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Abstract

Soil salinity is considered as one of the major threats to rice production in coastal region of Bangladesh and rice plants are
prone to salt stress at seedling stage. Therefore, this study was conducted to evaluate the performance of rice genotypes
for salinity stress tolerance at five levels of salinity treatments i.e., control — nutrient solution without salt [EC (electrical
conductivity): 0.0 dS m~' (deciSiemens per meter)], EC: 08 dS m~!, EC: 10 dS m~!, EC: 13 dS m~! and EC: 15 dS m™;
were used for the morphological screening at seedling stage. After initial screening of fifty-seven local rice landraces, thirty
rice genotypes were selected based on their salt tolerance ability using a standard evaluation score (SES). The selected
rice genotypes were further screened by morphological parameters and molecular markers. Binadhan-10 and Binadhan-17
were used as salt resistant and salt susceptible checks, respectively. The environmental effect had a weak involvement in
the expression of morphological traits, which showed high heritability (in broad sense) and genetic advance as percentage
of mean. Two molecular markers (RM7075 and RM10825) were used to identify the Saltol quantitative trait loci (QTL)
associated with the genotypes. Based on morphological and molecular analyses, the thirty-two rice genotypes were grouped
into different clusters and six genotypes (Pokkali, Holdegotal-2, Vojon, Blockkhira, Rajashail and Hatibejor) were selected
as salt tolerant. The materials obtained from this study can be utilized for further breeding program and developing markers
for salt tolerance in rice.
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Introduction

Rice is the staple food of about 50% of the total world’s
population, hence one of the most important cereals ensur-
ing food security (FAOSTAT 2015). About 80% of the total
cultivated land in Bangladesh is used for rice cultivation and
total production is about more than 36 million metric tons
(BBS 2020). Bangladesh holds the fourth position among
the ninety-five rice-producing countries in terms of total rice
production (FAOSTAT 2017; Schneider and Asch 2020).
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However, rice production is threatened due to the effect of
many abiotic stress factors such as salinity, drought and flood
(Gregorio et al. 2002). Among these, soil salinity is the most
alarming due to the gradual extension of saline area around
the globe for the higher use of groundwater and rising of
the sea level due to global warming (Dasgupta et al. 2015;
Brindha and Schneider 2019). A study by Climate Change
Cell (2007) revealed that salinity is the most threatening
stress factor that drastically reduces the yield of coastal
agriculture. This study reported that varying degrees of soil
salinity affected 830,000 million hectares of land in coastal
areas of Bangladesh. Soil salinity affects 1.06 million hec-
tares of arable land in Bangladesh including major coastal
areas of Khulna, Satkhira, Bagerhat, Barguna, Patuakhali,
Noakhali and Chattogram (SRDI 2010). Rice plants possess
exertion with the normal growth due to its susceptibility
nature to salt stress at both seedling and reproductive stages
(Chowdhury et al. 2016; Razzaque et al. 2017). It has been
shown that rice plant is more sensitive to salt stress at the
seedling stage than when it is in the reproductive stage (Sahi
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et al. 2006) which affects its physiological, morphological
and biochemical indices (Ali et al. 2014; Kordrostami et al.
2017). Salinity stress impairs rice seedling growth, shortens
shoot lengths, root lengths and reduces leaf size, all of which
contribute to the early mortality of the plant at seedling stage
(Wankhade et al. 2013; Krishnamurthy et al. 2016). Injury of
seedling stage in rice consequently affects the overall perfor-
mance at reproductive stage due to stunted growth, deformed
roots, delayed flowering, reduction in the number of effective
tillers, the number of grains per panicle, and grain weight,
and ultimately reducing the grain yield (Gregorio et al. 2002;
Zhao et al. 2014). Salinity tolerance is crucial for crop estab-
lishment at the seedling stage leading to reproductive state,
which is prerequisite for better grain yield (Krishnamurthy
et al. 2020).

The growing population of Bangladesh is creating more
pressure on food; hence, it has become necessary to explore
the possibilities of increasing the potential use of saline
areas. Although being high yielding, the existing modern
rice varieties are not well adapted to the southern ecosys-
tem due to the lack of salt tolerance (Huda et al. 2019).
Therefore, developing salt-tolerant rice varieties has been
considered as the most effective strategy to increase rice
production in saline areas of Bangladesh. Landraces can play
a vital role in the development of salt-tolerant rice genotypes
due to their vast genetic diversity or variability (Rasel et al.
2018) which is an important criterion for crop improve-
ment programs and useful to find the mean heredity effects
of concerned genes and associated environmental effects.
Accordingly, it is essential to partition the observed variabil-
ity into heritable and non-heritable components measured
as phenotypic coefficient of variation, genotypic coefficient
of variation, broad sense heritability, genetic advance and
genetic advance as percentage of mean (Mishra et al. 2015;
Rasel et al. 2018). Screening of rice landraces at seedling
stage under controlled conditions in a hydroponic system
could reduce environmental effects and free from difficulties
associated with other soil-related stress factors (Huda et al.
2019) and could be used as an ideal method of screening.
Further, simple sequence repeats (SSR) markers are highly
informative, co-dominant, multi-allele genetic markers, that
are experimentally reproducible and transferable among
related species and have been the most widely used for plant
genotyping over the past twenty years (Ganie et al. 2016).

To date the commercially released rice varieties of
Bangladesh can tolerate up to EC: 14 dS m~! such as the
newly released BRRI Dhan-97 and BRRI Dhan-99 along
with the previously released and commercially cultivated
Binadhan-10 (The Business Standard 2023). In this study,
a higher salinity level has been introduced (EC: 15 dS
m~!) to impose a selection pressure on the rice landraces
to screen the salt tolerant genotypes. Therefore, the present
study was undertaken to screen the local rice landraces for
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their salinity tolerance ability at the seedling stage, which
is considered as the most sensitive stage of plant growth,
to identify suitable salt-tolerant genetically diverse plant
materials based on both morphological and molecular
screening using SSR markers. The selected local germ-
plasm can be used as potential resources of salinity tol-
erance for further rice breeding programs as well as the
knowledge on molecular screening would provide valuable
information on future marker development for use in salt
tolerant rice variety development.

