted entries.

y—
L —
® o e

Fig. 2. GGE biplot genotype view showing the ranking of genotypes for both yield and stability performance

over environment.

The estimation of genotype yield and stability
(Fig. 2) was carried out using the average
environment coordinates (AEC) method (Yan et
al., 2007). The average environment is defined
by the average values of PC1 and PC2 for all
environments and it is presented with a circle.
The average ordinate environment (AOE)
defined by the line which is perpendicular to the
AEA (average environment axis) line and passes
through the origin. This line divides the
genotypes into those with higher yield than
average and into those lower yield than average.
The stability of genotypes is determined by their
distance from the AE abscissa. Genotypes
positioned closer to the abscissa are more stable
than those farther away. In this study, the

greatest stability in the high yielding group had
genotypes G2 and G6, while the most unstable
of all was G7. Although G1 showed the highest
mean yield but it is unstable across the
environment. Based on the ranking of the
genotypes for both yield and stability
performance were G2 and G6.

The results confirm that the AMMI and GGE
models provide complementary insights AMMI
quantifies stability, while GGE effectively
visualizes adaptability and mega-environment.
The identification of G2 and G6 as stable
performers and G1 as a specifically adapted
high-yielding genotypes for  specific
environment which is potential for rice breeding
program advancement in Bangladesh.
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Polygon view of GGE biplot analysis

The “which-won-where” view of the GGE
biplot has been widely recognized as an
effective visual tool for mega-environment
analysis (Yan et al., 2007). In this approach, a
polygon is formed by connecting the vertex
genotypes, with rays drawn from the origin of

Plimdd 5% PLIwdE A

the biplot to each side of the polygon, thereby
dividing the biplot into different sectors. Each
sector represents a potential mega-environment,
and the vertex genotypes located furthest from
the origin are considered either the best or the
poorest performers within those environments
(Yan and Kang, 2003).

P2

Fig. 3. The “which-won-where” view of the GGE biplot.

In this study, PC1 (42.9%) and PC2 (35.5%)
together captured a large share of the total
variation, indicating the GGE model effectively
represents GEI (Fig. 3). Genotypes with positive
PC1 scores were associated with higher yield
performance, whereas those with negative
scores were considered lower yielding, in
agreement with the findings of Kaya et al.
(2006). Similarly, the PC2 axis was indicative of
genotype stability, where values closer to zero
reflected stable performance across
environments.

The polygon view identified G1, G3, G4, and
G35 as vertex genotypes (Fig. 3), suggesting that
these were either highly responsive or extremely
poor performers across the test environments.
For instance, G4 consistently showed poor
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performance, as they were positioned far from
most environments, confirming their low
adaptability and yield potential across sites.
Conversely, environments such as E11, which
clustered with genotypes G2, G6, and G7, were
associated with relatively higher and stable yield
performance, as reflected by their near-zero PC2
scores. Genotypes G1, G3, and G5 showed
superiority in specific environments, indicating
potential for targeted adaptation.

Overall, the analysis demonstrated the existence
of distinct environmental groupings, with
certain genotypes performing consistently well
in specific environments while others exhibited
poor adaptability. The  clustering  of
environments and identification of vertex
genotypes align with earlier findings that GGE



genotypes align with earlier findings that GGE
biplot analysis not only reveals
mega-environment structures but also aids in
selecting genotypes with wide or specific
adaptability (Karimizadeh et al., 2013). These
results are highly relevant for targeted rice
improvement, as they provide breeders with
valuable insights into which genotypes are
broadly stable, and which are best suited for
specific ecological niches.

CONLUSION

This study demonstrated that environmental
factors exert the strongest influence on rice grain
yield, accounting for more than half of the
observed variation. However, the significant
genotype X environment interaction highlighted
the importance of stability and adaptability
testing in breeding programs. The AMMI
analysis identified G2 and G6 as the most stable
and high-yielding genotypes, while GGE biplot
analysis  further confirmed their wide
adaptability ~ across  test  environments.
Conversely, G1, G3, and G5 were highly
interactive and suggesting limited adaptability.
Among environments, E12 and E3 were
identified as key discriminative sites for
evaluating genotype adaptability. The combined
application of AMMI and GGE models thus
proved effective in identifying genotypes with
both wide and specific adaptation. These
findings provide valuable insights for rice
breeders aiming to select high-performing,
stable genotypes suitable for multi-environment
cultivation in Bangladesh.
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Optimum Nitrogen Dose and its Use Efficiency
of a Bacterial Blight Disease Resistant Rice
ALART Material in Chhiata Clay Loam Soil

F Rahman' ", ATM S Hossain? and M R Islam?

ABSTRACT

Given the widespread deficiency of nitrogen in Bangladesh, its optimum dose of advanced breeding
lines needs to be determined before releasing them as a variety. A field experiment was conducted
with advanced line BR8938-19-4-3-1-1-P2-HR3 (BBRAL) using BRRI dhan28 as a susceptible
check. Both the genotypes received six nitrogen doses — 0 to 200 kg N ha'! with an interval of 40 kg
ha'! from urea in a split-plot design. Both the tested genotypes received flat standard doses of P, K,
S, and Zn. A quadratic regression model was used to determine the optimum N requirement.
Quadratic equations § = 3.46 + 0.04N — 0.00013N2, (R? = 0.95, p = 0.006) for the bacterial blight
resistant line BR 8938-19-4-3-1-1-P2-HR3, and § = 3.73 + 0.04N — 0.00012N?, (R? = 0.99, p =
0.006) for the check variety BRRI dhan28 explained the relationship for N rates and estimated grain
yield. The calculated economic optimum N dose using the quadratic regression model for BBDRL
(Bacterial Blight Disease Resistant Rice) and the susceptible check BRRI dhan28 was 153 and 162
kgNha'!, respectively. The application of 153 and 162 kg N ha™' predicted the estimated yield of 6.81
and 7.21 for the advanced line and BRRI dhan28, respectively. Nutrient use efficiencies, such as
agronomic use efficiency, apparent recovery of applied N, internal use efficiency and nitrogen
harvest index of the tested advanced line, were similar to those of BRRI dhan28.

