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Abstract
Salinity has been identified as key abiotic stress factor limiting rice production in many countries around the globe, including 
Bangladesh. In the present study, we examined the effects of salt-induced toxicity on growth of rice landraces for screening 
salt-tolerant genotypes by assessing morpho-physiological, biochemical, and molecular responses. Screening of 28 rice geno-
types at seedling stage was performed at 12 dS m−1 salinity level in hydroponic media. Most of the rice genotypes showed 
an apparent reduction in growth traits, while a fewer showed less reduction under salinity stress. Euclidean clustering and 
heatmap based on morpho-physiological parameters dissected rice genotypes into three major clusters, viz., susceptible, 
moderately tolerant, and tolerant. Results of cluster analysis revealed Nonabokra, Hogla, Ghunsi, Holdegotal, Nonabokra, 
and Kanchon as salt-tolerant rice genotypes. These genotypes also were grouped using three microsatellite markers, viz., 
RM493, RM3412b, and RM140 that were closely linked to saltol QTL showed Hogla, Ghunsi, Holdegotal, Nonabokra, 
Kanchon, BINA dhan-8, and BINA dhan-10 as salt-tolerant genotypes considering genetic similarity in dendrogram. The 
positive relationships of Na+/K+ ratio with hydrogen peroxide (H2O2) and malondialdehyde (MDA), and antioxidant enzymes’ 
activity in the tolerant rice genotypes indicated their importance for improving salinity tolerance. The salt-tolerant landraces 
showed lower Na+/K+ ratio, high proline accumulation, lower H2O2 accumulation and MDA content, and higher catalase and 
ascorbate peroxidase activities. Higher antioxidant enzymes’ activity and lower H2O2 accumulation in tolerant genotypes 
indicate their abilities to fight against oxidative stress. Based on all morpho-physiological clustering, biochemical response, 
and molecular dendrogram, Nonabokra, Hogla, Ghunsi, Holdegotal, and Kanchon were identified as the salt-tolerant lan-
draces. Therefore, these identified salt-tolerant landraces could be useful to improve breeding program for the development 
of salt-tolerant high-yielding rice cultivars in future.
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Introduction

Rice (Oryza sativa L.) is the most vital global food crop 
that serves over half of the world’s population (Kordrostami 
et al. 2017). Especially, around 400 million people of Asia, 
Africa, and South America are predominantly dependent on 
this food crop (Surridge 2004; Joseph et al. 2010). Nearly 
11% of the world’s arable land is used for rice cultivation 
annually (Chakravarthi and Naravaneni 2006). It is also the 
staple food crop in Bangladesh that ranked first by produc-
tion among the crops grown in the country (BBS 2016). The 
total rice growing area in Bangladesh covers approximately 
10.83 million hectares leading to the production of 33.54 
million metric tons (Kibria et al. 2017). Increasing climate 
change vulnerability results in cultivable land depletion, 
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whereas it is thematic issue to ensure food supply for the 
ever-increasing population by intensifying rice production 
constantly (Kabir et al. 2015). Soil salinity is an acute prob-
lem to constrain crop production due to adverse climate 
change in the shoreline areas, especially in the low-lying 
developing countries around the globe (Nicholls et al. 2007). 
It is projected that more than 800 million hectares of land are 
adversely affected by salinity all over the world (Munns and 
Tester 2008). Salt intrusion is a huge concern for the coastal 
area in southern part of Bangladesh which deteriorates the 
soil health and fertility status resulting low agricultural 
production thus threaten food security (Ahmed and Haider 
2014). The coastal areas encompass approximately 30% of 
the cultivable lands, wherein, 53% of the coastal areas are 
affected by varying degrees of salinity and usually these 
lands remain fellow (Haque 2006). Because, crop plants are 
unable to grow in that salinity prone area due to imbalance 
of biological and biochemical functions.

Salinity distresses plants by means of osmotic stress, 
accumulation to toxic levels within the cells, and the inter-
ference with the uptake of mineral nutrients (Jenks et al. 
2007). Salinity sternly confines crop growth, development, 
productivity and subsequently, triggers the nonstop loss of 
arable lands (Pons et al. 2011). The development of salt-tol-
erant cultivars can be the most effective approach to cultivate 
rice in the salt affected lands (Tahjib-Ul-Arif et al. 2017). 
For further upgrading the rice salt tolerance, it is a crucial 
assignment to explore the underlying defense mechanisms 
of the salt tolerance in plants (Cha-um et al. 2009). Improve-
ment of salinity tolerance in rice is predominantly associ-
ated with the maintenance of low Na+/K+ ratio, through salt 
exclusion, salt dilution, leaf-to-leaf compartmentalization, 
salt reabsorption, and Na+ partitioning (Omisun et al. 2018). 
Na+/K+ ratio is one of the major factors for improving the 
salinity tolerance in plants (Sun et al. 2014). Plants accu-
mulate many compatible solutes in the cytoplasm to accel-
erate their hyperosmotic balance to protect the cells from 
salt stress-induced water stress which leads to the balance 
of the osmotic potential of Na+ and Cl− being demurred 
into the vacuole (Islam et al. 2016a). Along with, increased 
level of proline accumulation in plants is also correlated 
with improvement of salt tolerance (Gharsallah et al. 2016; 
Ashraf and Foolad 2007). Proline accumulates normally 
in plant cytosol is correlated with osmotic adjustment to 
improve plant salinity tolerance (Hayat et al. 2012). Moreo-
ver, salinity-induced oxidative stress leads to the production 
of significant level of reactive oxygen species (ROS) that 
causes lipid peroxidation and interferes with membrane sta-
bility under stressful conditions (Chunthaburee et al. 2016). 
Fascinatingly, plants possess an array of enzymatic and non-
enzymatic antioxidant defense systems to safeguard them 
from the damage caused by ROS (Apel and Hirt 2004). The 
notable ROS-scavenging antioxidant enzymes are catalase 

(CAT), peroxidase (POX) and ascorbate peroxidase (APX) 
(Gill and Tuteja 2010). These enzymes scavenge H2O2 with 
different mechanisms under stress conditions, and therefore, 
plants activate these enzymatic antioxidant systems to avoid 
excessive ROS accumulation during stress conditions (Has-
san et al. 2017).

The salt-tolerant plants are equipped with distinct physi-
ological and biochemical mechanisms by which they can 
counteract stress-induced adversities (Gupta and Huang 
2014). Mostly, rice is a salt-sensitive crop, therefore to cul-
tivate rice in salt affected areas, it is crucial to elucidate 
the principle components of the plant salt tolerance network 
(Deinlein et al. 2014) and development of salt-tolerant cul-
tivars required salt-tolerant gene donor plants (Das et al. 
2015). The rice landraces can be a promising candidate of 
salt-tolerant gene because landraces has a great adaptation 
capacity to extreme environmental conditions (Hossain et al. 
2013). A number of rice landraces are grown under extreme 
salinity condition without any management practices in 
southern parts of Bangladesh (Kamruzzaman et al. 2017). 
Therefore, landraces could be used as preferred potential 
donors of salt tolerance traits because of their local adapta-
tion (Ibrahim et al. 2016). Salt-tolerant varieties can also 
be developed by marker-assisted selection or genetic engi-
neering by introducing salt tolerance genes (Reddy et al. 
2017). However, one of the best approaches for the breed-
ing for salt tolerance is to discover the DNA markers that 
are tightly linked to the tolerance related traits (Kordrostami 
et al. 2017). Therefore, the identification of major gene loci 
for salt tolerance near a microsatellite marker can be used by 
plant breeders for better understanding and efficient selec-
tion of salt-tolerant genotypes (Rubel et al. 2014). The iden-
tification of major loci conferring salt tolerance especially at 
the seedling stage play very important role for the advance-
ment of rice breeding for salt tolerance (Chowdhury et al. 
2016) and quantitative trait loci (QTL) associated with salt 
tolerance have been detected already by different types of 
microsatellite markers in rice (Singh et al. 2007; Hossain 
et al. 2015).

Rice plant shows considerable variability in salinity tol-
erance in different growth stages such as germination, early 
seedling and active tillering stages (Manzanilla et al. 2011). 
Screening of rice genotypes at seedling stage is readily 
acceptable as it is based on a simple criterion of selection; 
it provides rapid screening which is difficult at vegetative 
and reproductive stages (Gregorio et al. 1997). Therefore, 
the screening of rice genotypes for salt tolerance at early 
stages may be important for salt tolerance (Ali et al. 2014). 
Therefore, based on the above discussion the present study 
has been conducted to evaluate rice landraces to examine 
their differential salt-tolerance levels by assessing morpho- 
physiological traits and employing microsatellite markers 
at the seedling stage to screen the supreme salt-tolerant 
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genotypes. Furthermore, biochemical responses of some 
selected salt-tolerant and susceptible genotypes were per-
formed to clarify the salt tolerance mechanisms.