Materials and methods
Plant materials and experimental location

A total of fifty-seven rice landraces (Supplementary Table 1)
along with check genotypes were collected from the different
southern parts of Bangladesh as well as Bangladesh Agri-
cultural University (BAU), Mymensingh-2202 and Bangla-
desh Institute of Nuclear Agriculture (BINA), BAU Campus,
Mymensingh-2202, were used in the present study.

The experiment of salinity screening was conducted with
hydroponic system at the growth room of the Department
of Genetics and Plant Breeding, BAU, Mymensingh-2202
from March 2019 to March 2020. The molecular screening
and analysis were performed based on SSR markers at the
Molecular Plant Breeding Laboratory of BINA.

Seed sterilization and germination

Approximately one hundred and twenty rice seeds of each
genotype were placed into brown bags and kept in the oven
at 50 °C for 2 days to break the seed dormancy. Afterwards,
seeds were sterilized by treating with 0.1% HgCl, for about
2 min and washed three times with distilled water. Then the
seeds were further sterilized with 70% ethanol for 3 min
and washed three times with distilled water. The sterilized
seeds were placed in Petridishes having moist filter paper
and kept at room temperature (2542 °C) in a dark condition
for 3—4 days for sprouting.

Experimental design and salt treatments

The experiment was laid out in completely randomized
design (CRD) with five salt treatments, viz., control—nutri-
ent solution without salt (EC: 0.0 dS m_l), EC: 08 dS m~!,
10dS m™!, 13 dS m™" and 15 dS m~! with three replications
in a well-established controlled plant growth room.
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Hydroponic system

Rectangular plastic trays having dimensions of
(40 cm x 30 cm X 35 cm) were used and filled up with 10
L of nutrient solution. Top of each trays, nylon net and rec-
tangular-shaped Styrofoam having ten holes (each replica-
tion contained 10 seedlings) were placed. The 4-days old
seedlings were transferred to the hydroponic medium con-
taining normal water and placed into the holes keeping the
roots down to the water in the pot and shoot up straight for
3 days. Afterwards Peter professional water-soluble fertilizer
(Urea:TSP:MoP =20:20:20) was used to supply nutrients for
growth and development of plants. The nutrient solution was
made with 1 g Peter professional and 0.1 g FeSO, dissolved
in one-liter water. The pH of the solution was adjusted to the
range of 5.2-5.5 by adding the required volume of HCI and
NaOH and the nutrient solution was replaced at seven-days
intervals. The pH of the solution was monitored daily and
maintained at 5.2 to 5.5. To ensure the continuous supply
of the nutrients to the plants, the solution was stirred three
times daily to keep the iron and some other nutrients dis-
solved as the nutrients could be precipitated within 7-8 h,
and can be unavailable for the plants.

Salt treatments were imposed on the seedlings at 2-3
leaves stage (about 10—12 days old). Crude salt was added to
water at first and mixed it properly to make a saline solution.
The saline solution was dissolved with nutrients to reach
the desired salinity level. The salinity level was measured
using an EC meter (TetraCon® 925—WTW, Germany) to
maintain the desired salinity concentration. The control set
of the genotypes were grown in only normal nutrient solu-
tion. All the collected genotypes (Supplementary Table 1)
were exposed to salinity for seven days afterwards they were
grown on the normal nutrient solution for another 7 days.
Afterwards, data were collected to calculate their SES score.
Based on the SES, the susceptible genotypes at EC: 08 dS
m~! were eliminated to minimize the population size and
thirty genotypes were selected for second screening. These
thirty genotypes (Table 1) were further screened under con-
stant salinity stress for 14 days and data were recorded.

Data collection

The scoring and morphological data were collected after
14 days of salt treatment for thirty genotypes. Plants were
harvested and data on morphological traits such as percent-
age of live leaves, shoot length (cm), root length (cm), root
fresh weight (mg), root dry weight (mg), shoot fresh weight
(mg) and shoot dry weight (mg) were recorded. The modi-
fied SES was used for scoring the visual symptoms of salt
toxicity in the genotypes (Gregorio et al. 1997). The suscep-
tible genotypes were distinguished from the tolerant and the
moderately tolerant genotypes based on their SES.

Genotyping of rice germplasm

Genomic DNA was extracted using fresh leaves of 21-days-
old rice seedlings through DNeasy Plant Mini Kit (QIAGEN,
Valencia, CA, USA) according to the manufacturer’s instruc-
tion. The quantity of DNA was determined using NanoDrop
2000c spectrophotometer (Thermo Scientific, USA). Two
SSR markers (viz., RM10825 and RM7075) (https://archive.
gramene.org/markers/) linked to QTL of salinity tolerance
in rice and located on chromosome 1 were selected for the
molecular screening of the selected rice genotypes (Ganie
et al. 2016). The polymerase chain reaction (PCR) cocktail
was prepared including 1 pul genomic DNA, 1 pl each of
forward and reverse primers, 2.0 ul of nuclease-free water
and 5 pl of PCR master mix (Thermo Scientific, USA). PCR
(LabCycler, SensoQuest Biomedizinische Elektronik, Ger-
many) program setup was maintained as initial denaturation
at 94 °C for 4 min, followed by 35 cycles of denaturation at
94 °C for 45 s, annealing at 55 °C for 45 s and extension at
72 °C for 2 min with a final extension of 72 °C for 10 min
and then incubated at 4 °C. PCR products were electropho-
retically separated on an 8.0% polyacrylamide gel placed in a
vertical electrophoresis tank (CBS Scientific, USA) contain-
ing 1.0X TBE buffer. The gel was soaked in SYBR green
(0.5 ug mI~") solution (Sigma-Aldrich) for 20 min and then
de-stained with distilled water for a few minutes with gentle
shaking. A gel documentation system was used to photo-
graph the resolved bands (ProteinSimple, USA). The size of
the amplified fragments of DNA was determined by compar-
ing the migration distance of amplified fragments relative
to the molecular weight of 100 bp DNA Ladder (Thermo
Scientific, USA).