Keywords: Bacterial Blight line, grain yield, N response curve, N requirement, N efficiencies.

INTRODUCTION

Rice (Oryza sativa L.) is the most important
staple food crop for more than 3 billion people in
the world and 135 million people in Bangladesh.
The demand for rice is predicted to rise from 439
million tons (mt) in 2010 to 496 mt by 2020, 553
mt by 2035, and 623 mt by 2050 (Timsina ef al.,
2021). The yield of rice largely depends upon
the nutritional status of the soil and the
availability —of nutrients from chemical
fertilizers. Increase in rice production depends
on improved varieties coupled with judicious
fertilizer wuse, and appropriate irrigation
management (Gairhe et al, 2018) and other
cultural practices. Among the major nutrient
elements, nitrogen (N) is the most limiting

nutrient for rice crop growth and yield, and it is
required in compared to other nutrients (Djaman
et al., 2018). N is universally deficient in almost
all the agricultural soils and cropping systems of
the world, so it is essential to use external
nitrogen inputs (N fertilizers) to produce the
crops for satisfying the ever-increasing demands
of human populations (Mohan et al., 2015).
Globally, farmers using around 108 million
metric tons of nitrogenous fertilizer each year
(FAO, 2024). Nitrogen is the most yield-limiting
and widely applied nutrient in Bangladeshi rice
fields in all rice growing seasons, as rice
genotypes exhibit a stronger response to applied
N than other major nutrients. Nitrogen
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management is essential in growing rice, and N
fertilization can largely improve rice
productivity and profitability. Rice crop
generally requires 20 kg N for each ton of grain
yield under optimum conditions (Attanandana et
al., 2010). The N requirement of rice varies with
the rice genotypes (Saleque et al., 2005; Jing et
al., 2008; Hirzel et al., 2011). Biomass
production of irrigated rice is mainly driven by
the supply of N. Even the demand of the rice
plant for other macro-nutrients are also depends
on N supply. While increased N application may
increase grain yield in rice, it often increases
plant N uptake and consequently grain N
concentration (Wood et al, 2021). While
increased grain protein concentration (GPC)
may be advantageous nutritionally and also for
some grain quality such as head rice yield, it
often affects overall palatability (Meng et al.,
2024). Conventionally, to fulfil this large
requirement of N, farmers completely depend on
chemical nitrogen.

Excess use of N in crop input can cause
imbalance of ecosystem functions and services
(Hutchinson et al., 2003; Meena et al., 2014),
exacerbates soil degradation and environmental
pollution (Ladha ef al., 2016; Islam et al., 2022;
Yu et al., 2018) and even soil acidification (Guo
et al., 2010, Schroder et al., 2011).

Recently, BRRI dhan28 lost its popularity
because of bacterial leaf blight. The invention of
BBRAL is a breakthrough in Bangladesh to
substitute BRRI dhan28. It is empirical to
understand the N fertilizer requirement along
with the N use efficiency of the advanced
disease-resistant line compared to popular
variety BRRI dhan28.

MATERIALS AND METHODS

Experimental location

In Boro 2020-21, the experiment was conducted
at the Bangladesh Rice Research Institute
(BRRI) farm, Gazipur. The climate of the
experimental location is subtropical in nature
and experiences periodic southwestern monsoon
with an average annual rainfall of 2000 mm. The
80% of the rainfall occurs from mid-June to the
end of September. The lowest mean temperature
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(15°C) prevails in January and the highest
(30°C) in May. The soil of the experimental site
belongs to Chhiata clay loam, a member of fine,
hyperthermic Vertic Endoaquepts. The soil of
the experimental field had a clay loam texture
and a pH of 6.70. The other nutrient status was
as follows: organic carbon 1.18%, total N
0.13%, exchangeable K 0.12 meq/100g soil,
available S 14.0 mg kg' and available Zn
(DTPA extraction) 1.5 mg kg™'.

Experimental design and treatments

The experiment was conducted in a split-plot
design with three replications, where N fertilizer
doses were assigned in main-plot and rice
genotypes in sub-plot. The individual main-plot
size was 7 m x 3 m. Six N levels with the
application rates of 0, 40, 80, 120, 160 and 200
kgha-1 were evaluated with PVT-DRR (BB) line
BR8938-19-4-3-1-1-P2-HR3 and BRRI dhan28
as susceptible check. All plots had received a
blanket dose of chemical fertilizer P-K-S-Zn @
20-60-10-2 kgha', respectively. All fertilizers
except urea were applied as basal at final land
preparation. Urea was applied into three equal
splits in with first top-dressing on 15 days after
transplanting (DAT), second one on 30 DAT and
the rest one on 5 days before panicle initiation
(PI) stage. Thirty-five-day-old seedlings of each
rice genotypes were transplanted on 30
December 2020. Irrigation, weeding and other
cultural management practices were done
equally as per needed. At maturity, 1st the check
variety BRRI dhan28 was harvested on 17 April
2021 and the PVT-DRR (BB) line
BR8938-19-4-3-1-1-P2-HR3 was harvested on
24 April.

Data collection analysis

Plant height was recorded at maturity from 3
hills per plot from the soil surface to the tip of
the tallest panicle of each hill. Number of tillers
and panicles per m2 were counted from 16 hills
in each plot. Number of filled and unfilled grains
per panicle were counted from five panicles in
each plot. Panicle length (cm) was measured
from the panicle neck to the apex of the panicle
from five panicles. Grain yield was calculated



from the area of 5 m? at 15 ¢cm above ground
level, however, 16 hills from each plot were
harvested at the ground level for straw yield.
The grain yield was recorded at 14% moisture
content and straw yield as oven dry basis. Plant
samples were analyzed for N content and N
uptake. The grain and straw samples were
analyzed for their N content by the
micro-Kjeldahl method (Nelson & Sommers,
1973) and the crop N uptake was calculated
from dry biomass (grain + straw) weight and N
concentrations (Sarkar ef al., 2016).

