
1 | P a g e  

 

Marker-Assisted Breeding for Salt Tolerance in Rice: In Bangladesh Context. 

Rifat Hasan Rabbi1* 

1Department of Agricultural Science, Daffodil International University, Birulia, Dhaka-1216, 

Bangladesh. 

Abstract 

Salinity stress threatens rice (Oryza sativa L.) production across 1.056 million hectares of 

Bangladesh's coastal regions, with intensification projected due to climate change and sea-level 

rise. Marker-assisted breeding (MAB) has emerged as a transformative approach for developing 

salt-tolerant varieties, offering precision and efficiency over conventional methods. This review 

examines marker-assisted selection (MAS) and marker-assisted backcrossing (MABC) 

applications for salt tolerance improvement in Bangladesh's rice breeding programs. We analyze 

the genetic architecture of salt tolerance, particularly the major Saltol QTL harboring OsHKT1;5 

on chromosome 1, and discuss molecular marker systems including SSRs, SNPs, and InDels 

utilized by the Bangladesh Rice Research Institute (BRRI). The review documents successful 

introgression of salt tolerance into elite varieties, resulting in seventeen released varieties including 

BRRI dhan47, BRRI dhan73, and BRRI dhan78, with yields of 4.5-8.3 t ha⁻¹ under saline 

conditions (8-14 dS m⁻¹). We evaluate physiological mechanisms of Na⁺ exclusion and ionic 

homeostasis, analyze breeding achievements using foreground and background selection 

strategies, and discuss future integration of genomic selection, GWAS, and CRISPR/Cas9 gene 

editing. Despite substantial progress, continued integration of molecular breeding with phenomics 

and participatory approaches remains essential for developing climate-resilient varieties 

addressing Bangladesh's intensifying salinity challenge. 

Keywords: Marker-assisted breeding, salt tolerance, Saltol QTL, rice, Bangladesh, OsHKT1;5, 
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1. Introduction 

1.1 Global Context and Salinity Challenge in Bangladesh 

Rice (Oryza sativa L.) serves as the primary staple food for more than half of the world's 

population, providing nutritional security for approximately 3.5 billion people globally (Ismail & 

Horie, 2017). Salinity stress affects approximately 20% of irrigated agricultural land globally, with 

figures projected to increase due to climate change, sea-level rise, and intensive irrigation practices 

(Thomson et al., 2010). Rice is classified as a salt-sensitive crop, with threshold salinity levels 

typically ranging from 3-4 dS m⁻¹ for modern high-yielding varieties, causing yield reductions of 

20-50% depending on stress intensity (M. A. Haque et al., 2021a; Reddy et al., 2017). Bangladesh, 

the fourth-largest rice-producing country with annual production exceeding 39 million tons, faces 

acute salinity problems in its coastal belt (Kabir et al., 2016). The coastal zone extends 

approximately 710 kilometers along the Bay of Bengal, encompassing 19 districts covering 
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roughly 20% of total land area. Within this region, 

approximately 1.056 million hectares are affected 

by varying degrees of salinity, representing over 

30% of net cultivable area (Ali et al., 2014; M. A. 

Haque et al., 2021a). Salt-affected areas increased 

by 26% over four decades, expanding from 0.833 

million hectares in 1973 to 1.056 million hectares 

in 2009 (SRDI, 2010). In five severely affected 

coastal districts—Khulna, Satkhira, Bagerhat, 

Patuakhali, and Barguna—salinity levels now range 

between 8.1 and 16 dS m⁻¹, exceeding the tolerance 

threshold of currently available varieties that 

typically withstand 8-10 dS m⁻¹ (Shawkhatuzamman et al., 2023). The salinity problem results 

from tidal flooding, brackish water inundation, saline groundwater upward movement during dry 

season, reduced freshwater flow in transboundary rivers, commercial shrimp farming, and sea-

level rise (Dasgupta et al., 2015). Salinity reduces rice production by 20-30% in Bangladesh, with 

some areas experiencing complete crop failure (Bhuyan et al., 2023). Economic analyses predict 

output declines of 15.6% in nine coastal subdistricts where soil salinity will exceed 4 dS m⁻¹ before 

2050 (Dasgupta et al., 2019). 