Statistical analysis

Morphological data were analyzed using RStudio with R (v
4.1.0) programs. The stress tolerance index (STI) values for
morphological traits were also determined by the formula of
Zeng et al. (2002). The amplified fragments of DNA banding
pattern of each SSR marker was determined using AlphaE-
aseFC (v 4.0.0) software.

Results
Salt tolerance ability of rice genotypes based on SES

Rice seedlings grown under control treatment showed
normal plant growth whereas under saline conditions the
plants showed several symptoms of salt injury, such as leaf
rolling and tip whitening, lower percentage of live leaves,
reduction in root and shoot growth and dying of seedlings
depending on their salt susceptibility (Fig. 1). Tolerant
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Table 1 SES of thirty-two rice

. Genotypes Salt treatments

genotypes at the seedling stage

determining their tolerance level EC: 08 dS m™! EC: 10dS m™! EC: 13dS m™! EC: 15dS m™!

under salinized condition grown

in hydroponic system (21-day SES Tolerance level SES Tolerance level SES Tolerance level SES Toler-

old seedlings) ance

Level

Ghunsi 367 T 5.00 MT 5.67 MT 9.00 HS
Khoiramota 300 T 367 T 5.00 MT 5.67 MT
Panbota 1.00 HT 300 T 367 T 5.67 MT
Moulota 367 T 433 MT 9.00 HS 9.00 HS
Rupeshwar-2  3.67 T 5.00 MT 5.67 MT 9.00 HS
Pokkali 1.00 HT 1.00 HT 300 T 367 T
Holdegotal-2  1.00 HT 1.00 HT 300 T 367 T
Jessoreswarna 3.67 T 5.00 MT 9.00 HS 9.00 HS
Pothao 5.00 MT 9.00 HS 9.00 HS 9.00 HS
Nunia 300 T 5.00 MT 9.00 HS 9.00 HS
Morichshail 1.00 HT 300 T 367 T 5.67 MT
Bashfulbalam 3.00 T 367 T 5.67 MT 9.00 HS
Vojon 1.00 HT 1.00 HT 367 T 367 T
Mouthamota  1.00 HT 300 T 367 T 5.67 MT
Swarnagota 433 MT 5.67 MT 9.00 HS 9.00 HS
Gotalia 1.00 HT 300 T 300 T 433 MT
Betichikon 3.67 T 5.67 MT 9.00 HS 9.00 HS
Blockkhira 1.00 HT 1.67 HT 300 T 367 T
Swarnajana 5.00 MT 5.67 MT 9.00 HS 9.00 HS
Mulagoboru 367 T 5.00 MT 9.00 HS 9.00 HS
Lalmatha 1.00 HT 1.67 HT 367 T 5.67 MT
Rajashail 1.00 HT 1.00 HT 300 T 367 T
Khoiya 367 T 5.67 MT 9.00 HS 9.00 HS
Ruhango 433 MT 5.67 MT 633 S 9.00 HS
Ranisalute 300 T 367 T 5.00 MT 5.67 MT
Machranga 367 T 5.00 MT 5.67 MT 9.00 HS
Jotai 300 T 367 T 5.00 MT 5.67 MT
Benapole 300 T 367 T 5.00 MT 5.67 MT
Hatibejor 1.00 HT 1.67 HT 367 T 367 T
Bohorimota 1.00 HT 300 T 367 T 5.00 MT
Binadhan-10  1.00 HT 300 T 367 T 5.67 MT
Binadhan-17  3.00 T 5.00 MT 9.00 HS 9.00 HS

In 1-9 scale, score 1 indicates highly tolerant (HT), score > 1—4 indicates tolerant (T), score >4—6indicates
moderately tolerant (MT), score > 68 indicates susceptible (S) and score > 8-9 indicates highly susceptible

(HS)

genotypes were least affected than susceptible genotypes
under salt stress for different morphological traits. After
21 days of salinization, six genotypes i.e., Pokkali, Hold-
egotal-2, Vojon, Blockkhira, Rajashail and Hatibejor were
identified as tolerant (SES of 3—4), whereas eleven geno-
types were moderately tolerant, and rest of the genotypes
were found as susceptible (Table 1). The maximum SES
of 9 was observed in Ghunsi, Moulota, Rupeshwar-2, Jes-
soreswarna, Pothao, Nunia, Bashfulbalam, Swarnagota,

@ Springer

Betichikon, Swarnajana, Mulagoboru, Khoiya, Ruhango,
Machranga and Binadhan-17 at 15 dS m~! (Table 1).

Morphological traits-based analysis of rice
genotypes

The analysis of variance (ANOVA) revealed significant vari-
ations among different morphological parameters (Table 2).
Live leaves (%) were significantly reduced in all genotypes
when exposed to higher salinity levels. The highest live
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EC: 13dS m’!

EC:15dS m!