Optimum and economic dose of N
Differentiation of the quadratic equation
between derived from the relationship between
N and grain yield derived the optimum and
economic optimum dose of N (Gomez and
Gomez, 1984) as follows:
Y=a+bN+cN2....oooooiiiinncccneeen(1)
Differentiating the above equation with respect

to N,
ay
- = +2
N =D 2eN

The optimum dose of N to maximize the yield
would be at the level of N when

av _,
dx
or,
b b+2cN=0
Ny = - -2 2)
2c
Economic optimum dose,
_ (5 3
Ny = > (?‘ _b ) ...... 3)

where, P, is price of fertilizer N (USD per kg)
and Py is price of grain (USD/t).

Agronomic N use efficiency (ANUE)
(Yv-Yy)

S Y) 4
ANUE = —&- 4)
where,

ANUE = agronomic N use efficiency (kg
grain/kg N)

Yy = yield of N-applied plots
Y, = yield of N control plots
Ni = applied N (kg/ha) from N fertilizer

Apparent recovery efficiency (ARE)

ARE (%) =—"—
F

where,

ARE = apparent recovery efficiency (%)

Uy = total nitrogen uptake (kg) from N-applied
plots

U, = total nitrogen uptake (kg) from N control
plots

N = applied N (kg/ha) from N fertilizer

Internal N use efficiency (INE)
INE(t/kg)=YN-YO0-UN-UO ..........ccocuocunc... (6)

Partial factor productivity: Partial factor
productivity refers to the yield of rice per kg of
applied nutrient.

Nitrogen harvest index (NHI)

NUg

_NUs (7)
(NU~+NU,)

NHI =

where,

NHI = Nitrogen harvest index
NUg = Nitrogen uptake by grain
NUs = Nitrogen uptake by straw

Statistical analysis

The analyses were carried out using the STAR
(Statistical Tool for Agricultural Research)
software version 2.0.1 and MS Excel.

RESULTS AND DISCUSSION

Grain yield

Nitrogen fertilization significantly increased
grain yield of both the BBRAL (Bacterial Blight
Disease Resistant Rice) and BRRI dhan28 in
Boro season (Fig. 1). With native soil N fertility,
BBRAL and BRRI dhan28 yielded 3.26 and
3.64 t ha'!, which increased with the application
of N and continued increase progressively with
the increased doses of N fertilizer. However, the
rate of yield increase was slower with the higher
doses of N. The grain yield of rice reached to a
plateau at the N level of 160 kg ha™! and showed
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a declination with the highest N dose of 200 kg
ha'.

Similar trend was observed for straw yield (Data
not shown). The improved growth attributes,
viz. plant height and dry-matter production,
might be responsible for improved yield
attributes. The straw yield of both varieties in

Boro season significantly responded to the
applied N rates. The straw yield of both varieties
increased with the increase of N rates and was
highest 7.16 tha! for V1 and 7.36 tha! for V2
with 200 kg Nha' which was statistically
identical to 160 kg Nha™'.

8 p—
Nitrogen response curve
7 =
—_
Z 6
s
=
—
2 [ )
- s L V1 (BK8938-19-4-3-1-1-P2-HR3): y = -0.0001x+ 0.0424x + 3.4586
.E R?=0.9681
s V2 (BRRI dhan28): y = -0.0001x> + 0.0417x + 3.7289
Qo R?=0.9929
4
3 L L L L ]
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Nitrogen dose (kg/ha)

Fig. 1. Nitrogen response curve of PVT-DRR (BB) and BRRI dhan28 rice genotypes in Boro 2020-21, BRRI,

Gazipur.
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Grain yield showed a significant quadratic
response to the N fertilizer application (Fig. 1).
The quadratic response curve for the BBRAL
and BRRI dhan28 as shown (Fig. 1) had
significant coefficient of determination (R?),
intercepts, and coefficients both linear and
quadratic terms for both genotypes (Table 1).
The intercept for the BBRAL was 3.46+0.28
compared to 3.73+0.14 for BRRI dhan28. The p
value of the intercepts was 0.0011 for BBRAL
and 0.0001 for BRRI dhan28, respectively.
BRRI dhan28 showed significantly greater
intercept than that of BBRAL. The b’
coefficient for both genotypes was 0.04 with
significant p value, indicates that the coefficient
was not significantly different between two
genotypes. The ‘¢’ coefficients for both the
genotypes were statistically similar and very
low, -0.00013 for BBRAL and for BRRI dhan28
it was -0.00012. The regression equation
signifies that there was varietal difference in
grain yield but both genotypes responded
similarly with receiving N fertilizer application.
There was insignificant genotypexN interaction
on grain yield of rice.

Solving the equation (2) the -calculated
maximum dose of N for BBRAL was 158 kg
Nha! and that for BRRI dhan28 was 167 kg ha™'.

According to the equation (3), the economic
optimum dose of N was 153 kg ha' and 162 kg
ha!, respectively. Tayefe et al. (2014) and Moro
et al. (2015) reported similar result the grain
yield to N fertilization. Pamela et al. (2009)
illustrated that grain yield showed a significant
quadratic response to N fertilization. Khatun e?
al. (2014) reported economic optimum dose of
N for BRRI dhan28 and BRRI dhan29 as 156
and 158 kg ha', respectively. Soil, varietal,
location, and yearly differences in N
requirement for rice may vary substantially
(Islam et al., 2015; Bhuiyan et al., 2017).
Bhuiyan et al. (2017) reported economic
optimum dose of N for BRRI dhan29 as 166 and
155 kg ha'!, in two consecutive years. Islam et
al., (2015) obtained economic optimum dose N
for BRRI dhan29 as 145 kg ha™! in the first year
and 200 kg ha' in the second year in the same
field. The large variation in N dose may be
attributed to the variation in climatic elements,
mainly high night temperature during the
growing season.

In comparison of two rice genotypes, BRRI
dhan28 responds better than the PVT-DRR (BB)
line BR8938-19-4-3-1-1-P2-HR3 in the same N
doses.