Materials and Methods

Plant Materials, Growth Conditions, and Treatments

A total of 28 rice genotypes (Table 1) were used in this 
experiment in which 25 genotypes were landraces collected 
from southern part of Bangladesh and three genotypes were 
high yielding cultivars used as a standard check in screening 
that were collected from Bangladesh Institute of Nuclear 
Agriculture (BINA). Seed germination and seedlings 
growth conditions were maintained as described previously 
(Tahjib-Ul-Arif et al. 2018a). However, some modification 
throughout the study were described here in brief. Initially, 
rice seeds were kept in the oven at 50 °C for 2 days for 
breaking the dormancy. Thereafter, seeds were sterilized 
by treating with 0.1% HgCl2 and 70% ethanol for 3 min 

followed by washed with distilled water to sterile from the 
seed borne pathogen. The sterilized seeds were placed in 
9-cm petri dishes (50 seeds/petri dish) on moist filter paper 
and allowed to germinate at room temperature (25 ± 2 °C) 
for 4 days. Afterward, the germinated seeds were transferred 
on to a floating Styrofoam sheet and placed in 12-L plastic 
tray containing nutrient solution (Peter water-soluble ferti-
lizer 20:20:20 + ferrous sulpfate heptahydrate) in the green 
house maintaining optimal growth condition for rice seed-
lings (Roy et al. 2016). The pH of the nutrient solution was 
adjusted to the range of 5.1–5.3 by a pH meter (Hanna HI 
2211), to ensure the continuous supply of the nutrients to the 
plants. The solution was stirred three times daily because the 
iron and some other nutrients get precipitated within 7–8 h. 
The 3-day-old rice seedlings were exposed to salt stress by 
applying nutrient solution containing salt (electrical con-
ductivity, EC-12.0 dS m−1 using unrefined seashore salt 
composition of which is sodium chloride with some trace 
minerals like potassium, iron, and zinc). The control plants 
were grown in only nutrient solution. The EC was meas-
ured by an EC-meter (Hanna HI 4321) and kept constant 

Table 1   List of rice genotypes 
used in this experiment

Sl. no. Name of the genotypes Types of genotypes

V1 Goccha Landraces
V2 Ghunsi Landraces
V3 Rajashail Landraces
V4 Bousohagi Landraces
V5 CR india Landraces
V6 Nonabokra Landraces
V7 Khaskini Landraces
V8 Kathigoccha Landraces
V9 Inchi Landraces
V10 Kanchon Landraces
V11 Lalgotal Landraces
V12 Hori Landraces
V13 Durgavog Landraces
V14 Kolmilota Landraces
V15 Kasfulbalam Landraces
V16 Holdegotal Landraces
V17 Tejminiket Landraces
V18 Ruppessor Landraces
V19 Porodbalam Landraces
V20 Saiodmota Landraces
V21 Hogla Landraces
V22 Khakibiroi Landraces
V23 Katarongi Landraces
V24 BINA dhan-10 High yielding salt-tolerant cultivar (check)
V25 Vusieri Landraces
V26 Kalsi Landraces
V27 BINA dhan-8 High yielding salt-tolerant cultivar (check)
V28 BINA dhan-17 High yielding salt-susceptible cultivar (check)
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throughout the experiment. The control plants were grown 
in nutrient solution without salt (EC 1.2 dS m−1). The rice 
seedlings were grown in the saline medium for next 18 days. 
The experiment was laid out in randomized complete block 
design (RCBD) with two treatments, viz., control and salin-
ity treatments with three replicates (each replication con-
tained 10 seedlings).

The modified standard evaluation score (SES) was used 
in rating the visual symptoms of salt toxicity (IRRI 1997) at 
18th day after salinization. This scoring discriminated the 
susceptible from the tolerant and the moderately tolerant 
genotypes.

Measurement of Growth and Physiological 
Parameters

All of the morphological and physiological parameters were 
recorded after 18 days of salinization. Different plant char-
acters data were taken from 10 seedlings in each replicate 
for each genotype, and then the average was taken. Percent-
ages of the live leaves (LL) were measured by dividing the 
number of live leaves by total number of leaves multiplied by 
hundred. Survival rate (SR) was calculated by dividing the 
number of live plants by total number of plants multiplied 
by hundred. Total number of roots (TNR) was measured by 
counting the number of roots in each plant in close obser-
vation. The root length (RL) was measured from the shoot 
initiation to the root tip and shoot length (SL) measured 
by deducting plant length from root length. SPAD meter 
was used (Chlorophyll Meter, SPAD-502, Minolta, Japan) 
to measure the relative amount of leaf chlorophyll content 
(CC). SPAD readings were taken from the middle portion 
of 2nd leaf of the seedling. Immediately after harvesting, 
the shoot samples were separated from the root and the root 
fresh weight (RFW) and shoot fresh weight (SFW) were 
taken carefully by using an electric balance. For the deter-
mination of root dry weight (RDW) and shoot dry weight 
(SDW), plant samples were separately enclosed in a brown 
envelop (20 × 10 cm) and oven-dried at 60 °C for 3 days. 
These morphological and physiological parameters were 
used to determine the different susceptibility index (SI) as 
given formula in the Supplementary Table 1.

Genotyping of Rice Germplasm

Genomics DNA was extracted as previously described modi-
fied Cetyl Trimethyl Ammonium Bromide (CTAB) mini-
prep method using fresh leaves of 18-day-old rice seedlings 
(Dellaporta et al. 1983). The quantity of DNA was estimated 
spectrophotometrically using NanoDrop (ND 1000, Thermo 
Scientific, Madison, USA). Concentrated DNA samples were 
diluted to about 50 ng µL−1 by adding sterilized ddH2O. 
Three SSR primers (viz. RM493, RM240 and RM3412b) 

linked to salt tolerance QTL and located on chromosome 1 
were employed for the molecular screening of the selected 
rice genotypes for salt tolerance (Chowdhury et al. 2016; 
Ganie et al. 2016; Chattopadhyay et al. 2014; Islam et al. 
2011) (http://www.grame​ne.org). The polymerase chain 
reaction (PCR) cocktail had total volume of 10.0 µL reaction 
mixture including 2 µL genomic DNA, 1.0 µL each of for-
ward and reverse primers, 1.0 µL of 10 × buffer (0.1 mol L−1 
Tris, pH 8.3, 0.5 mol L−1 KCl, 7.5 mmol L−1 MgCl2 and 
0.1% gelatin), 1.0 µL of dNTPs from 2.5 mmol L−1, 0.2 µL 
of Taq polymerase (Western Scientific CO, Bangladesh) 
and 3.8 μL sterile distilled water was placed in the PCR 
tubes under the ice box. PCR (PTC-200MJ Thermocycler) 
condition was maintained as initial denaturation at 94 °C 
for 5 min, followed by 34 cycles of denaturation at 94 °C 
for 1 min, annealing at 55 °C for 1 min and 72 °C for 2 min 
with a final extension of 72 °C for 2 min. PCR products were 
electrophoretically resolved in vertical electrophoresis tank, 
run on 8.0% polyacrylamide gels in 1.0% TBE buffer. The 
gel was soaked in ethidium bromide (10 mg ml−1) solution 
for 20 min. The resolved bands were documented using a gel 
documentation system Alpha imager HP (Alpha Innotech, 
Fisher Scientifics, USA). The size of the amplified frag-
ments was determined by comparing the migration distance 
of amplified fragments relative to the molecular weight of 
known size DNA ladder.

Biochemical Characterization of Rice Genotypes

Among 28 rice genotypes, five salt-tolerant landraces (Hold-
egotal, Ghunsi, Hogla, Kanchon and Nonabokra) according 
to SES score based on morphological performance under 
salinity stress and three high yielding cultivars (BINA dhan-
8 and BINA dhan-10 as salt-tolerant check and BINA dhan-
17 as salt-susceptible check) were selected for biochemical 
analysis to reveal the salt tolerance mechanism. For this 
study, 6-day-old seedlings of these selected rice genotypes 
were grown under control condition (only nutrient solution, 
EC 1.2 dS m−1) and 12 dS m−1 salinity conditions for 7 days 
as previously described. The third leaves of rice plants were 
collected and stored at − 20 °C temperature until further 
biochemical analysis.

Determination of Ion Concentrations

The following protocol was performed to determine sodium 
(Na+) and potassium (K+) in the leaves of plants. The fresh 
leaves of rice seedlings were taken and washed with de-
ionized water thereafter the samples were dried in oven at 
60 °C for 72 h. Dried shoot samples were grinded using a 
tissue grinder, and 0.2 g of grinded powder of each samples 
was taken into a Kjeldahl flask and dissolved with 10.0 ml  
di-acid mixture (nitric acid and perchloric acid in 2:1 ratio) 

http://www.gramene.org
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and kept for 2–2.5 h in digestion block at 200 °C tempera-
ture. After proper digestion and cooling, samples were 
filtrated and transferred into volumetric flask, and double-
distilled water was added to make-up a final 50.0 ml volume. 
Samples were further diluted using double-distilled water. 
The Na+ and K+ contents were measured using flame pho-
tometer (Jencon PFP 7, JENCONS-PLS, UK) according to 
Brown and Lilleland (1946).

Determination of Proline Content

Proline content of seedling’s leaves was determined accord-
ing to the method as described previously (Bates et al. 1973) 
with some modifications. About 50 mg of fresh leaf sample 
was homogenized in a mortar with pestle using 10.0 ml of 
3.0% sulfosalicylic acid. The homogenate was centrifuged 
at 8000×g, and 2.0 mL of the supernatant was taken into 
the screw-capped tube. Afterward, 2.0 mL acid ninhydrin 
reagent and 2.0 ml glacial acetic acid were mixed, and the 
mixture was shaken thoroughly. The tubes were incubated 
for 1 h at 100 °C in a hot water bath, and the reaction was 
terminated in an ice bath. 4.0 mL of toluene was added to 
each of the tube and then stirred vigorously for 15-20 s. 
The toluene was separated from the aqueous phase and col-
lected carefully. Absorbance of the collected toluene was 
measured at 520 nm in a spectrophotometer (Shimadzu, 
UV-1201, Kyoto, Japan) against reagent blank. Proline con-
centration was estimated with reference to standard curve 
and expressed as mg 100 g−1 FW.