Fig. 1 Comparison of phenotypic variations under different salinity level in rice genotypes

Table 2 Analysis of variance (ANOVA) for different morphological parameters of rice genotypes at the seedling stage grown under control and

salt stress

Sources of vari- df  Live leaves Shoot length  Root length ~ Root fresh  Root dry Shoot fresh ~ Shoot dry Standard
ation (%) (cm) (cm) weight weight (mg)  weight (mg) weight (mg)  Evaluation
(mg) Score (SES)
Replications 21 0.4 0.39 5 0.16 2 0.5 0.56
Genotypes 31 1265%** 606.6%** 73.23%%%  18,765%** 153.89%%% 65,591 %*%* 2961.7#%* 33.37%%*
Treatments 4 59,842%%%* 6901.5%%* 1846.41%%%  94,093***  2047.04%** 492 417*** 23.418.8%**  525.19%**
Geno- 124 379%%** 42 4k5k% 12.52%#% 3154 10.82%*%  7644%** 423.2%%% 3.70%**
types X Treat-
ments
Error 318 2 0.6 0.33 4 0.10 1 0.5 0.44

df =Degrees of freedom, *** indicates significant at 0.1% level of probability

leaves were obtained in Holdegotal-2 (88.77% under con-
trol treatment and 47.69% at EC: 15 dS m™") there were
no live leaves observed in Moulota, Jessoreswarna, Pothao,
Nunia, Swarnagota, Betichikon, Swarnajana. Mulagoboru,
Khoiya and Binadhan-17 at EC: 13 dS m~!: and in Ghunsi,
Rupeswar-2, Bashfulbalam, Ruhango and Machranga at
EC: 15 dS m~!. The maximum shoot length was found in
Holdegotal-2 (41.16 cm) in the control treatment and at
EC: 15 dS m™! (18.50 cm). Pothao (not survived at EC:
10 dS m™"), Moulota, Jessoreswarna, Nunia, Swarnagota,
Betichikon, Swarnajana, Mulagoboru, Khoiya and Binad-
han-17 were not survived both at EC: 13 dS m~' and 15

dS m~! followed by Ghunsi, Rupeshwar-2, Bashfulbalam,
Ruhango, Machranga at EC: 15 dS m~!. Among the rice
genotypes, Pokkali showed the highest of root fresh weight
(61.14 mg) at EC: 15 dS m~!. Root dry weight was high-
est in Ranisalute (8.46 mg) followed by Rajashail (4.87 mg)
at EC: 15 dS m~!. Further, the highest shoot fresh weight
was found in Holdegotal-2 (120.16 mg) followed by Boho-
rimota (97.26 mg), Jotai (96.53 mg), Ranisalute (72.33 mg),
Pokkali (71.46 mg) and Panbota (70.43 mg) at EC: 15 dS
m~". In addition, the highest shoot dry weight was found in
Holdegotal-2 (19.13 mg) followed by Ranisalute (15.80 mg),
Bohorimota (14.60 mg) and Rajashail (14.50 mg) at EC: 15
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Table 3 Estimation of genetic parameters for different morphological traits of the rice genotypes

Traits Genotypic vari-  Phenotypic vari- GCV (%) PCV (%) Heritability in GA GA (%)
ance (cszg) ance (Gzp) broad sense (%)
Live leaves (%) 84.18 84.57 19.03 19.07 99.54 18.86 39.11
Shoot length (cm) 40.39 40.55 34.69 34.76 99.60 13.07 71.31
Root length (cm) 4.86 4.93 2542 25.59 98.64 4.51 52.01
Root fresh weight (mg) 1250.67 1251.67 82.01 82.04 99.92 72.82 168.87
Root dry weight (mg) 10.25 10.28 45.21 45.27 99.75 6.59 93.03
Shoot fresh weight (mg) 4372.69 4372.87 58.94 58.94 100.00 136.22 121.41
Shoot dry weight (mg) 197.41 197.52 57.84 57.85 99.94 28.94 119.11

GCV =Genotypic co-efficient of variation, PCV =Phenotypic co-efficient of variation, GA = Genetic advance and GA (%)= Genetic advance as

percentage of mean

dS m~!. On the other hand, the lowest shoot fresh weight
and dry weight were found in Ghunsi at EC: 15 dS m~!,
Moulota at EC: 13 dS m~! and 15 dS m~', Rupeswar-2 at
EC: 15dS m™!, Jessoreswarna at EC: 13 dS m~' and 15 dS
m™', Pothao at EC: 10 dS m™!, 13dS m™" and 15dS m™".
The mean comparison of genotypes and treatments on dif-
ferent morphological traits at the seedling stage is shown in
Supplementary Table 2.

Genetic variability parameters

The presence of genetic variability in plant breeding mate-
rials is necessary for a successful breeding program. It
was observed that the phenotypic variances were slightly
higher than the genotypic variances. Similar findings were
also found in the case of phenotypic coefficient of variation
(PCV) and genotypic coefficient of variation (GCV) for all
the traits under study (Table 3). Among all the traits root
fresh weight exhibited high estimates of GCV and PCV of
82.01% and 82.04%, respectively; followed by shoot fresh
weight (58.94% and 58.94%, respectively) shoot dry weight

Table 4 Genotypic and phenotypic correlation coefficients of different morphological traits with SES of the rice genotypes

Variables Correlation Shoot length (cm) Root length (cm) Root fresh  Root dry weight ~ Shoot fresh  Shoot dry ~ SES
weight (mg) weight (mg) weight
(mg) (mg)
Live leaves (%) T 0.871%** 0.811%** 0.700%**  Q.72]1%*** 0.785%** 0.799***  —(.83]#**
rp 0.868%** 0.804*** 0.698***  (.718*** 0.783%** 0.797***  —0.796%**
Shoot length (cm) 0.761%** 0.672%**  (.754%** 0.811%** 0.810%**  —(.749%%*
Ty 0.754%** 0.670%**  0.751%*** 0.809%** 0.809%***  —0.726%%*
Root length (cm)  r, 0.505%%* 0.650%** 0.712%** 0.698***  —(.753%%%*
T 0.501***  0.646%** 0.707%*** 0.693***  —(.72]%%*
Root fresh weight  r, 0.679%** 0.905%%*%* 0.943%**  —(.469%*
(mg)
Ty 0.678%*** 0.905%** 0.942%%%  —(0.45]%**
Root dry weight 7, 0.786%** 0.761%%*  —0.521%*
(mg)
Ty 0.786%** 0.760***  —0.500%*%*
Shoot fresh Ty 0.967*¥*  —(.592%%%*
weight (mg)
rp 0.967#%*  —0.571%**
Shoot dry weight —0.582%*%*
(mg)
r, —0.561%%**

**and *** indicates 1% and 0.1% level of probability, respectively. The significant level of genotypic correlation was tested using t-test (two-
tailed). r,=Genotypic correlation coefficient and r,=Phenotypic correlation coefficient
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(57.84% and 57.85%, respectively). On the other hand, root
dry weight showed a moderate value of 45.21% and 45.27%;
shoot length 34.69% and 34.76% of GCV and PCV, respec-
tively. Low GCV and PCV of 25.42% and 25.59% for root
length and 19.03% and 19.07% for live leaves were also
observed (Table 3).