Table 1. Parameters of the regression equation between applied N and grain yield of two rice
genotypes.
BBRAL t-stat p-value BRRI dhan28  t-stat p-value
Intercept 3.46+0.28 12.45 0.0011 3.73+£0.14 27.52 0.0001
N 0.04+0.01 6.49 0.0074 0.04+0.00 13.10 0.0010
N -0.00013 -4.27 0.0235 -0.00012 -8.16 0.004
R’ 0.97 0.006 0.99 0.006
Nitrogen content and uptake N concentration of 0.78 and 0.42% compared
The application of fertilizer significantly 0.69 and 0.43% in BRRI dhan28. The nitrogen

influenced nitrogen content and uptake in grain
and straw in both varieties (Table 2). Varietal
difference in nitrogen concentration appeared
significant. The tested advanced line had
consistently greater grain N concentration at all
the levels of applied N except at the highest rate.
At N-control plot, BBRAL had grain and straw

concentration in grain and straw increased
gradually with increasing the N doses in both the
genotypes. The highest N concentration (1.04%
and 1.05%) was noted with the highest level of
N application (200 kg ha') similar trend was
observed for straw N content. Contrary to the
grain N, straw N concentration was slightly
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higher in BRRI dhan28 than BBRAL at all
levels of N applications. It was found that total
N uptake by rice plant increased with increased
N rates up to a certain level (160 kg Nha''), then
it decreased. The trend of N uptake by straw and
grain followed the similar trend of N
concentration. Varietal difference in uptake was
different from that in concentration trend. At 0 to
120 kg ha'' level of N application, BBRAL had
slightly higher grain N uptake than that of BRRI
dhan28. On the contrary, 160 and 200 kg ha™
doses of N application BRRI dhan28 had higher
grain N uptake than that of BBRAL. Varietal

difference in straw N uptake was slightly
different from that of straw N uptake. At 40 kg
ha' N application, straw N uptake in both the
genotypes was the same 24.84 kg ha!, but in all
other N doses BRRI dhan28 had greater straw N
uptake than that of BBRAL. BRRI dhan28 had
greater total N uptake than that of BBRAL
except at in 40 and 80 kg ha' levels of N
application. Yesuf and Balcha, (2014) also
reported that N uptake increases sharply with an
increase in the application of N doses up to a
certain level, and further increases in the N dose
the N uptake remaining static.

Table 2. Nitrogen response in the N content and N uptake of PVT-DRR (BB) and BRRI
dhan28 rice genotypes in Boro 2020-21, BRRI, Gazipur.

N (kgha ') N content (%) N uptake (kgha ') Total N uptake
Grain Straw Grain Straw (kgha™)
BBRAL (BR8938-19-4-3-1-1-P2-HR3)

0 0.78 0.42 25.43 14.87 40

40 0.81 0.45 43.50 24.84 68

0.91 0.47 53.33 28.25 81

80

120 0.97 0.50 62.37 33.25 95

160 1.01 0.52 69.39 36.24 106

200 1.04 0.54 68.85 38.66 108
BRRI dhan28

0 0.69 0.43 25.12 16.00 41

40 0.75 0.46 40.05 24.84 65

80 0.78 0.48 49.45 30.82 80

120 0.85 0.51 57.46 34.83 93

160 0.99 0.53 71.58 38.48 110

200 1.05 0.55 74.76 40.48 115
LSD (0.05) 0.08 0.04
TXV 4.16 4.33
CV (%) 3.21 3.67

Nitrogen use efficiency

Agronomic N use efficiency (ANUE) decreased
with the increasing doses of N application
steeply (Table 3). Varietal difference was
distinct at the 40 kg N ha™! level, but at 160 kg N
level, varietal difference diminishes for ANUE.
The BBRAL had 22.6 kg/kg compared 22.4
kg/kg. It means that the BBRAL would produce
22.6 kg grain per kg of the applied N and that
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would be 22.4 for BRRI dhan28. BBRAL
showed similar apparent recovery (41%) of
applied N compared to BRRI dhan28 which had
43% apparent recovery of N. In the N-control
plot, BBRAL showed slightly lower internal use
efficiency of N (82 kg of grain per kg of N
uptake) compared to 89 in case of BRRI dhan28.
At 160 kg N ha'! level, internal use efficiency of
N of the tested genotypes were similar, 55 kg



kg!' for BBRAL and 52 kg kg' for BRRI
dhan28. The fact indicates that the BBRAL was
less efficient to utilize native N from soil,
slightly more efficient to utilize applied N.

The reciprocal of internal use efficiency of N
indicate the amount of N required to plants
absorb to produce one ton of rice grain. The
lower the N absorb, the higher the utilization
efficiency, means less amount of N require per
ton of rice grain. N uptake in N-control plots
was the lowest (Table 2), Table 3 shows that the
least amount of N was required to produce 1 ton
of grain. BBRAL and BRRI dhan28 required
only 12 and 11 kg N, respectively, to produce 1
ton grain, while at 160 kg N ha' level, 1 ton of
rice grain production required 18 and 19 kg N
for BBRAL and BRRI dhan28, respectively.

Partial factor productivity (PFP) is another
important parameter of N use efficiency, which
tells how much of rice grain is produced per kg
of N application through fertilizer. Both the
check variety BRRI dhan28 and the new
genotype had similar PFP. At 160 kg N ha’
level, BBRAL had PFP of 43 compared to 45
with BRRI dhan28. At 80 — 200 kg N ha' level,
the PFP of BBRAL was about 2 kg consistently
lower than that of BRRI dhan28.

Nitrogen harvest index (NHI) translates the
proportion of absorbed N translocated to grain.
According to this index, BBRAL showed
slightly superiority to BRRI dhan28. From 0 —
160 kg N ha' level, NHI in BBRAL was about
0.02 greater than that of BRRI dhan28.

Table 3. Nitrogen use efficiencies of BR§938-19-4-3-1-1-P2-HR3 and BRRI dhan28.