Determination of Hydrogen Peroxide (H2O2) 
and Malondialdehyde (MDA) Content

For determination of H2O2 content, 0.2 g fresh weight of 
leaf tissues was homogenized with 2.5 ml of trichloroacetic 
acid (0.1%, w/v). Afterwards, the solution centrifuged at 
11,500×g for 15 min at 4 °C and then, the supernatant was 
added to 1.0 ml of 10.0 mM potassium phosphate buffer 
(pH 7.0) and 1.0 ml of 1.0 M potassium iodide and incu-
bated under dark condition for 1 h. The absorbance of the 
chromophore was recorded at 390 nm. The H2O2 content was 
computed by using extinction coefficient 0.28 µM−1 cm−1 
(Tahjib-Ul-Arif et al. 2018b).

For the measurement of lipid peroxidation the MDA con-
tent was measured as an end product of lipid peroxidation 
following the method of Tahjib-Ul-Arif et al. 2018c.

Determination of Antioxidant Enzymes Activity

About 50.0  mg of fresh leaf sample was collected and 
homogenized with 3.0 mL of 50 mM potassium phosphate 
buffer (pH 8.0) in a mortar and pestle. The homogenate 
was centrifuged at 11,500×g for 10 min at 4 °C. The clear 

supernatant was used for assaying the catalase (CAT) and 
ascorbate peroxidase (APX) activity.

CAT (EC: 1.11.1.6) activity was determined by follow-
ing the method of Aebi (1984) with some modifications. 
Exactly 0.7 ml of 50 mM potassium phosphate buffer (pH 
8.0), 0.1 ml of EDTA and 0.1 ml of H2O2 were added in an 
Eppendorf tube and mixed well. Reaction was started by 
adding 0.1 ml of enzyme extract, and changes in absorb-
ance were recorded immediately at 240 nm at 30 s interval 
for two minutes. The activity of CAT was calculated from 
the decrease in absorbance per minute when the extinction 
coefficient of H2O2 was 40 M−1 cm−1.

APX (EC: 1.11.1.11) activity was determined by follow-
ing the method of Hoque et al. (2007) with some modifica-
tions. About 0.6 ml of 50 mM potassium phosphate buffer 
(pH 8.0), 0.1 ml of EDTA, 0.1 ml of H2O2 and 0.1 ml of 
ascorbate were added in an Eppendorf tube and mixed well. 
Reaction was started by adding 0.1 ml of enzyme extract, 
and changes in absorbance were recorded immediately at 
290 nm at 30 s interval for two minutes.

Statistical Analysis

Data were subjected to two-way analysis of variance using 
MSTAT-C software package (Freed et al. 1989) and least 
significant difference (LSD) test at P < 0.05 indicates sig-
nificant differences among the treatments and genotypes 
according by different alphabetical letters in the same col-
umn. The heat map and hierarchical clustering was per-
formed by MetaboAnalyst 4.0 (Chong et al. 2018) using all 
the SI values of different genotypes. The Pearson’s correla-
tions analysis among different biochemical parameters was 
performed by Minitab 17.0. The Unweighted Pair Group 
Method of Arithmetic Means (UPGMA) (Sneath and Sokal 
1973) was constructed based on the genetic distance using 
the Molecular Evolutionary Genetics Analysis (MEGA) 6.0 
software (Tamura et al. 2013). The size of the amplified frag-
ments was determined using Alpha-Ease FC 5.0 software 
(Alpha Innotech, USA).

Results

Screening of Rice Landraces for Salt Tolerance 
Relying on SES Scores

Rice seedlings under control condition showed normal 
growth whereas under saline condition showed several 
symptoms of salt injury, such as yellowing and drying of 
leaves, reduction in root and shoot growths, reduced stem 
thickness, and dying of seedlings, were also observed. 
Moreover, some other symptoms such as leaf rolling and tip 
whitening were also observed. After 7 days of salinization, 
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eight genotypes, namely, Goccha, Bousohagi, Khaskini, 
Kathigoccha, Lalgotal, Rupessor, Vusieri, and BINA dhan-
17 were found dead, and these genotypes were designated 
as very susceptible (SES score was 8–9). After 18 days of 
salinization, seven genotypes Ghunsi, Kanchon, Nonabokra, 
Holdegotal, Hogla, BINA dhan-8, and BINA dhan-10 were 
identified as tolerant (SES score was 2–4) wherein, eight 
genotypes Rajashail, CR India, Hori, Durgavog, Kalmilota, 
Kakhibiroi, Katarangi, and Kalsi were moderately tolerant 
(SES score was 4–6); and five genotypes Inchi, Kasfulbalam, 
Tejminiket, Porodbalam, and Saiodmota were found as sus-
ceptible (SES score was 6–8) (Table 2).

Morphological Traits Based Screening of Rice 
Genotypes at Seedling Stage

Salt stress caused a decrease in growth parameters of rice 
seedlings in all genotypes, as shown in Table 3. Rice seed-
lings showed various degree of phenotypic response under 
salinity stress. As eight genotypes (Goccha, Bousohagi, 
Khaskini, Kathigoccha, Lalgotal, Rupessor, Vusieri and 
BINA dhan-17) were completely died after 7 days of salini-
zation, the morphological parameters for those genotypes 
had not measured (Table 3) and the SI was considered maxi-
mum (100) for these genotypes (Table 4). Tolerant geno-
types were least affected than susceptible genotypes under 
salt stress for different morpho-physiological traits such as 
LL, SR, SL, RL, CC, TNR, RFW, SFW, RDW and SDW. 
The LL was drastically reduced in all rice genotypes when 
exposed to salt stress. Salt-susceptible Hori (86.5%), Kasful-
balam (84.99%) and Khakibiroi (81.2%) had showed greater 
LLSI under salt stress whereas minimum LLSI was found 
in salt-tolerant Nonabokra (12.5%) followed by Kanchon 
(15.9%), Holdegotal (17.4%) and Hogla (33.4%). Under salt 
stress conditions, SR was significantly decreased in all the 
rice genotypes compared to control condition. Some geno-
types showed greater SRSI, viz., Kasfulbalam (85.0%), CR 
India (83.0%), and Hori (81.25%), whereas salt-tolerant 
Hogla (0%), BINA dhan-8 (20%), Kanchon (20%), and 
Holdegotal (20%) had reported least SRSI compared to rest 
of the genotypes. Under salinity stress, maximum TNRSI 
was found in Inchi (85.71%), Katarangi (83.3%), and Porod-
balam (71.4%) whereas minimum TNRSI were observed 
for Nonabokra (16.6%), BINA dhan-10 (16.6%), and Ghunsi 
(28.57%). RL and SL of rice seedlings were notably reduced 
in all genotypes under saline conditions, but the salt-toler-
ant genotypes, namely, BINA dhan-8, Holdegotal, Ghunsi, 
and Nonabokra showed the lowest RLSI and SLSI whereas 
maximum RLSI and SLSI values had been reported in 
salt-susceptible genotypes, viz., Hori, Porodbalam, Kas-
fulbalam, Katarangi, Durgavog, CR India, and Khakibi-
roi. The CC in rice seedlings showed differential response 
under salinity stress and significantly decreased in all rice 

genotypes at higher salinity. Under salinity stress condition, 
Kasfulbalam, Tejminiket, and Porodbalam showed maxi-
mum (100%) CCSI whereas minimum CCSI were observed 
for Nonabokra (7.9%) followed by Hogla (9.7%), Kanchon 
(27.2%), BINA dhan-10 (21.17%), and Holdegotal (32.3%). 
Fresh weights and dry weights of roots and shoots were con-
siderably reduced in all genotypes under salinity stress. In 
case of RFW and SFW, maximum RFWSI and SFWSI were 
reported in salt-susceptible genotypes Hori and Katarangi, 
whereas salt-tolerant Ghunsi, Nonabokra, Hogla, and BINA 
dhan-10 showed the lowest RFWSI and SFWSI under salin-
ity stress. Similarly, maximum RDWSI and SDWSI were 
also found in highly salt-susceptible genotypes, namely, CR 

Table 2   Evaluation of standard evaluation score (SES) scoring in rice 
genotypes following 18 days of salinized condition (EC 12 dS m−1) 
grown in hydroponic system at the seedling stage

1–9 scale, where score 1 indicates highly tolerant (HT), score 2–4 
indicates tolerant (T), score 4–6 indicates moderately tolerant (MT), 
score 6–8 indicates susceptible (S), and score 8–9 indicates highly 
susceptible (HS)

Name of the genotypes SES score Salinity 
toler-
ance

Goccha 9.0 HS
Ghunsi 3.12 T
Rajashail 5.6 MT
Bousohagi 9.0 HS
CR india 5.93 MT
Nonabokra 3.06 T
Khaskini 9.0 HS
Kathigoccha 9.00 HS
Inchi 6.53 S
Kanchon 3.39 T
Lalgotal 9.00 HS
Hori 5.60 MT
Durgavog 5.73 MT
Kalmilota 4.60 MT
Kasfulbalam 6.20 S
Holdegotal 3.10 T
Tejminiket 6.86 S
Ruppessor 9.00 HS
Porodbalam 6.06 S
Saiodmota 6.73 S
Hogla 3.12 T
Khakibiroi 5.46 MT
Katarongi 5.72 MT
BINA dhan-10 3.06 T
Vusieri 9.00 HS
Kalsi 5.80 MT
BINA dhan-8 3.39 T
BINA dhan-17 9.00 HS
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Table 3   Performances of rice genotypes in response to different morphological and physiological traits at seedling stage under salinized 
(12 dS m−1) and nonsalinized conditions