The traits under the present experiment exhibited high
heritability estimates ranging from 99 to 100% (Table 3).
Among the traits, the highest heritability was recorded in
shoot fresh weight (100%) followed by shoot dry weight
(99.94%), root fresh weight (99.92%), root dry weight
(99.75%), shoot length (99.60%), live leaves (99.54%) and
root length (98.64%). Since the estimation of heritability is
not enough to have a clear indication and screening of desir-
able genotypes, the genetic advance can provide a suitable
indication of the progress that can be expected because of
selecting on the pertinent genotypes. The highest genetic
advance was found in shoot fresh weight (136.22) followed
by root fresh weight (72.82) and the lowest genetic advance
was found in root length (4.51) followed by root dry weight
(6.59). The highest genetic advance as percentage of mean
was found in root fresh weight (168.87%) followed by shoot

fresh weight (121.41%) while the lowest was found for live
leaves (39.11%) followed by root length (52.01%) (Table 3).

Estimation of correlation coefficients and path
coefficient

Correlation analysis between the yield and yield contribut-
ing characters revealed that the genotypic correlation coef-
ficients in most cases were higher than their phenotypic cor-
relation coefficients. Significant positive correlations at both
genotypic and phenotypic levels were recorded for all the
traits where a significant negative correlation was observed
with SES (Table 4).

Partitioning of genotypic and phenotypic correlation coef-
ficients into direct and indirect effects on the studied traits of
the rice genotypes by path analysis is shown in Table 5. At
the genotypic level, live leaves percentage (— 0.677) had a
direct negative effect on SES at genotypic correlation coeffi-
cients. Shoot length (-0.314), root length (-0.340), root fresh
weight (-0.288) and shoot fresh weight (-0.177) showed a
direct negative effect on SES whereas a direct positive effect
was found for root dry weight (0.188) and shoot dry weight

Table 5 Partitioning of direct and indirect effects of different morphological traits on SES at genotypic and phenotypic levels of the rice geno-

types
Variables Correlation Live leaves Shoot length  Root length Root fresh  Rootdry  Shoot fresh Shootdry  SES
(%) (cm) (cm) weight weight weight (mg) weight
(mg) (mg) (mg)
Live leaves Ty —0.677 —-0.274 —0.276 —0.202 0.135 —0.139 0.600 —0.831%**
(%)
Ty —0.620 —0.295 —0.258 —0.185 0.135 —-0.135 0.562 —0.796%**
Shootlength 7, —0.590 —0.314 —0.259 —0.194 0.142 —0.143 0.609 —0.749%%**
(cm)
T —0.538 —0.341 —0.242 -0.177 0.142 —0.140 0.570 —0.726%**
Root length To —0.549 —0.239 —0.340 —0.146 0.122 —0.126 0.524 —0.753%#*
(cm)
Ty —0.498 —0.257 -0.321 —0.133 0.122 —-0.122 0.489 —0.721%%*
Root fresh Ty —0.474 —0.211 —-0.172 —0.288 0.128 —0.160 0.708 —0.469%*
weight (mg)
T —0.433 —0.228 —0.161 —0.265 0.128 —-0.157 0.664 —0.451%%*
Root dry Te —0.488 —0.237 —0.221 —0.196 0.188 —0.139 0.571 —0.521%*
weight (mg)
T —0.445 —-0.256 —0.207 —0.180 0.189 —-0.136 0.535 —0.500%%*%*
Shoot fresh To —0.531 —0.255 —0.243 —0.261 0.148 -0.177 0.726 —0.5927%#
weight (mg)
Ty —0.485 —-0.276 —-0.227 —0.240 0.148 —-0.173 0.681 —0.571%**
Shoot dry ro —0.541 —0.254 —0.238 —-0.272 0.143 —-0.171 0.751 —(0.582%%*
weight (mg)
r —0.494 —-0.275 —0.222 —0.249 0.143 —-0.167 0.705 —0.561%**

p

r,=Genotypic correlation coefficient and r,=Phenotypic correlation coefficient
Residual effect: r,=0.241 and r,=0.299, ** and *** indicates 1% and 0.1% level of probability
‘Bold values’ indicate the proportion of direct effect of the studied traits on SES
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(0.751). At the phenotypic level, live leaves percentage
(= 0.620) had a direct negative effect on SES. Shoot length
(-0.341), root length (-0.321), root fresh weight (-0.265)
and shoot fresh weight (-0.173) showed a direct negative
effect on SES whereas a direct positive effect was found
with root dry weight (0.189) and shoot dry weight (0.705).
The indirect negative effect was found with live leaves (%),
root length, root fresh weight and shoot fresh weight on SES
whereas an indirect positive effect was found with root dry
weight and shoot dry weight both at the genotypic and phe-
notypic levels (Table 5).

The residual effect of path analysis at genotypic and
phenotypic levels were 0.241 and 0.299, respectively. It
indicated that the effect of component traits on salt sever-
ity (SES) was 75.90% at the genotypic level and 70.10% at
the phenotypic level with the rest of 24.10% and 29.90%,

respectively contributed by other factors such as environ-
mental factors or traits those were not studied.