Agron. N Apparent Internal use kg Nreq. for  Partial factor ~ Nitrogen harvest
Iﬁalf{% use (kg/kg)  Recovery (%) efficiency (kg/kg) ton grain productivity index
Vi V2 VI V2 Vi V2 Vi V2 Vi V2 Vi V2
0 - - - - 82 89 12 11 - - - -
40 528 425 70 60 75 71 13 14 134 134 0.64 0.61
80 325 338 51 49 63 69 16 14 73 79 0.64 0.62
120 264 260 46 43 58 60 17 17 54 56 0.66 0.62
160 226 224 41 43 55 52 18 19 43 45 0.66 0.62
200 168 174 34 37 49 47 20 21 33 36 0.65 0.65

V1 =BR8938-19-4-3-1-1-P2-HR3, V2 = BRRI dhan28

CONCLUSIONS

Application of N doses greatly increase the yield
and yield contributing characters of tested two
rice genotypes. Comparatively higher grain
yield obtained in the check variety BRRI dhan28
than the advanced line BR8938-19-4-3-1-1-
P2-HR3 in the same dose of applied nitrogen.
The calculated maximum doses of N for
advanced line BR8938-19-4-3-1-1-P2-HR3 and
the check variety BRRI dhan28 in Boro season
were 158 and 167 kgha'!, respectively, while the
economic optimum doses were 153 and 162
kgNha!, respectively. The bacterial blight

disease resistant line BR8938-19-4-3-1-1-P2-
HR3 can give a good yield with medium doses
of N which may be a good rice variety in
bacterial blight disease proon area of
Bangladesh.
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Potassium Fertilizer Effect on the Growth and
Yield of Boro Rice in Old Himalayan
Piedmont Plain Soil of Bangladesh

ATM S Hossain'", F Rahman'!, R R Debnath! and J Khatun?

ABSTRACT

Increasing cropping intensity increases nutrient mining from the soil, especially potassium (K), if
nutrient management is not properly maintained. A field experiment was conducted at Hajee
Mohammad Danesh Science and Technology University (HSTU) farm soil, Dinajpur district under
the Agro Ecological Zone (AEZ 1) the Old Himalayan Piedmont Plain soil in Boro 2020-21 to
evaluate the soil test-based K fertilizer application on Boro rice to increase rice yield as well as
maintain soil fertility. Six potassium doses namely, K control, 50%, 75%, 100%, 125% and 150% of
soil test based (STB) K, were tested with balanced doses of other chemical fertilizers. Rice growth,
yield, and yield-contributing characters were recorded during the panicle initiation and maturity
stages of rice, which were greatly influenced by potassium fertilizer application. The grain yield
increased significantly with increasing K rates up to 100% STB dose, and excess K application did
not show any yield advantage. The N, P and K uptake and the K use efficiencies were influenced
largely by the right amount of K application. The optimum K fertilizer dose was around 106 kg K
ha-1 for the deficient piedmont rice soil. The 100% STB K fertilization might be suitable for
obtaining higher rice yield and maintaining soil fertility in the HSTU farm soil under the Old

Himalayan Piedmont Plain of AEZ 1.

Keywords: Piedmont soil, potassium, rice, grain yield, K efficiencies.

INTRODUCTION

Rice (Oryza sativa) is the most extensively
cultivated cereal crop in Bangladesh, which
covers about 76% of the total cropped area
(BBS, 2018), and occupies first position as
staple food. To satisfy the demands for food due
to both population growth and diet diversity,
production improvement is an urgent issue. Rice
yield is predicted to double by 2030 (Zhang et
al., 2018). Fertilizers are usually applied to soil
to increase or maintain crop yields to meet the
increasing demand for food. The need for K
fertilizer in the last decade has increased sharply
along with the increase in food demand (Hartati
et al., 2018). Potassium (K) is an essential plant
nutrient that contributes to the quality and plant

resistance to water stress because of lower
transpiration, so that water consumption is low.
Potassium’s role in the process of transpiration
or water transport within the plant body is as a
regulator of cell osmotic potential (Taize et al.,
2010; Zhang et al., 2019). Rice crop requires
large quantities and a continuous supply of K for
the heading growth stage after completion of the
reproduction stage (Atapattu et al, 2018). A
requirement of 200-300 kg K20 ha! is
necessary to obtain 5-10 t ha' of cereal crop
yield (Atapattu et al, 2018). Modern
high-yielding rice varieties remove much higher
amounts of K than phosphorus (P) or even
nitrogen (N) (Choudhury et al., 1997; Liu et al.,
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2009; Sharma et al, 2013). It is essentially
required to stabilize the yield at a higher level.
Compared to N and P fertilizers, K fertilizer is
often ignored by farmers, particularly in Asia (Li
et al, 2014). On the other hand, rice crops
remove about 103 kg K for a yield level of 7.0 t
ha! (FRG, 2018). Islam and Muttaleb (2016)
reported that K fertilization significantly
increased rice yield and also mentioned the
optimum dose of K for rice cultivation ranged
from 78 to 93 kg ha'!. Rice crop removes about
100 kg K for a yield level of 5 t ha! (Saha et al.,
2009). The balanced use of organic and
inorganic fertilizers is the best practice to
maintain soil health and crop productivity
(Sarkar et al, 2017). The general
recommendation of K fertilizer for rice is often
less than 100 kg-ha!, which causes mining of
soil K. The K reserve of any soil is certainly
limited, and no soil can supply K to crops
adequately for an indefinite period of time.
Intensive cropping and the use of modern rice
varieties for high yield caused heavy depletion
of K in soils, particularly in the absence of K
application. Most of the area of AEZ 1
(Panchagarh, Thakurgoan, and part of Dinajpur
districts) is deficient in potassium, where the
dominant land types are high land to medium
high land. In both land types, the soil potassium
status is low to medium. Light-textured soils of
this area have low exchangeable K, and farmers
use a low amount of K fertilizer. Increasing
cropping intensity increased the K deficiency in
those areas. Understanding of K supplying
power of soil is necessary for judicious
recommendation of K fertilizer, compromising
economic return and maintaining soil K reserve.
In AEZ 1, the dominant clay minerals are Mica
and Chloride, which are inherently deficient in
K. At present, a soil test-based fertilizer
application method was suggested by FRG,
BARC, (2024). The application of fertilizer
following STB would benefit the respective
areas of farmers. The present investigation
aimed to evaluate the soil test-based K fertilizer
application on Boro rice to increase rice yield as
well as maintain soil fertility.
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MATERIALS AND METHODS