Genotypes Treatment LL % SR % TNR RL SL CC RFW RDW SFW SDW

Goccha Control 66.66 d 100.0 a 6.00 ab 5.57 op 21.30 g 21.22 g–j 9.10 i–k 1.05 ij 9.10 o–q 1.50 o
EC-12 0.00 l 0.00 g 0.00 g 0.00 t 0.00 p 0.00 t 0.00 x 0.00 t 0.00 y 0.00 w

Ghunsi Control 66.66 d 100.0 a 6.00 ab 5.57 op 21.30 g 21.22 g–j 9.10 i–k 1.05 ij 9.10 o–q 1.50 l–o
EC-12 41.60 g 40.00 e 5.00 bc 6.35 n–p 22.70 g 11.60 no 9.10 i–k 1.73 de 8.50 q 1.03 o–t

Rajashail Control 66.66 d 100.0 a 5.00 bc 9.25 ij 20.90 g 17.60 m 7.80 l–n 1.34 f 11.30 kl 2.30 ij
EC-12 45.00 g 75.00 bc 4.00 cd 7.68 m 12.26 k 9.23 pq 6.20 pq 0.84 kl 6.90 rs 1.55 l–n

Bousohagi Control 77.70 bc 100.0 a 6.00 ab 10.30 e–g 28.08 a 24.16 c–e 14.00 a 2.75 b 13.80 d–f 4.25 cd
EC-12 0.00 l 0.00 g 0.00 g 0.00 t 0.00 p 0.00 t 0.00 x 0.00 t 0.00 y 0.00 w

CR India Control 58.30 ef 100.0 a 5.00 bc 8.10 k–m 11.74 k 22.00 e–j 8.00 lm 1.07 h–j 9.00 pq 1.05 o–t
EC-12 16.00i–k 17.00f 3.00de 2.90 s 4.50 n 7.75 qr 4.00 uv 0.10 st 4.70 v 0.30 vw

Nonabokra Control 88.89 a 100.0 a 6.00 ab 11.20 cd 26.60 a–c 21.50 f–j 10.20 h 1.93 d 13.5 e–g 3.20 e–g
EC-12 77.70 bc 40.00 e 5.00 bc 6.30 n–p 22.70 e–g 19.70 jkl 6.56 p 1.34 f 10.90 lm 2.75 ghi

Khaskini Control 75.00 bc 100.0 a 5.00 bc 7.80 lm 16.30 ij 23.50 c–g 5.50 qr 0.40 o–q 6.50 r–t 0.42 vw
EC-12 0.00 l 0.00 g 0.00 g 0.00 t 0.00 p 0.00 t 0.00 x 0.00 t 0.00 y 0.00 w

Kathigoccha Control 57.14 ef 100.0 a 7.00 a 12.40 a 24.62 c–e 24.30 cd 9.60 h–j 1.06 h–j 12.60 h–j 1.05 o–t
EC-12 0.00 l 0.00 g 0.00 g 0.00 t 0.00 p 0.00 t 0.00 x 0.00 t 0.00 y 0.00 w

Inchi Control 73.30 c 100.0 a 7.00 a 11.20 c–e 26.30 a–c 28.20 a 12.3 b–d 0.74 lm 15.00 c 1.50 l–o
EC-12 15.0 i–k 20.00 f 1.00 fg 4.50 q 9.27 lm 3.50 s 5.40 rs 0.42 pq 6.20 st 1.18 n–t

Kanchon Control 80.00 b 100.0 a 6.00 ab 9.30 ij 18.26 hi 23.76 c–f 11.40 ef 1.20 f–i 13.40 e–h 1.70 k–m
EC-12 67.30 d 80.00 b 4.00 cd 6.20 n–p 10.05 kl 17.30 m 7.90 lm 0.76 lm 7.30 r 1.50 l–o

Lalgotal Control 77.70 bc 100.0 a 7.00 a 9.45 h–j 28.08 a 24.16 c–e 9.50 h–j 0.97 jk 16.00 b 4.25 cd
EC-12 0.00 l 0.00 g 0.00 g 0.00 t 0.00 p 0.00 t 0.00 x 0.00 t 0.00 y 0.00 w

Hori Control 88.80 a 80.00 b 6.00 ab 11.30 cd 25.30 b–d 21.75 f–j 12.30 b–d 1.30 fg 14.00 de 2.75 g–i
EC-12 12.00 jk 15.00 f 2.00 ef 3.20 rs 1.80 op 3.50 s 4.20 tu 0.30 pr 3.00 wx 0.13 w

Durgavog Control 58.30 ef 100.0 a 6.00 ab 12.45 a 21.46 g 22.76 d–g 9.00 jk 0.40 pq 12.00 jk 4.00 d
EC-12 12.00 jk 20.00 f 3.00 de 5.50 p 7.30 m 7.00 r 4.50 tu 0.12 st 8.50 q 0.40 u–w

Kolmilota Control 88.80 a 100.0 a 6.00 ab 11.20 cd 27.30 ab 19.80 j–l 11.50 d–f 1.13 g–j 12.90 g–i 2.30 ij
EC-12 55.50 f 80.00 b 3.00 de 7.70 m 22.2 efg 18.04 lm 8.50 kl 0.97 jk 8.60 q 1.33 m–p

Kasfulbalam Control 66.66 d 100.0 a 6.00 ab 11.90 ac 22.3 e–g 21.88 f–j 9.20 i–k 1.23 f–i 9.00 pq 0.83 q–u
EC-12 10.00 k 15.00 f 2.00 f 4.20 q 3.20 no 0.00 t 5.00 rst 0.43 pq 2.60 x 0.10 w

Holdegotal Control 53.80 f 100.0 a 6.00 ab 8.20 k–m 26.50 a–c 19.80 j–l 12.00 c–e 1.32 f 14.80 c 4.50 bc
EC-12 44.4 gh 80.00 b 4.00 cd 6.40 no 15.90 ij 13.40 n 6.70 op 0.76 lm 9.50 op 3.20 e–g

Tejminiket Control 77.70bc 80.00b 6.00 ab 12.50a 24.20 c–f 20.20 i–l 6.40 p 0.97 jk 10.60 l–n 1.30 m–q
EC-12 20.00 i 60.00 d 3.00 de 7.90 lm 7.46 m 0.00 t 3.30 v 0.50 n–p 5.10 uv 1.05 o–t

Rupessor Control 56.50 ef 100.0 a 7.00 a 11.20 cd 18.30 hi 21.45 g–j 8.00 lm 0.42 pq 9.30 o–q 0.80 r–u
EC-12 0.00 l 0.00 g 0.00 g 0.00 t 0.00 p 0.00 t 0.00 x 0.00 t 0.00 y 0.00 w

Porodbalam Control 66.66 d 100.0 a 7.00 a 11.20 c–e 26.7 a–c 26.87 ab 11.8 c–f 2.22 c 12.20 ij 5.20 a
EC-12 20.00 i 60.00 d 2.00 ef 3.90 qr 7.60 lm 0.00 t 5.00 r–t 0.43 pq 5.70 tu 0.70 t–v

Saiodmota Control 58.30 ef 100.0 a 6.00 ab 12.45 a 24.5 c–e 22.76 d–g 11.00 fg 0.40 pq 14.40 cd 3.50 e
EC-12 18.00 ij 20.00 f 3.00 de 5.50 p 7.78 lm 7.00 r 2.20 w 0.19 r–t 3.50 w 0.93 p–t

Hogla Control 66.66 d 100.0 a 6.00 ab 12.30 ab 26.20 ac 22.6 d–h 9.58 h–j 1.92 d 13.00 f–i 2.57 h–j
EC-12 44.40 gh 100.0 a 4.00 cd 8.30 k–m 20.50 gh 20.40 h–k 7.90 lm 1.36 f 10.30 mn 1.83 kl

Kakhibiroi Control 66.60 d 80.0 b 6.00 ab 11.51 bc 27.50 ab 22.10 d–i 12.90 b 2.75 b 17.00 a 4.75 b
EC-12 12.50 jk 40.00 e 3.00 de 6.80 n 7.50 m 6.30 r 7.00 op 1.06 ij 6.00 t 1.26 n–r

Katarangi Control 53.30 f 100.0 a 6.00 ab 11.00 c–f 26.00 a–c 18.90k–m 12.40 bc 1.88 de 13.00 f–i 3.20 ef
EC-12 11.10 k 40.00 e 1.00 fg 4.40 q 7.72 lm 5.90 r 4.60 stu 0.28 qrs 4.60 v 0.73 s–v

BINA dhan-10 Control 88.89 a 100.0 a 6.00 ab 10.2 f–h 28.50 a 22.48 d–i 10.30 gh 1.93 d 12.50 ij 4.21 cd
EC-12 56.00 f 70.00 c 5.00 bc 7.96 lm 22.60 e–g 17.60 m 7.50 m–o 0.96 jk 11.00 lm 2.90 f–h

Vusieri Control 62.50 de 100.0 a 7.00 a 10.20 gh 21.90 fg 21.30 g–j 9.96 hi 3.32 a 17.00 a 2.34 ij
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India, Katarangi, Porodbalam, Hori, and Durgavog, whereas 
minimum RDWSI and SDWSI were reported in salt-tolerant 

genotypes, viz., Ghunsi, Hogla, Kanchon, and Nonabokra 
under salinity stress compared to other genotypes.