Grouping of rice genotypes based on cluster
analysis

Depending on the range of diversity, thirty-two rice geno-
types were grouped into four clusters based on Mahalanobis
D? results. The distribution pattern revealed that the maxi-
mum number of genotypes (34.37%) were in cluster I while
cluster IT included the lowest number of genotypes (15.63%).
Cluster IIT and IV included eight genotypes in each (25.00%)
(Table 6 and Fig. 2). In all cases, it was observed that the
inter-cluster distances were greater than the intra-cluster
distances (Supplementary Table 3). Maximum intra-cluster
diversity was observed in cluster II (3.642) and minimum
intra-cluster diversity was found in cluster III (2.656). The

Table 6 Clustering of the rice genotypes based on the morphological traits through Mahalobnis D? statistical method

Clusters No. of geno- Percentage (%) Name of the genotypes
types
1 11 34.37 Machranga, Jotai, Ghunsi, Khoiramota, Ranisalute, Benapole, Rajashail, Blockkhira, Hatibe-
jor, Mouthamota, Bohorimota
11 5 15.63 Holdegotal-2, Rupeshwar-2, Panbota, Pokkali, Morichshail
III 8 25.00 Pothao, Moulota, Swarnagota, Jessoreswarna, Nunia, Swarnajana, Mulagoboru, Binadhan-17
v 8 25.00 Ruhango, Bashfulbalam, Betichikon, Khoiya, Vojon, Gotalia, Lalmatha, Binadhan-10

Fig.2 Euclidean distance of the
genotypes shown in a dendro-
gram based on complete linkage e -
method
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maximum inter-cluster distance was found between cluster
II and Cluster III (10.857) followed by the distance between
clusters II and IV (8.382), cluster I and III (7.019) and
cluster I and II (6.682) where the minimum distance was
observed between Cluster I and IV (4.333). The mean per-
formance of different clusters for different morphological
traits reflected that all the genotypes with the highest live
leaves (%), shoot length, root length, root fresh weight, root
dry weight, shoot fresh weight and shoot dry weight were
grouped into cluster IT whereas cluster III included all the
genotypes with lowest values of above-mentioned traits.
Genotypes having the highest SES were distributed in cluster

Fig.3 Salt tolerance indices
of the rice genotypes based

on their morphological traits
RLSTI=Root length salt
tolerance index, LLSTI=Live
leaves (%) salt tolerance index,
SLSTI=Shoot length salt toler-
ance index, RFWSTI=Root
fresh weight salt tolerance
index, RDWSTI=Root dry
weight salt tolerance index,
SFWSTI = Shoot fresh

weight salt tolerance index,
SDWSTI=Shoot dry weight
salt tolerance index

Cluster |

Genotypes

Cluster |

RLSTI

III whereas genotypes having the lowest SES were found in
cluster II (Supplementary Table 4).

The heatmap based on salt tolerance indices of mor-
phological parameters using Euclidean distance coeffi-
cient grouped all the rice genotypes into two main clus-
ters (Fig. 3). The distribution pattern revealed that thirteen
genotypes were found in Cluster I, viz., Jessoreswarna,
Pothao, Binadhan-17, Nunia, Khoiya, Mulagoboru, Mou-
lota, Swarnagota, Betichikon, Swarnajana, Morichshail,
Ghunsi and Khoiramota. These genotypes were considered
as salt-susceptible because these genotypes were clustered
with susceptible check Binadhan-17, and the heatmap

Salt Tolerance Indices
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revealed that these genotypes had minimum stress toler-
ance indices (STIs) values. On the other hand, nineteen
genotypes were clustered in Cluster II, viz., Bohorimota,
Jotai, Benapole, Pokkali, Lalmatha, Machranga, Ruhango,
Rupeshwar-2, Bashfulbalam, Binadhan-10, Blockkhira,
Vojon, Gotalia, Holdegotal-2, Rajashail, Ranisalute,
Mouthamota, Panbota and Hatibejor. These genotypes
were considered as salt tolerant because these genotypes
were clustered with tolerant check Binadhan-10 as well as
tolerant landrace Pokkali, and the heatmap revealed that
these genotypes had maximum STI values based on mor-
phological parameters.
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Genetic similarity analysis

Molecular characterization of the rice genotypes was per-
formed using two SSR markers, RM7075 and RM 10825,
to identify the rice genotypes, which possessed Saltol
QTL. The DNA bands obtained from different genotypes
compared with the DNA bands of phenotypically tolerant
genotypes. In this study, considerable variability was found
among different genotypes. In most cases, Binadhan-10
and other salt-tolerant cultivars exhibited similar banding
patterns. Amplification profiles as revealed by RM 10825
and RM7075 across the number of genotypes depicted in
Fig. 4 and Table 7. Six genotypes viz., Benapole, Moulota,
Mulagoboru, Mouthamota, Holdegotal-2 and Morichshail
were found similar. As like as Swarnajana, Betichikon,
Rajashail, Gotalia, Jessoreswarna, Khoiya, Ranisalute,

100 bo DNA Ladder
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Fig.4 a Genotyping of 32 rice genptypes using RM10825, b RM7075 SSR markers
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Table 7 Amplified DNA fragment size (bp) for detecting SSR mark-
ers RM7075 and RM10825 in the rice genotypes

SI. No Genotypes RM7075 RM10825
1 Ghunsi 104 88
2 Khoiramota 126 88
3 Panbota 127 88
4 Moulota 116 93
5 Rupeshwar-2 135 88
6 Pokkali 107 84
7 Holdegotal-2 108 87
8 Jessoreswarna 109 86
9 Pothao 135 91
10 Nunia 110 86
11 Morichshail 133 87
12 Bashfulbalam 110 86
13 Vojon 112 86
14 Mouthamota 124 87
15 Swarnagota 106 86
16 Gotalia 114 86
17 Betichikon 115 86
18 Blockkhira 139 88
19 Swarnajana 115 81
20 Mulagoboru 108 85
21 Lalmatha 139 86
22 Rajashail 115 86
23 Khoiya 126 86
24 Ruhango 139 86
25 Ranisalute 140 86
26 Machranga 122 88
27 Jotai 117 88
28 Benapole 159 93
29 Hatibejor 137 88
30 Bohorimota 132 88
31 Binadhan-10 120 89
32 Binadhan-17 120 89

Swarnagota, Vojon, Bashfulbalam, Nunia, Lalmatha and
Ruhango were in same banding pattern, further, Pothao,
Rupeshwar-2, Blockkhira, Bohorimota, Ghunsi, Hatibejor,
Jotai, Khoiramota, Machranga and Panbota were genetically
similar.