The field experiment was conducted at Hajee
Mohammed Danesh Science and Technology
University (HSTU) farm, Dinajpur (AEZ 1: Old
Himalayan Piedmont Soil) during the Boro
2020-21 season. Before setting the field
experiment, the initial soil sample was collected
from 0-15 cm depth in the respective field. The
soil sample was mixed properly and dried in a
shaded conditions. Then the soil sample was
ground, sieved by a 10 mesh and analyzed for
different physical and chemical properties in the
laboratory. The soil of the experimental field
was loamy in texture, having 45% sand, 40%
silt, and 15% clay. The pH of the experimental
field was 5.8 (moderately acidic), organic
carbon 1.2% (low), total N 0.09% (very low),
available phosphorus 12 mg kg' (low),
exchangeable potassium 0.10 meq/100g soil
(low), available sulfur 10 mg kg' (low), and
available zinc 2 mg kg' (medium). The soil
test-based fertilizer for each nutrient was
calculated.

Six potassium rates, including control, were
assigned in an RCB design with three
replications. The individual plot size was 4m x
4m. The treatments were K control, 50% STB K
(40kgha'), 75% STB K (69 kg ha!), 100% STB
K (92 kg ha'), 125% STB K (115 kg ha'), and
150% STB K (138 kg ha'). The N-P-S and Zn
were used @ 150-20-10 and 2 kg ha',
respectively. The tested variety was BRRI
dhan88. Forty-day-old seedlings of BRRI
dhan88 were transplanted, maintaining 20 cm x
20 cm spacing. Urea was applied in three equal
splits; one-third as basal, one-third at 25 days
after transplanting (DAT) and the rest one-third
at 5 days before panicle initiation (PI) stage.
Standard cultural practices were followed for
raising the rice crop. All plots were surrounded
by a 30 cm soil levee to avoid fertilizer
contamination between plots. Plant samples
were collected at the panicle initiation stage for
plant height, tiller number per square meter,
shoot weight, and for measuring nitrogen,
phosphorus, and potassium content and uptake.
At maturity, the crop was harvested manually



from 5 m? from the middle of each plot at 15 cm
above ground level for grain yield, 16 hills from
each plot at ground level for tiller, panicle and
total straw yield data. Grain yield was recorded
at 14% moisture content, and straw yield on an
oven-dry basis. Tiller and panicle number per
square meter were recorded. Percent filled grain
and unfilled grain were also documented.

Grain and straw samples were chemically
analyzed in the Soil Science Division’s
laboratory, BRRI, to determine the nitrogen,
phosphorus, and potassium content and uptake.
The agronomic use efficiency, physiological use
efficiency, partial factor productivity, and
recovery use efficiency were calculated. All
experimental data were statistically analyzed
using STAR software.

RESULTS AND DISCUSSION

Plant growth and biomass yield at the PI
stage of Boro rice

Potassium fertilization showed a significant
effect on rice plant height, tiller m?, and shoot
yield at the panicle initiation (PI) stage of Boro
rice (Table 1). The tallest plant (105.29 cm) was
observed in Ts treatment, where 150% STB
potassium fertilizer was applied, followed by Ts
treatment (103.88 cm), where 125% STB K was
applied. Medium-tall plants were observed in

the T4 treatment (96.37 cm), where 100% STB K
was applied, which was significantly shorter
than Ts and Ts. The reduced doses of K
application shortened plant height significantly,
and the shortest plant (73.19 cm) was observed
in the K control plot; i.e., in Ti. Nitrogen and K
have a synergistic effect to increase plant height.
The tiller m? was also influenced significantly
by the application of K at different rates (Table
1). The number of effective tillers increased with
the increasing potassium doses. The maximum
tiller m? (405) was observed where the highest
dose of K was applied. On the other hand, with
decreasing K doses, tiller number decreased
significantly. The minimum tiller number was
found in the K control treatment. Similar
findings were also reported by Kalita et al.
(2002). It was evident that shoot biomass was
significantly  influenced by  potassium
application. Shoot weight increased gradually
with increasing the K doses. Significantly higher
shoot yield was obtained in T4 (100% STB-K),
which was statistically similar to TS5 (125%
STB-K) and Ts (150% STB-K) treatment (Table
1). Significantly lower shoot yield was obtained
with T2 treatment (5.12 t ha'), where 75%
STB-K was applied, and the K control (T1)
treatment performed the lowest (4.75 t ha')
shoot yield. This finding is at per with the results
reported by Islam et al., (2015).

Table 1. Effect of potassium fertilizer on plant height, tiller number and shoot yield in panicle
initiation (PI) stage of BRRI dhan88 in Boro 2020-21 season at HSTU farm, Dinajpur.
Treatment Plant height (cm) Tiller No. (m™) Shoot yield
(tha™)

T, = K control 73.19 342 4.75
T,=50% STB K 85.73 374 5.12
T3=75% STB K 92.56 384 5.34
T,=100% STB K 96.37 389 5.44
Ts=125% STB K 103.88 396 5.56
Ts=150% STB K 105.29 405 5.59
LSD (0.05) 7.32 28 0.28
CV (%) 2.78 2.61 1.89

N.B.Ti=0,T-=40,Ts= 69, Ta =92, Ts = 115, Te= 138 kg K ha!, respectively
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Shoot N, P, and K uptake at the PI stage of
Boro rice