Table 3   (continued)

Genotypes Treatment LL % SR % TNR RL SL CC RFW RDW SFW SDW

EC-12 0.00 l 0.00 g 0.00 g 0.00 t 0.00 p 0.00 t 0.00 x 0.00 t 0.00 y 0.00 w
Kalsi Control 66.66 d 100.0 a 6.00 ab 10.40 d–g 22.90 dg 25.10 bc 7.00 n–p 0.62 m–o 9.90 no 1.22 n–s

EC-12 35.00 g 60.00 d 4.00 cd 6.90 n 16.85 ij 19.87 j–l 5.00 r–t 0.42 pq 7.30 r 0.76 s–v
BINA dhan-8 Control 66.66 d 100.0 a 6.00 ab 9.98 g–i 24.30 c–f 21.68 f–j 9.80 h–j 1.20 f–h 12.90 g–i 2.12 jk

EC-12 38.50 h 80.00 b 4.00 cd 8.60 j–l 15.30 j 13.40 n 6.89 op 0.66 l–n 8.60 q 1.16 n–t
BINA dhan-17 Control 73.30 c 100.0 a 7.00 a 10.50 d–g 26.30 a–c 28.20 a 12.30 b–d 0.74 lm 13.90 de 1.04 o–t

EC-12 0.00 l 0.00 g 0.00 g 0.00 t 0.00 p 0.00 t 0.00 x 0.00 t 0.00 y 0.00 w

SI (susceptibility index) was estimated as [(control value − salt treatment value)/control value × 100. Different letters in a column indicates the 
statistical significant difference based on LSD at P < 0.05
LL (%) leaf live (%), SR (%) survival rate, TNR total number of roots, RL root length (cm), SL shoot length (cm), CC chlorophyll content, RFW 
root fresh weight (mg), RDW root dry weight (mg), SFW shoot fresh weight (mg), SDW shoot dry weight (mg)

Table 4   Different physiological 
indices of rice genotypes at 
seedling stage under salinity 
stress

Here the parameters, LLSI, SRSI, TNRSI, RLSI, SLSI, CCSI, RFWSI, RDWSI, SFWSI and SDWSI indi-
cates the susceptibility index of leaf live (%), survival rate, total number of roots, root length (cm), shoot 
length (cm), chlorophyll content, root fresh weight (mg), root dry weight (mg), shoot fresh weight (mg) and 
shoot dry weight (mg) respectively

Genotypes LLSI SRSI TNRSI RLSI SLSI CCSI RFWSI RDWSI SFWSI SDWSI

Goccha 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Ghunsi 53.20 60.00 28.57 43.51 14.66 53.97 10.78 10.36 32.00 31.33
Rajashail 32.49 25.00 20.00 16.97 41.34 47.56 20.51 37.31 38.94 32.65
Bousohagi 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
CR India 72.56 83.00 40.00 64.42 61.67 64.77 50.00 90.84 47.78 71.43
Nonabokra 12.50 60.00 16.67 43.51 14.66 7.90 35.69 30.56 19.26 14.06
Khaskini 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Kathigoccha 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Inchi 79.54 80.00 85.71 59.82 64.75 87.59 56.10 42.84 58.67 21.33
Kanchon 15.88 20.00 33.33 33.33 44.96 27.19 30.70 36.67 45.52 15.25
Lalgotal 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Hori 86.49 81.25 66.67 71.78 92.90 83.92 65.85 72.31 78.57 95.27
Durgavog 79.42 80.00 50.00 55.82 65.98 69.24 50.00 69.50 29.17 89.25
Kolmilota 37.50 20.00 50.00 31.25 18.50 8.89 26.09 14.16 33.33 42.17
Kasfulbalam 85.00 85.00 66.67 64.71 85.68 100.00 45.65 64.90 71.11 88.36
Holdegotal 17.40 20.00 33.33 22.42 40.00 32.32 44.17 42.42 35.81 28.89
Tejminiket 74.26 25.00 50.00 36.80 69.17 100.00 48.44 48.45 51.89 19.23
Rupessor 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Porodbalam 70.00 40.00 71.43 65.18 71.62 100.00 57.63 80.63 53.28 86.54
Saiodmota 69.13 80.00 50.00 55.82 68.32 69.24 80.00 52.50 75.69 73.43
Hogla 33.39 0.00 33.33 32.52 21.88 9.73 17.54 29.17 20.77 28.79
Kakhibiroi 81.25 50.00 50.00 40.92 72.73 71.60 45.74 61.45 64.71 73.47
Katarangi 79.17 60.00 83.33 60.29 70.33 68.91 62.90 84.95 64.62 77.54
BINA dhan-10 37.00 30.00 16.67 22.27 20.70 21.71 27.18 50.26 12.00 31.12
Vusieri 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Kalsi 46.90 40.00 33.33 33.65 26.42 20.90 28.57 31.70 26.26 37.70
BINA dhan-8 42.19 20.00 33.33 13.83 37.14 38.19 29.69 47.20 33.33 45.28
BINA dhan-17 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Grouping of Rice Genotypes for Salt Tolerance Based 
on Cluster Analysis

The heatmap and cluster analysis based on susceptibil-
ity index of morphological and physiological parameters 
using Euclidean distance coefficient grouped all the rice 
genotypes into three main clusters (Cluster-I, -II and -III) 
(Fig. 1). The distribution pattern revealed that 10 genotypes 
were found in Cluster-I, viz., Ghunsi, Kanchon, Nonabokra, 
Hogla, Holdegotal, BINA dhan-8, BINA dhan-10, Rajashail, 
Kalmilota, and Kalsi. Among these, 10 genotypes, BINA 
dhan-8 and BINA dhan-10, were tolerant checked, and 
the heatmap showed that these genotypes had the lowest 
SI based on morphological and physiological parameters. 
Therefore, the genotypes in Cluster-I can be considered as 
tolerant genotypes. On the other hand, eight genotypes were 
clustered in Cluster-II, viz., Goccha, Bousohagi, Khaskini, 
Kathigoccha, Lalgotal, Rupessor, Vusieri, and BINA dhan-
17. These genotypes were considered as salt-susceptible 

because these genotypes were clustered with susceptible 
check, BINA dhan-17, and the heatmap revealed that these 
genotypes had maximum SI value. Rest of the 10 genotypes 
were found in Cluster-III, viz., CR India, Hori, Kasfulbalam, 
Durgavog, Saiodmota, Kakhibiroi, Porodbalam, Katarangi, 
Inchi, and Tejminiket. Among these, CR India, Hori, Durga-
vog, Kakhibiroi, and Katarangi showed moderate SES score 
and SI based on morphological and physiological traits, and 
these genotypes were considered as moderately salt tolerant. 
Rest of them are marked as susceptible genotypes.

Genetic Similarity Analysis Using UPGMA

A dendrogram constructed based on Nei’s (1973) genetic 
distance using Unweighted Pair Group Method of Arith-
metic Means (UPGMA) indicated differentiation of the 
28 rice genotypes by 3 markers (viz. RM493, RM240 and 
RM3412b) (Fig. 2, Supplementary Fig. 1A–C). All 28 rice 
lines could be easily distinguished in the dendrogram. The 

Fig. 1   Hierarchical clustering and heatmap elucidating the genotype-
variable relationships. The susceptibility indexes of different morpho-
logical parameters were normalized and clustered. Here, live leaves’ 
susceptibility index, LLSI; survival rate susceptibility index, SRSI; 
total number of roots susceptibility index, TNRSI; shoot length sus-
ceptibility index, SLSI; root length susceptibility index, RLSI; chlo-
rophyll content susceptibility index, CCSI; root fresh weight suscepti-
bility index, RFWSI; shoot fresh weight susceptibility index, SFWSI; 
root dry weight susceptibility index, RDWSI; shoot dry weight  

susceptibility index, SDWSI. Three distinct clusters (I–III) were iden-
tified at the genotype level. Color scale shows the intensity of the 
normalized mean values of different parameters. Cluster I: Ghunsi, 
Kanchon, Nonabokra, Hogla, Holdegotal, BINA dhan-8, BINA dhan-
10, Rajashail, Kalmilota, and Kalsi; Cluster-II: Goccha, Bousohagi, 
Khaskini, Kathigoccha, Lalgotal, Rupessor, Vusieri, and BINA dhan-
17; Cluster III: CR India, Hori, Kasfulbalam, Durgavog, Saiodmota, 
Kakhibiroi, Porodbalam, Katarangi, Inchi, and Tejminiket 
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UPGMA cluster analysis led to the grouping of the 28 
genotypes in four major clusters (Cluster-I, -II, -III and 
-IV) (Fig. 2). The genotypes of Cluster-I (Goccha, Rupes-
sor, CR India, Durgavog, Vusieri, Kakhibiroi, Kalmilota, 
Saoidmota, Inchi and BINA dhan-17) is considered as salt-
susceptible genotypes. The two genotypes Kanchon, BINA 
dhan-8 are considered as salt-tolerant genotype of Cluster-
II whereas Kalsi, Porodbalam, Katarangi, and Tejmini-
ket showed relatively higher SI and SES scores based on 
morphological and physiological traits, and therefore were 

identified as moderately salt tolerant or as salt susceptible. 
All genotypes namely Hori, Lalgotal, Khaskini, Bouso-
hagi, Kasfulbalam, and Kathigoccha of Cluster-III showed 
higher salt susceptibility with similar SES scorings based 
on phenotypic traits, and therefore, these are considered 
as salt-susceptible genotypes. The salt-tolerant check 
BINA dhan-10 is found in Cluster-IV, and this cluster also 
contains other five landrace genotypes Nonabokra, Hold-
egotal, Ghunsi, Hogla, and Rajashail which showed also 
lowest SI and thus considered as salt tolerant.