Discussion

After initial screening, thirty-two rice genotypes were
selected and exposed to the five different levels of treat-
ments. The genotypes were sorted out and selected as toler-
ant according to modified SES by studying their various
stress symptoms such as yellowing and drying of leaves,
leaf curling, reduced rate of growth and seedling dying

which were also observed in several rice genotypes due
to the effect of salt stress by Bonilla et al. (2002), Bhui-
yan (2005) and Islam et al. (2007). However, the seedlings
which were not subjected to saline treatments, i.e., grown
under control treatment showed normal plant growth. The
salt tolerant genotypes showed relatively better growth and
fewer symptoms than the susceptible genotypes after salini-
zation. Thirteen genotypes (Panbota, Pokkali, Holdegotal-2,
Morichshail, Vojon, Mouthamota, Gotalia, Blockkhira, Lal-
matha, Rajashail, Hatibejor, Bohorimota and Binadhan-10)
were found highly tolerant and fifteen genotypes were found
tolerant at EC: 08 dS m™! (Table 1). After increasing salin-
ity stress to EC: 10 dS m™!, the number of highly toler-
ant genotypes decreased to seven (Pokkali, Holdegotal-2,
Vojon, Blockkhira, Lalmatha, Rajashail and Hatibejor). At
EC: 13 dS m~! and EC: 15 dS m~!, none of the studied geno-
types showed high salt-tolerant ability. Only twelve geno-
types (Panbota, Pokkali, Holdegotal-2, Morichshail, Vojon,
Mouthamota, Gotalia, Blockkhira, Lalmatha, Rajashail,
Hatibejor and Bohorimota) found tolerant at 13 dS m™! com-
pared with check varieties. Besides, six genotypes (Pokkali,
Holdegotal-2, Vojon, Blockkhira, Rajashail and Hatibejor)
were tolerant to salt stress at EC: 15 dS m™' and the rest of
them were either moderately tolerant or highly susceptible. It
indicates that the tolerance level decreases with the increase
of salinity level (Zeng and Shannon 2000).

Analysis of variance specified that the difference among
the genotypes for all the traits studied was highly significant
and indicated the importance of these traits with significant
SES to determine the salt tolerance of the selected geno-
types (Table 2) (Rahmanzadeh et al. 2008). Live leaves (%)
of plants decreased significantly with the increased salinity
levels and eventually caused total drying of leaves in some
genotypes such as Pothao, Ruhango, Swarnajana, Betichikon
at EC: 15 dS m™' (Supplementary Table 2). It was observed
due to the leaf rolling, drying of leaves, and brownish or
whitish leaf tip under the saline condition, which are typi-
cal symptoms of salt stress causing a detrimental effect to
plant survival (Islam et al. 2007). Shoot and root growth
are important indices of salt tolerance (Tuna et al. 2008)
which are restricted by salinity stress in rice cultivars. The
results from this study showed a decreased root and shoot
length in all the genotypes under salinity stress and the
tolerant genotypes (Pokkali, Holdegotal-2, Vojon, Block-
khira, Rajashail and Hatibejor) showed higher root and shoot
length compared to the susceptible genotypes. Similar obser-
vations of reduced root and shoot length under salinity stress
were reported by Hussain et al. (2013) and Tahjib-Ul-Arif
et al. (2018). In consequence, reduced shoot and root, fresh
and dry weight were observed in the study that was also
reported by Kapoor and Pande (2015). The reduction in root
and shoot fresh and dry weight were lower in salt tolerant
rice genotypes than in the sensitive ones (Supplementary
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Table 2), which were also observed in previous studies
(Rasel et al. 2018; Huda et al. 2019). This could result in
higher biomass production by the tolerant genotypes under
salinity stress (Huda et al. 2019).

A wide range of variation was found in genotypes by
treatments, which indicates the existence of huge genetic
variation and diversity among the studied genotypes. The
genetic analysis showed that the PCV was higher than the
GCV for all the characters (Table 3) studied indicating the
presence of environmental influence to some extent in the
phenotypic expressions (Prajapati et al. 2011; Huda et al.
2019). The higher values of PCV and GCV would further
facilitate the possibility of improvement of those genotypes
through selection of desired characters. The highest PCV
and GCV were found in root fresh weight and shoot fresh
weight indicating a wide range of variability among these
traits. Very low GCV was found in case of live leaves (%)
indicating that lack of inherent variability and limited scope
for improvement through selection for this trait among the
genotypes (Huda et al. 2017; Rasel et al. 2018).

In plant breeding program, heritability is a crucial param-
eter that helps to select heritable plant traits (Rathi et al.
2010; Farshadfar et al. 2013; Roy and Shil 2020). The results
from the present study reported that all the traits expressed
high heritability (98.64-100%) (Table 3). High heritability
values indicate that the traits under study are less influenced
by the environment and have a greater possibility of genetic
improvement through selection methods (Lipi et al. 2020;
Roy and Shil 2020). These findings are in accordance with
the minimum difference between phenotypic and genotypic
variances. Such findings of high heritability coupled with
less difference between phenotypic and genotypic variances
among different morphological traits selected for the salin-
ity screening of rice genotypes were previously reported by
Huda et al. (2017), which allows selecting these traits for
breeding purposes in the individual plant by adopting simple
selection methods.