The nitrogen, phosphorus, and potassium uptake
by the shoot at the panicle initiation stage of
Boro rice are illustrated in Table 2. The N uptake
increased significantly with increased K doses.
Although the highest N uptake (65.49 kg N ha')
was found in Ts treatment, where 150% STB-K
was applied but the result was insignificant with
other K doses. The N uptake was lowest (50.87
kg N ha'!) in the K control treatment. Actually, a
synergistic effect was observed between N
uptake and K doses. The highest shoot P uptake
(12.97 kg P ha') was obtained in Ts treatment,
where 125% STB-K was applied, but the result
was not significantly higher with the application
of other K treatments. The significantly lowest
shoot P uptake (9.50 kg P ha!) was found in the
K control treatment. Actually, K fertilizer had a
good impact on increase K uptake of rice at the

panicle initiation stage. Potassium fertilizer
application greatly influenced the K uptake of
rice shoots at the panicle initiation stage (Table
2). The highest K uptake (135.93 kg K-ha') in
the shoot was observed in the Te treatment
(150% STB-K), which was statistically similar
to the Ts (130.78 kg K ha') treatment (125%
STB-K). The 100% STB-K (Ts) produced
significantly lower K uptake than the Ts and Ts
treatments. The other lower K doses, i.e., T3
(75% STB-K) and T2 (50% STB-K) treatment,
gave significantly lower K uptake in the shoot at
the PI stage of rice than T4 (100% STB-K). The
significantly lowest K uptake (75.72 kg K ha'')
was achieved in Ti treatment, where no K
fertilizer was applied for rice production in the
Boro season. The N, P, and K uptake was
maximum at the panicle initiation stage of rice
as reported by Payman ez al., (2017).

Table 2. Effect of potassium on shoot N, P, and K uptake at PI stage of BRRI dhan88 in Boro
2020-21 season at HSTU farm, Dinajpur.

Treatment Shoot N uptake Shoot P uptake Shoot K uptake

(kg ha™") (kg ha™) (kg ha™)
T, = K control 50.87 9.50 75.72
T,=50% STB K 57.20 11.28 95.95
T;=75% STB K 61.26 12.29 110.25
T,=100% STB K 63.11 12.88 119.56
Ts=125% STB K 65.23 12.97 130.78
Te=150% STB K 65.49 12.86 135.93
LSD (0.05) 4.83 1.47 11.39
CV (%) 2.81 4.34 3.601

N.B.Ti=0,T>=40, T:=69, Ta =92, Ts = 115, Te= 138 kg K ha’, respectively.

Growth, yield, and percent sterility at the
maturity stage of rice

At maturity or harvest stage, tiller number per
square meter and panicle number per square
meter, grain yield and straw yield, and percent
sterility were influenced significantly with the
application of different K doses (Table 3).
Regarding tiller production, the highest tiller
number per square meter was found in the Ts
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(150% STB-K) treatment, but it was statistically
similar to Ts (125% STB-K), T4 (100% STB-K),
and T3 (75% STB-K) treatments. Significantly
lower tiller was obtained with T2 (50% STB-K)
treatment, and the lowest tiller per square meter
was in T1 (without K fertilizer). The number of
panicles per square meter also increased
significantly with increasing doses of K at the
maturity stage of rice (Table 3). The highest



panicle number was observed in Ts (401)
treatment, where 150% STB-K was applied, but
the result was statistically similar to that
obtained in Ts (398) and T4 (386) treatment,
where 125% STB-K and 100% STB-K were
applied, respectively. The T3 (75% STB-K) and
T2 (50% STB-K) treatments gave significantly
lower panicle numbers than T4, and the lowest
panicle number was observed in the K control
(346) treatment (T1). Increasing potassium rates
resulted in the longest panicle of rice, which
could bear a higher number of spikelets per

panicle. It was supported by Zayed et al. (2007).

Grain yield, straw yield, and percent filled grain
were influenced significantly by the application
of K doses at different rates on a soil test basis in
the Boro rice of BRRI dhan88 (Table 3). The K
control plot yielded only 5.52 t ha' grain, and
with the application of K fertilizer, the grain
yield increased significantly. Grain yield
increased with the increasing in potassium level
up to Ts and thereafter decreased. The grain
yield significantly increases with increasing the
K rates up to 100% STB, and further increasing
the K rates, grain yield remains more or less
similar and static. The highest grain yield was
obtained with T4 (7.91 t ha') treatment, where
100% STB-K was applied, but the result was
statistically identical with Ts (7.83 t ha'') and Ts
(7.73 t ha!) treatment, where 125% and 150%
STB-K were applied, respectively. The Ts
treatment (75% STB-K) gave significantly
lower grain yield (7.39 t ha') than T4 (7.91 t
ha'). Potassium fertilization influenced grain
yield due to the assimilation of carbohydrates
increased from source to sink. Increase in grain
yield for the application of K was mainly due to
improvement in yield components, i.e., number
of effective tillers, panicle length, and grains per
panicle. The highest grain yield was recorded in
Ta because of the highest number of effective
tillers and the maximum number of grains per
panicle also produced by Ts which was
significant with other higher K doses. Several

workers reported a significant response of the
grain yield of rice to the application of
potassium (Bahmanyar and Mashaee, 2010).
Saha et al. (2009) reported that application of
chemical K fertilizer or rice straw increased the
grain and straw yield of rice in Boro-Fallow-T.
Aman cropping pattern in Modhupur Tract soil
of AEZ-28. Saha et al. (2010) also reported that
application of K @ 66 kgha' for rice wheat
pattern was not adequate and needed to increase
the K dose for better K reserve in soil. It was
evident that straw yield was significantly
influenced by potassium rates, and it was the
highest (8.03 t ha!) in Ts, and the lowest straw
yield was obtained in Ti (5.56 t ha') treatment
(Table 3). The higher K doses gave
comparatively higher straw yield, and the result
was statistically similar among Ts to Te
treatments. Significantly lower straw yield was
observed in the T2 treatment, where 50% STB-K
was applied. All the treatments produced
significantly higher straw yield than the K
control treatment. Grain filling also increased
due to proper K fertilization. The percent filled
grain increased sharply with the application of K
fertilizers at different rates. Actually, all the
K-fertilized plots gave statistically similar filled
grain percent over the K control plot (Table 3).
Here, it was clear that K fertilization increased
the number of filled grains in the panicle and
thus yield increased. A similar result was found
by Krishnappa et al. (2006) and who reported
that applying K increased the number of filled
grains per panicle. Basal application of K
fertilizer showed a positive effect on the
percentage of filled grains. Potassium helped in
proper filling of seeds, which resulted higher
number of plump seeds and thus increased the
number of grains per panicle. Esfehani et al.
(2005) showed that potassium fertilizer has
positive effects on filled grains in rice, while its
deficiency causes pollen sterility and decreases
the number of filled grains per panicle.
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Table 3. Response of BRRI dhan88 to potassium fertilizer on tiller and panicle production,
grain and straw yield, and % filled grain in Boro 2020-21 season at HSTU farm,

Dinajpur.
Treatment Tillerm?  Paniclem® GY (tha') SY (tha') Filled grain (%)
T, = K control 363 346 5.52 5.56 82.07
T,=50% STB K 390 372 7.07 7.15 85.61
T5;=75% STB K 404 379 7.39 7.46 86.66
T,=100% STB K 414 386 7.91 7.97 87.23
Ts=125% STB K 423 398 7.83 8.00 87.63
Ts=150% STB K 425 401 7.73 8.03 87.78
LSD (0.05) 24 20 0.49 0.59 2.85
CV (%) 2.07 1.89 2.39 2.83 1.17

Ti1=0,T>=40,T: =69, Ta=92, Ts= 115, Te= 138 kg K ha’!, respectively.