Fig. 2   Dendrogram showing the 
clustering of 28 rice genotypes 
at seedling stage based on 
unweighted pair group method 
(UPGMA) using pairwise Nei’s 
genetic distance based on three 
SSR markers (RM493, RM240, 
and RM3412b). Cluster I: 
Rupessor, Goccha, CR India, 
Durgavog, Vusieri, Kakhibiroi, 
Kalmilota, Saoidmota, Inchi, 
and BINA dhan-17; Cluster II: 
Kalsi, Porodbalam, Katarangi, 
Kanchon, BINA dhan-8, and 
Tejminiket; Cluster III: Hori, 
Lalgotal, Khaskini, Bousohagi, 
Kasfulbalam, and Kathigoccha; 
and Cluster IV: Nonabokra, 
Holdegotal, Ghunsi, Hogla, 
BINA dhan-10, and Rajashail 
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Effects of Salinity on Biochemical Attributes of Rice 
Genotypes

Among the 28 genotypes, eight rice genotypes namely Non-
abokra, Holdegotal, Kanchon, Ghunsi, Hogla, BINA dhan-8, 
BINA dhan-10 and BINA dhan-17, were selected for different 
biochemical analyses to reveal the underlying salt tolerance 
mechanism.

Na+ and K+ Concentrations

The results of the study showed that Na+/K+ ratio was 
increased in all genotypes but the greater increment was 
observed only in only BINA dhan-17 under salt stress con-
dition compared to that of control. Relatively lower accu-
mulation of Na+ was found in salt-tolerant landraces, due 
to the expense of more K+ like salt-tolerant check geno-
types, which leads to the maintenance of minimal Na+/K+ 
in comparison to the salt-susceptible check BINA dhan-17 
which displayed higher Na+/K+ when salt treatment was 
imposed. Among all the genotypes, the lowest Na+/K+ ratio 
was achieved by salt-tolerant Ghunsi followed by BINA 
dhan-10 and Holdegotal whereas maximum Na+/K+ ratio 
was observed in salt-sensitive genotype BINA dhan-17 under 
salt stress condition which was significantly higher than that 
under control condition and other rice genotypes (Fig. 3a).

Proline Accumulation

In the present study, salt stress evidently induced a marked 
change in proline accumulation relative to the level in the 
control (Fig. 3b). Salt-tolerant genotypes accumulated rela-
tively higher amount of proline content with the increase of 
salinity whereas proline content was significantly reduced in 
salt-susceptible BINA dhan-17 compared to that of control. 
Among all the genotypes, maximum amount of proline con-
tents was found in BINA dhan-8 followed by Kanchon and 
BINA dhan-10 whereas BINA dhan-17 exhibited the signifi-
cant reduction in intercellular proline content under salinity 
stress compared to that of control plants.

H2O2 and MDA Contents

To investigate salt-induced oxidative damage in the rice 
genotypes, H2O2 and MDA contents were measured in the 
leaves under salt stress. The amounts of H2O2 and MDA var-
ied significantly among different rice genotypes under two 
treatments (Fig. 3c, d). The results of the study demonstrated 
that salt stress led to the enhancement of H2O2 and MDA 
almost in all genotypes at the seedling stage compared to the 
nontreated plants (control treatment). However, the incre-
ment of H2O2 was the highest in salt-sensitive BINA dhan-
17. By contrast, salt-tolerant landraces, viz., Nonabokra 

(25.69 nmol g−1 FW) followed by Holdegotal (29 nmol g−1 
FW) and Ghunsi (32 nmol g−1 FW), showed less accumu-
lation of H2O2 similar to salt-tolerant check BINA dhan-
8 (36.2407 nmol g−1 FW) under salinity stress compared 
to salt-sensitive genotype BINA dhan-17 (71.07 nmol g−1 
FW) (Fig. 3c). Similarly, Ghunsi (25.74 nmol g−1 FW) 
followed by Nonabokra (27.77 nmol g−1 FW) and Hogla 
(31.2 nmol g−1 FW) also maintained lower value of MDA 
content in leaves in saline treatment similar to BINA dhan-
10 (34.65 nmol g−1 FW), whereas the amount of MDA was 
maximum in salt-sensitive BINA dhan-17 (67.74 nmol g−1 
FW) in saline conditions (Fig. 3d).

Antioxidant Enzyme Activities

Antioxidant enzymes are the most important components in 
the scavenging system of ROS. To evaluate the influence of 
soil salinity on antioxidant systems in rice, CAT and APX 
were measured (Fig. 3e, f). Under salinity stress, there was a 
significant increase of CAT and APX activities in all salt-tol-
erant rice genotypes (Hogla, Holdegotal, Nonabokra, Kan-
chon, Ghunsi, BINA dhan-8, and BINA dhan-10), whereas 
it was found to be decreased in the salt-sensitive cultivar 
(BINA dhan-17). At EC 12 dS m−1, maximum amount of 
CAT activity was reported in Hogla followed by BINA dhan-
10 and Kanchon compared to control, whereas CAT activity 
was decreased in salt-sensitive BINA dhan-17 under saline 
condition (Fig.  3e). Similarly, Holdegotal accumulated 
maximum amount of APX content followed by Kanchon 
and Ghunsi, whereas APX content was found to reduce in 
salt-sensitive BINA dhan-17 under salinity stress compared 
to control (Fig. 3f).

Correlation Among Different Biochemical Attributes

Pearson’s correlations among different biochemical traits 
of salt-stressed rice genotypes are presented in Table 5. 
The results revealed that Na+/K+ had significant and posi-
tive relationship with H2O2 (r = 0.859**, P < 0.01) MDA 
(r = 0.730**, P < 0.01), CAT (r = 0.701**, P < 0.01) 
and APX (r = 0.620**, P < 0.05) except proline content 
(r = 0.273NS) which showed nonsignificant relationship 
with Na+/K+ in saline conditions. The antioxidant enzyme 
activities namely CAT and APX reflected very strong signifi-
cant positive relationship with H2O2 (r = 0.758**, P < 0.01 
and 0.799**, P < 0.01 respectively) and MDA (r = 0.709**, 
P < 0.01 and 0.845**, P < 0.01 respectively) when salinity 
is imposed in rice genotypes. Similarly, proline also had 
similar correlation pattern and displayed positive and sig-
nificant relationship with H2O2 (r = 0.506*, P < 0.05), MDA 
(r = 0.568*, P < 0.05), CAT (r = 0.763**, P < 0.01) and APX 
(r = 0.790**, P < 0.01).
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Discussion

In the present study, different morpho-physiological, bio-
chemical, and molecular characteristics of rice genotypes 
were examined during seedling stage under salt stress con-
dition to screen relatively salt-tolerant rice genotypes. Salt 
stress caused a decrease in growth performance of seedlings 
of all rice genotypes (Table 3). The cell-cycle machinery of 

plants precluded under stressed condition which commands 
to dysfunction in cell division and differentiation and even-
tually causes plant growth reduction (Veylder et al. 2007). 
Roots play a primary role in particular changes in plants 
because roots make direct contact with the soil to absorb 
water and other essential nutrients (Kumari et al. 2015; Zhai 
et al. 2013). Salinity reduces the ability of roots to extract 
water with nutrients and disarranges many physiological 

Fig. 3   Effects of salinity on a 
Na+/K+ ratio, b proline content, 
c H2O2 content, d malon-
dialdehyde (MDA) content, e 
catalase (CAT), and f ascorbate 
peroxidase (APX) enzymes’ 
activities in eight rice genotypes 
(mean ± SE, n = 3). Different 
letterings indicate significant 
differences among the geno-
types and treatments based on 
LSD at P < 0.01, and error bars 
indicate standard errors
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and biochemical processes in plant such as nutrient uptake, 
photosynthesis, redox homeostasis, and toxic ion assimila-
tion which ultimately leads to death of the plants (Munns 
and Tester 2008; Motos et al. 2017). Similar result was also 
found in our study where salinity stress reduced SR of rice 
seedlings (Table 3). Therefore, root and shoot growths are 
inhibited under salinity stress (Tuna et al. 2008) which is 
also in agreement with our findings (Table 3). Along with 
shoot growth the LL and CC had been negatively affected 
by salinity stress, which is in line with the previous findings 
(Chen and Yu 2007). The mortality of leaves increased with 
increased salt stress at early seedling growth stage in all 
rice cultivars (Shereen et al. 2005). High salt concentration 
causes stunted shoots due to the inhibition of symplastic 
xylem loading of calcium by salt in the root (Läuchli and 
Grattan 2007). The reduction of LL was due to the leaf roll-
ing, drying of leaves, brownish and whitish color of leaf tip 
under saline condition resulting in the decrease of SL as 
well as CC in all genotypes under high-salinity conditions, 
although tolerant genotypes, viz., Hogla, Kanchon, Holdego-
tal, and BINA dhan-10 maintain less reduction by adopting 
some defensive mechanisms (Table 3). Salt toxicity appears 
primarily in the older leaves whereas Na+ and Cl− build up 
in the transpiring leaves for a long time resulting in high salt 
concentration and leaf death, which ultimately reduces leaf 
area as well as photosynthesis rate of plant, which might be 
associated with the complex of photosystem II (PSII) (Amir-
jani 2011; Munns et al. 2006). The reduction of CC of leaves 
might have occurred due to the degradation of chlorophyll 
under salt stress (Ashraf and Harris 2013). Salt stress causes 
the oxidative stress which decreases the number and size 
of chloroplasts and destroys it (Santos 2004; Khafagy et al. 
2009). The phenomena of lower water potential in the cell 
under salt stress causes stomatal closure, chloride overload-
ing, low Mg2+, and inhibited CO2 assimilation supporting 
very bad impact on photosynthesis which also causes chlo-
rophyll content reduction (Motos et al. 2017; Pattanagul and 
Thitisaksakul 2008).Therefore, the variation of CC under 