The traits studied such as root and shoot fresh weight
showed high heritability with high genetic advances (Hos-
seini et al. 2012) that are controlled by additive gene action
(Senguttuvel et al. 2016). It indicates that the accumulation
of additive genes will be leading to further improvement
in the performance of rice genotypes considering these
traits. Furthermore, high heritability with moderate or low
genetic advance was found in all other traits of the genotypes
studied in this study, which could facilitate the possibility
of improvement by inter-crossing with superior genotypes
(Samadia 2005; Roy and Shil 2020).

Correlation coefficients of all morphological traits of
thirty-two rice genotypes at genotypic and phenotypic levels
revealed significant and negative relations with SES which
implied the selection criteria of these traits in response to
salt stress (Huda et al. 2019) (Table 4). The determination
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of direct and indirect effects of the traits on the selection cri-
teria was very useful through path coefficient analysis. The
path coefficient analysis showed that live leaves (%), shoot
and root length, shoot and root fresh weight had a direct
negative effect on SES whereas shoot dry weight and root
dry weight had a direct positive effect on SES at both geno-
typic and phenotypic level (Table 5). This finding showed a
comparatively higher effect of the shoot and root dry weight
on salinity stress indices than the other traits studied (Osman
et al. 2012; Rasel et al. 2018; Huda et al. 2019); suggesting
that the selection based on these traits would be helpful for
the screening and improvement of salt tolerance ability in
rice.

Further, clustering of the genotypes based on their mor-
phological performances under salinity stress would facili-
tate the evaluation of salt tolerance among the rice genotypes
(Chunthaburee et al. 2016; Siddiqui et al. 2017). Depend-
ing upon the range of diversity, thirty-two rice genotypes
were grouped into four clusters (Table 6 and Supplemen-
tary Table 3). When compared to intra-cluster distances, the
inter-cluster distances were larger, indicating greater geno-
typic variation among the genotypes of the diverse groups
(Pervin et al. 2017). The highest number of genotypes was
found in cluster I whereas the lowest number was found in
cluster II. The overall composition of the clustering pattern
showed that local rice landraces were highly diverse and
hence distributed in different clusters. These diverse geno-
types could serve as potential germplasm for the improve-
ment of both qualitative and quantitative traits (Rasel et al.
2020). Maximum intra-cluster diversity was observed in
cluster II (3.642) along with the highest mean values of all
the studied traits coupled with the lowest SES. Hence, mass
selection followed by pure line selection within these clus-
ters would be feasible to improve the cultivars of cluster
II, in terms of the traits of interest or in general agronomic
stability. A simple selection may be practiced based on the
top priority for the desirable traits, which would be useful in
crop improvement through inter-varietal hybridization (Joshi
et al. 2008). On the contrary, the maximum inter-cluster dis-
tance was found between cluster II and cluster III (10.857)
showing wider variation among the genotypes of these two
groups would be beneficial for combining the agronomically
superior features in inter-varietal hybridization among the
genotypes (Subudhi et al. 2009). Hence, the genotypes from
cluster I could be good materials for the development of salt
tolerant cultivar (Table 6).

The SSR marker-based screening was reported as the
most used and applicable method in rice for salinity toler-
ance (Kordrostami et al. 2017; Rasel et al. 2018; Huda
et al. 2019). In this study, clear bands were observed in
almost all genotypes using two SSR markers; RM 10825
and RM7075 (Fig. 4) which indicated the presence of Sal-
tol QTL in those genotypes. However, this finding was
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not absolute to determine the tolerance level of all gen-
otypes although they have Saltol QTL. Using only two
markers would not be able to explore the genomic regions
of Saltol QTL to find the salt-tolerant germplasm (Singh
et al. 2018). Further research in this regard or based on
allele-specific markers would be rational to consider. The
phenotypic study showed that six genotypes (Pokkali,
Holdegotal-2, Vojon, Blockkhira, Rajashail and Hatibe-
jor) were tolerant and ten genotypes were moderately tol-
erant at EC: 15 dS m~! (Table 1) which produced DNA
bands at molecular experiment by using two SSR markers.
Kumari et al. (2018) conducted a similar study to iden-
tify salt-tolerant rice lines where Pokkali was identified
as a salt-tolerant genotype by using SSR markers. Ghunsi,
Holdegotal and Rajashail were also reported as salt-tol-
erant genotypes likewise salt-tolerant check Binadhan-10
(Rasel et al. 2020). Therefore, the selected rice genotypes
through morphological (Table 1) and molecular (Fig. 4 and
Table 7) screening could be the potential sources for the
use in salinity-tolerant rice breeding as well as molecular
marker development.

Conclusions

Rice production is drastically threatened over the south-
ern regions of Bangladesh due to one of the major abiotic
stresses, i.e., soil salinity. There are a number of local
varieties available and cultivated within this region with-
out prior knowledge of their salt tolerance ability. The
present study reported and conserved fifty-seven local rice
landraces that could be a milestone for the researchers
in studying important traits of rice including yield and
salinity tolerance. Moreover, morpho-molecular screen-
ing of all these rice genotypes at the most sensitive plant
growth stage to salinity i.e., seedling stage revealed six
genotypes such as Pokkali, Holdegotal-2, Vojon, Block-
khira, Rajashail and Hatibejor as the best performer in
the highest level of salinity treatment i.e., EC: 15 dS m~".
The salt tolerance ability of these local rice genotypes
showed better performance than that of the tolerant check,
Binadhan-10. Therefore, these genotypes could be used
as potential donors of Saltol QTL to develop salt tolerant
commercial rice varieties through plant breeding.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s42976-023-00438-7.
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