Total N, P, and K uptake at the maturity stage
of Boro rice

The total N uptake by rice (grain and straw) at
the maturity stage was significantly influenced
by the application of different doses of STB-K
fertilizer in rice in the Boro season. Although
higher N uptake was found in T6 (150% STB-K)
but the result was statistically similar to that
obtained in Ts (125% STB-K) and T4 (100%
STB-K) treatment (Table 4). Nitrogen uptake at
maturity was significantly lower in those
treatments where K fertilizer was used below the
100% STB level. The total P uptake by rice
(grain and straw) at the maturity stage was also
significantly influenced by the application of
different doses of STB-K fertilizer. Although
higher P uptake was found in Ts (150% STB-K)
but the result was statistically similar to that
obtained in Ts (125% STB-K), T+ (100%
STB-K), and Ts (75% STB-K) treatment (Table
4). The total P uptake was significantly lower in
those treatments where K fertilizer was used
below the 75% STB level. Significantly less P
uptake was obtained in the K control treatment.
The total K uptake by rice (grain and straw) at
the maturity stage was also significantly
influenced by the application of different doses
of STB-K fertilizer in Boro rice (Table 4). The
highest K uptake (193 kg ha!) in grain and straw
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was obtained in Ts (150% STB-K), and the
lowest K uptake (90 kg ha') was in T: (K
control). Although higher K uptake was found in
Ts (150% STB-K) but the result was statistically
similar to that obtained in Ts (125% STB-K) and
T4+ (100% STB-K) treatment (Table 4).
Potassium uptake was significantly lower in
those treatments where K fertilizer was used
below the 100% STB level. Application of K
significantly increased the straw K content and
total K uptake of both wheat and rice crops as
reported by Saha et al. (2008). The potassium
uptake was much higher than the nitrogen and
phosphorus uptake by rice. Hossain ez al. (2013)
also reported that application of soil test based
inorganic K (STB-K) fertilizer increased the
grain yield of wheat as well as total N, P, and K
uptake in Old Himalayan Piedmont Plain Soil of
AEZ!.

Potassium use efficiency of rice

Application of K fertilizer in rice field in Old
Himalayan Piedmont Plain Soil, i.e., in AEZ! in
Boro season, greatly influenced the K use
efficiencies. The agronomic efficiency (AE) (kg
grain yield increased per kg of applied K)
decreased with increasing K levels (Table 5).
The higher AE were observed in lower doses of
K application. A similar trend was also found in



the case of partial factor productivity for applied
K (PFP-K) and recovery efficiency of K (RE-K).
Nevertheless, the physiological efficiency of K
(PE-K) was almost the same level regardless of
K application (Table 5). Agronomic use
efficiency of K, partial factor productivity and

recovery efficiency of K decreased with the
increase of K levels. A similar result was
obtained by Saha ef al in 2008, who also
reported that the AE, PFP, RE, etc., were
decreased with increased K fertilizer doses.

Table 4. Response of BRRI dhan88 to potassium fertilizer application on N, P and K uptake in
Boro 2020-21 season at HSTU farm, Dinajpur.

Treatment Total N uptake (kg ha') Total P uptake (kg ha) Total K uptake (kg ha™)

T, = K control 74.14 12.84 90.06
T,=50% STB K 99.82 18.84 139.05
T5;=75% STB K 108.96 20.89 159.87
T,=100% STB K 119.24 23.24 179.68
Ts=125% STB K 121.53 23.13 187.10
T¢=150% STB K 121.99 23.71 192.99
LSD (0.05) 5.42 3.84 19.13
CV (%) 1.78 6.62 4.27

N.B.Ti=0,T-=40,T:= 69, Ta=92, Ts = 115, Te= 138 kg K ha!, respectively

Table 5. Influence of K fertilization on different potassium use efficiencies of Boro rice of
BRRI dhan88 at HSTU, Dinajpur.
Treatment PFP-K AE-K PE-K RE-K

T,=K control - - - -

T,=50% STB-K 177 39 31.64 122
Ts=75% STB-K 107 27 26.79 101
T,=100% STB-K 86 26 26.67 97
Ts=125% STB-K 68 20 23.80 84
Te=150% STB-K 56 16 21.47 75

PEP-K = Partial factor productivity of K, AE-K = Agronomic efficiency of K, PE = Physiological efficiency of

K, RE-K (%) = Recovery efficiency of K.

CONCLUSION

Potassium is becoming the second most limiting
nutrient for crop production in many parts of
Bangladesh, including AEZ 1. Potassium
fertilizer increased grain yield with increasing
rate of K up to 100% STB dose. The 100%
STB-K (92 kg ha') performed the best in terms

of rice yield. From the quadratic equation of the
response curve, the economic optimum dose of
K was found to be 106 kg ha'!, which is almost
closer to the STB dose; therefore, soil test-based
fertilizer should be applied for optimum rice
production in those areas. As the Old Himalayan
Piedmont Plain Soil of AEZ 1 is inherently
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K-deficient, potassium fertilizer must be used
judiciously to obtain higher rice yield and
maintain soil K supplying capacity. More
research work should be conducted on K
fertilizer management in different rice-based
cropping patterns and locations of the piedmont
soils of AEZ 1.
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