salt stress condition could be used as an indicator to iden-
tify salt-tolerant and salt-susceptible plants (Naumann et al. 
2008). Moreover, salinity caused a significant reduction of 
shoot and root biomasses which might be due to the inhibi-
tion of root’s and shoot’s growths and chlorophyll degrada-
tions (Table 3). Similar result was reported previously where 
the salinity stress caused the reduction of fresh weights of 
root and shoot in plants (Chunthaburee et al. 2016; Akhzari 
et al. 2012; Datta et al. 2009). The lowest dry weight of root 
and shoot was observed in salt-sensitive genotypes cv. CR 
India, Katarangi, and Hori, whereas the salt-tolerant geno-
types, viz., Ghunsi, Nonabokra, Kanchon, Hogla, and BINA 
dhan-10, showed relatively higher value under high salin-
ity stress (Table 3), as also reported by Tatar et al. (2010) 
and Talat et al. (2013) in rice and wheat under salt stress 
conditions.

Salinity increased the susceptibility index (SI) of mor-
pho-physiological traits of all genotypes although the tol-
erant genotypes showed the lowest SI compared to the 
salt-susceptible genotypes (Table 4). The results of our 
study revealed that all genotypes showed higher growth 
performances under nonsaline conditions, but under saline 
conditions, only tolerant genotypes (viz. Ghunsi, Non-
abokra, Hogla, Holdegotal, Kanchon, BINA dhan-8, and 
BINA dhan-10) showed higher growth compared to salt-
sensitive genotypes (Table 3). This is probably due to the 
salt tolerance ability of the tolerant genotypes by adopt-
ing some morphological, physiological, or biochemical 
mechanisms. These findings are in agreement with those of 
Islam et al. (2009) and Abeer et al. (2013) in rice. Findings 
of the present study also demonstrated that the CCSI and 
SI of fresh weights, and dry weights of shoot (SFWSI and 
SDWSI) and roots (RFWSI and RDWSI) were higher in 
salt-sensitive genotypes but the lowest in salt-tolerant rice 
genotypes (Table 4). Previously, some researchers used SI 
successfully to distinguish tolerant and susceptible plants 
(Senguttuvel et  al. 2016; Tahjib-Ul-Arif et  al. 2018a;  
Jamshidi and Javanmard 2017).

Table 5   Pearson’s correlation 
coefficients among the 
biochemical parameters from 
eight rice genotypes exposed to 
EC-12 dS m−1

Each square indicates the Pearson’s correlation coefficient of a pair of parameters. Pro, proline content; 
H2O2, hydrogen peroxide content; MDA, malondialdehyde, CAT, catalase activity, and APX, ascorbate 
peroxidase activity. ‘**’ correlation is significant at the 0.01 level, and ‘*’ correlation is significant at the 
0.05 level

Parameters Parameters

Na+/K+ Pro H2O2 MDA CAT​ APX

Na+/K+ 1
Pro 0.273 1
H2O2 0.859** 0.506* 1
MDA 0.730** 0.568* 0.866** 1
CAT​ 0.701** 0.763** 0.758** 0.709** 1
APX 0.620* 0.790** 0.799** 0.845** 0.797** 1
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The modified SES scoring of visual salt injury based on 
phenotypic traits characterized the twenty-eight rice geno-
types. The genotypes showed large variations in salinity tol-
erance, and also wide variations observed in phenotypes in 
rice from tolerant (score 3) to highly susceptible (score 9) 
using SES of IRRI standard protocol were reported previ-
ously (Islam and Baset Mia 2007). Some genotypes such 
as Ghunsi, Nonabokra, Holdegotal, Kanchon, Hogla, BINA 
dhan-8, and BINA dhan-10, which showed minimum visual 
salt injury symptoms under salinity stress, were identified 
as salt tolerant; and the others which showed greater visual 
injury were considered as salt susceptible and highly suscep-
tible according to respective SES scoring levels (Table 2). 
Ali et al. (2014) and Siddiqui et al. (2017) also conducted 
an experiment for screening purpose and reported signifi-
cant differences in injury rates among the genotypes under 
salinity stress.

The heatmap and morphological clustering based on 
Euclidean distances (Fig. 1) categorized the 28 rice gen-
otypes into three clusters in which the genotypes Ghunsi, 
Nonabokra, Holdegotal, Hogla, Kanchon, Rajashail, Kalmi-
lota, and Kalsi followed by BINA dhan-8 and BINA dhan-
10 were found in Cluster-I, which showed lowest reduction, 
and these are considered as salt tolerant except Rajashail, 
Kalmilota, and Kalsi which showed moderate reduction in 
morphological traits and were identified as moderately salt 
tolerant. The genotypes of Cluster-II showed maximum 
reduction and were identified as salt-susceptible genotypes; 
the other genotypes also showed moderate reduction, and 
these are considered as moderately tolerant or susceptible 
genotypes, and these are classified under Cluster-III. Many 
researchers revealed that cluster analysis could be a promis-
ing tool to screen a large number of germplasms based on 
the similarity (Cha-um et al. 2012; Chunthaburee et al. 2016; 
Siddiqui et al. 2017).

Afterward, the UPGMA analysis based only on pairwise 
similarity coefficient values on marker data delineated all 
28 genotypes into four major clusters (Fig. 2) considering 
their similarity which somewhat failed to match exactly the 
earlier dendrogram based on the data for phenotypic traits 
under salt stress (Fig. 1). Maximum genotypes of Cluster-I 
and Cluster-III are considered as salt susceptible, and similar 
result was also found in SES scoring based on morphologi-
cal data. In Cluster-II, two genotypes are considered as toler-
ant, viz., Kanchon and BINA dhan-8, and rest genotypes cv. 
Kalsi, Porodbalam, Katarangi, and Tejminiket were found 
as moderately salt tolerant or as salt susceptible as per SES 
scoring based on visual salt injury of phenotypic traits, and 
the same observation was also noticed in SES scoring based 
on morphological data. Moreover, all genotypes (Ghunsi, 
Nonabokra, Holdegotal, BINA dhan-10, and Hogla) of Clus-
ter-IV are considered as salt tolerant except Rajashail which 
is found as moderately salt tolerant according to SES scoring 

based on phenotypic data. These are exceptions because only 
three markers might not be enough to cover the genomic 
regions of saltol genes to explore the salt-tolerant germplasm 
(Singh et al. 2018; Seetharam et al. 2009). Therefore, utiliz-
ing more saltol locus-specific marker could help to extract 
more accurate result from this study. The SSR marker-based 
screening was also previously reported (Kordrostami et al. 
2017; Rubel et al. 2014; Nejad et al. 2008).

Even though the morphological parameters in the maxi-
mum number of rice genotypes were greatly decreased under 
salt stress but some of the genotypes (Ghunsi, Nonabokra, 
Kanchon, Holdegotal, BINA dhan-8, BINA dhan-10, and 
Hogla) minimize the reduction by making adjustment of 
different levels of ion homeostasis particularly by the main-
tenance of low Na+/K+ through different mechanisms like 
salt exclusion, ion compartmentation, and partitioning of 
Na+ in shoots (Chunthaburee et al. 2016). Higher uptake of 
Na+ through epidermal cells competes with the uptake of 
other nutrient ions, especially K+ and causes K+ deficiency 
which leads to higher Na+/K+ ratio in rice under salt stress 
(Assaha et al. 2017; Almeida et al. 2017). This influx of Na+ 
into root tissue by a transporter namely OsHKT21 leads to 
K+ starvation under stress conditions in rice plant (Horie 
et al. 2007). In this situation, the expression of OsNHX1 
is accelerated which is involved in the transferring of Na+ 
for vacuolar compartmentalization (Mekawy et al. 2015), 
and a K+ channel gene of rice namely OsAKT1 controlled 
the K+ concentration and Na+/K+ ratio in the salt-stressed 
plants (Islam et al. 2016a). Plant tissues maintain a high 
ratio of K+/Na+ under salt-stressed conditions for the salin-
ity tolerance (Ashraf and McNeilly 2004; Lo´pez-Aguilar 
et al. 2012) and normal cell activities in plant (Munns 2002; 
Azuma et al. 2010). Salt-tolerant plant can either diminish 
the access of Na+ from the root symplast to reduce load-
ing, or maximize Na+ rescue from the xylem (Davenport 
et al., 2007), or export the leaf Na+ into the phloem to reduce 
the accumulation of more Na+ in plant tissue (Berthomieu 
et al., 2003). The results of the study indicated that Na+/
K+ ratio in shoots was increased with the increasing salin-
ity in all the genotypes, but salt-tolerant landraces (Ghunsi, 
Nonabokra, Holdegotal, Kanchon, and Hogla) maintain low 
Na+/K+ ratio like BINA dhan-8 and BINA dhan-10 com-
pared to salt-sensitive genotypes BINA dhan-17 (Fig. 3a). 
These results were in agreement with Chunthaburee et al. 
(2016) who reported that the salt-tolerant Pokkali had the 
highest K+/Na+ ratio, whereas the lowest K+/Na+ ratio was 
found in the salt-sensitive IR29. Islam et al. (2011) and Haq 
et al. (2009) also reported the similar results. Therefore, salt-
tolerant genotypes of rice maintained low concentration of 
Na+ in their leaves due to their adaptability. Apart from ionic 
balance of Na+/K+, proline accumulation is another mecha-
nism that has been postulated to scavenge salinity stress in 
plant species (Chunthaburee et al. 2016). Proline performed 
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very significant role under abiotic stress by preventing the 
oxidative damage in cellular structures through the scav-
enging of free radicals (Silva et al. 2013). Proline regulates 
redox potential and protects the protein against denatura-
tion in plants (Fariduddin et al. 2013; Saha et al. 2010). 
Furthermore, the results of our study revealed that proline 
content significantly increased in all the genotypes with the 
increasing salt concentration except the salt-sensitive BINA 
dhan-17 (Fig. 3b). The upregulation of proline content in 
the salt-tolerant plants might be due to the induced oxida-
tive damage and is most apparently an acclamatory response 
to flourish under salinity stress (Parihar et al. 2015), and 
the decrease in proline accumulation in the salt-sensitive 
rice genotype was observed probably due to low synthe-
sis of proline or higher degradation of proline under high 
salinity stress (Kibria et al. 2017). Higher proline content 
in Kanchon followed by Holdegotal similar to BINA dhan-8 
under salt stress (EC-12 dS m−1) might be one reason for the 
observed higher salt tolerance compared to the salt-sensitive 
BINA dhan-17. Our results were consistent with Ghosh et al. 
(2011) who reported that the proline content was increased 
in salt-tolerant Pokkali and Nonabokra rice seedlings under 
saline conditions. Summart et al. (2010) also revealed that 
salt stress caused an increase in the accumulation of intercel-
lular proline content in Thai jasmine rice.

Salt stress enhanced the uncontrolled ROS production 
which induced lipid peroxidation, protein degradation, DNA, 
and mutation, and it ultimately disrupts the cellular metabo-
lism and physiology, thus negatively affecting the membrane 
fidelity of the plant (Temizgul et al. 2016; Nedjimi, 2014; 
Miller et al. 2010; Munns et al. 2006). The amelioration of 
ROS generation may be due to the closure of stomata under 
salinity stress conditions that can cause reduction of CO2 
availability and carbon fixation which leads to the excessive 
excitation energy in chloroplast and in turn accelerates ROS 
generation ultimately (Ahmad et al. 2008). Normally, the 
decomposition of unsaturated fatty acids led to the produc-
tion of MDA as main product in the biological membranes, 
which increased under salt stress conditions (Meloni et al. 
2003; Sudhakar et al. 2001). Besides, the accumulation of 
more H2O2 in different cell compartments, including chloro-
plasts, mitochondria, and apoplastic space under salt stress 
correlates with oxidative damages in plants (Chawla et al. 
2013). The results of the study reflected that the salt treat-
ment led to the enhancement of H2O2 and MDA contents in 
all genotypes but the accumulations of H2O2 and MDA were 
lower in salt-tolerant Nonabokra, Ghunsi, and Holdegotal 
compared to salt-sensitive BINA dhan-17 under salt stress 
conditions (Fig. 3c, d). These results are also in agreement 
with those of Omisun et al. (2018) who reported that salt-tol-
erant Tumpha showed lower increments of H2O2 and MDA 
compared to salt-sensitive MSE9. The lower accumulations 
of MDA and H2O2 salt-tolerant genotypes imply protection 

against oxidative damage by better regulating mechanism to 
control the formations of more MDA and H2O2, and there-
fore, these genotypes displayed more salinity tolerance 
(Akram et al. 2017; AbdElgawad et al. 2016; Koca et al. 
2007). In contrast, the higher accumulations of H2O2 and 
MDA contents in salt-sensitive BINA dhan-17 endured more 
oxidative stress and membrane permeability by assaulting 
membrane lipids (Willekens et al. 1995). The increments 
of MDA and H2O2 under salt stress were also reported by 
several researchers in other crops (Esfandiari and Gohari, 
2017; Abu-Muriefah 2015; Khan and Panda 2008). To mini-
mize H2O2-induced oxidative damage and lipid peroxidation 
due to the accumulation of MDA, salt-tolerant genotypes 
activate different antioxidant defense systems such as CAT 
and APX in the leaves under salinity stress (Siddiqui et al. 
2017). There have also been reports that salt stress increases 
the activity of antioxidative enzymes in plants (Zhang et al. 
2013). Plant cells contain several antioxidant enzymes that 
prevent the formation of the ROS, which ultimately protect 
cells from oxidative damage (Blokhina et al. 2003). APX 
utilizes ascorbate as an electron donor to scavenge the toxic 
effect of H2O2 during the ascorbate–GSH cycles under salt 
stress condition (Islam et al. 2016b). Reddy et al. (2017) also 
reported that enhanced salt tolerance of rice is correlated 
with the increased capacity of antioxidant system. In this 
study, CAT and APX activities increased with the increas-
ing salt concentrations in all salt-tolerant rice genotypes 
(Ghunsi, Nonabokra, Holdegotal, Kanchon, Hogla, BINA 
dhan-8, and BINA dhan-10), but CAT and APX activities 
decreased with the increasing salinity in the salt-sensitive 
genotype (BINA dhan-17) compared to the control (Fig. 3e, 
f). Similarly, many studies previously reported that increased 
salinity level increases CAT and APX activities in salt-tol-
erant rice, but decreases the activity of antioxidant enzymes 
in salt-sensitive rice (Kibria et al. 2017; El-Shabrawi et al. 
2010; Dogan 2011; Wi et al. 2006). This is because salt 
stress causes increased production of ROS. Therefore, CAT 
and APX activities are increased to detoxify ROS by direct 
dismutasis of H2O2 into H2O and O2 (Anjum et al. 2016; 
Sofo et al. 2015). However, many other researchers also 
reported that APX and CAT activities confer salt tolerance 
in rice (Meloni et al. 2003; Vaidyanathan et al. 2003).

The positive and significant relationships of Na+/K+ 
with CAT and APX activities implied that those antioxi-
dant enzyme activities are elevated in plants under salt 
stress to combat the toxic effect of salinity level on cellular 
structures of plants (Table 5). Similarly, Na+/K+ also had 
the positive and significant correlation with the H2O2 and 
MDA contents which reported that upregulation of salinity 
level could lead to the increment of H2O2 and lipid peroxi-
dations in plants, and therefore, plants activate antioxidant 
defense systems like CAT and APX in order to protect the 
plants from cellular damage and protein degradations due 
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to the increment of H2O2 under salt stress. In the present 
study, positive and significant relationships of CAT and 
APX activities are also observed with H2O2 and MDA 
(Table 5). It may be assumed that CAT and APX prob-
ably played equal and significant roles for the detoxi-
fication of H2O2 under high salinity level (Taïbia et al. 
2016). Another researcher, Kordrostami et al. (2017), also 
observed positive and significant correlations of Na+/K+ 
with H2O2 and MDA in rice genotypes under saline con-
ditions. However, the nonsignificant relationship of Na+/
K+ with proline content revealed that proline might not be 
strongly involved in salt tolerance in this case and enacted 
only a tiny role in osmotic coordination (Kanawapee et al. 
2012) (Table 5). Some researchers also reported that there 
is no distinct kinship between the accumulations of pro-
line on stress tolerance in plants (Kavi Kishor et al. 1995; 
Maggio et al. 2002).

In conclusion, the results of our study showed that 
different morphological and biochemical parameters of 
twenty-eight rice genotypes at seedling stage severely 
changed under salinity stress. As reported in previous 
studies, this study has also provided evidence that Na+/K+ 
ratio, proline content, H2O2 and MDA contents, and APX 
and CAT activities could be used as alternative indicators 
for the selection of salt-tolerant rice genotypes. On the 
basis of morpho-physiological performance and molecular 
assays, Nonabokra showed higher tolerance ability than 
other genotypes like salt-tolerant check varieties (BINA 
dhan-8 and BINA dhan-10). Therefore, these landrace 
types (Nonabokra) could be used as a potential donor of 
Saltol gene for improving the ability of salt tolerance in 
other rice genotypes. Besides, Ghunsi, Kanchon, Hogla, 
and Holdegotal also performed very well in morphologi-
cal, biochemical, and molecular assays similar to salt-tol-
erant check genotypes, and these genotypes could also be 
used in marker-assisted backcrossing for the development 
of salt-tolerant high-yielding rice genotypes. Finally, we 
recommend further detailed study on the yield potentiality 
of these identified salt-tolerant landraces.
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