1.2 Conventional Breeding Limitations and MAB Advantages 

Traditional breeding for salinity tolerance has relied on phenotypic selection using the Standard 

Evaluation Score (SES) developed by IRRI, assessing salt injury on a scale of 1 (highly tolerant) 

to 9 (highly sensitive) (Das et al., 2016). Conventional programs have developed several salt-

tolerant varieties by crossing high-yielding cultivars with tolerant landraces such as Pokkali, Nona 

Bokra, and Capsule (Platten et al., 2013). However, conventional breeding faces significant 

challenges. Salt tolerance is a complex quantitative trait controlled by multiple genes with small 

individual effects, exhibiting large genotype × environment interactions (Ismail & Horie, 2017). 

Trait expression varies substantially across developmental stages, requiring separate selection 

strategies (Sackey et al., 2025). Field screening is labor-intensive, time-consuming, and unreliable 

due to spatial heterogeneity of salt distribution (Nayak et al., 2022). Linkage drag represents a 

major limitation, where undesirable traits from donor parents are inadvertently introduced, 

resulting in inferior grain quality or reduced yield potential (Thomson et al., 2010). Conventional 

breeding typically requires 8-12 years to develop new varieties (Janaki Ramayya et al., 2021). 

Marker-assisted breeding (MAB) encompasses marker-assisted selection (MAS) and marker-

assisted backcrossing (MABC), enabling breeders to select plants carrying desired alleles at early 

developmental stages, accelerating selection efficiency and reducing breeding cycle duration 

(Hasan et al., 2015). MAB allows simultaneous introgression of multiple QTLs, minimization of 

linkage drag through background selection, and maintenance of desirable traits from recurrent 

parents (Krishnamurthy et al., 2017; Yadav et al., 2020).Economic analyses estimate that MAB 

Figure 1: Salinity Status of Bangladesh. 
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saves at least 3-6 years compared to conventional breeding, with incremental benefits over 25 

years ranging from $50 to $900 million depending on implementation (Alpuerto et al., 2009). 

2. Methodology 

This mini-review was conducted through a comprehensive literature search using multiple 

academic databases including Google Scholar, PubMed, ScienceDirect, and ResearchGate to 

identify relevant studies on marker-assisted breeding for salt tolerance in rice, with particular 

emphasis on the Bangladesh context. The search covered publications from 2000 to 2024 using 

keywords such as "marker-assisted breeding," "salt tolerance," "rice," "Bangladesh," "QTL," and 

"molecular markers" in various combinations. Peer-reviewed journal articles, research papers, and 

conference proceedings were included based on their relevance to marker-assisted selection 

techniques, salt tolerance mechanisms, QTL mapping, and breeding strategies applicable to 

Bangladesh's agro-climatic conditions. Studies focusing solely on conventional breeding without 

molecular marker applications, research on crops other than rice, and publications with insufficient 

data or unclear methodology were excluded from the review. Data were systematically extracted 

from selected literature sources focusing on key aspects including types of molecular markers 

(SSR, SNP, INDEL), major QTLs associated with salt tolerance, marker-assisted selection 

strategies, physiological and biochemical mechanisms of salt tolerance, and Bangladesh-specific 

challenges and breeding programs. The collected information was thematically categorized and 

synthesized to provide a comprehensive overview of current knowledge and practices in the field. 

Comparative analysis was performed to evaluate the effectiveness of different MAS approaches 

and marker systems in developing salt-tolerant rice varieties. Special attention was given to 

integrating global research findings with Bangladesh's specific requirements, including salinity-

affected areas, local rice varieties, and ongoing breeding initiatives. All sources were properly cited 

following standard academic citation practices to ensure academic integrity throughout the review 

process. 

3. Genetic Architecture of Salt Tolerance 

3.1 Complexity as a Quantitative Trait 

Salt tolerance in rice is a complex polygenic trait governed by multiple genes with varying effects 

(Ismail & Horie, 2017). Rice is particularly sensitive at seedling and reproductive stages, although 

seedling stage tolerance is crucial for crop establishment (M. Islam et al., 2011).The genetic control 

involves QTLs distributed across all 12 chromosomes, with individual QTLs explaining 

phenotypic variance from less than 5% to more than 40% (Thomson et al., 2010). Complexity 

manifests through ontogeny-specific expression, where tolerance mechanisms at seedling stage 

differ substantially from reproductive stage (Moradi & Ismail, 2007). Seedling stage tolerance 

primarily involves ion homeostasis, particularly Na⁺ exclusion and K⁺ maintenance, while 

reproductive stage tolerance additionally requires protection of floral organs and prevention of 

spikelet sterility (Reshna & Beena, 2021). 
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3.2 The Saltol QTL: A Major Breakthrough 

Saltol, a major QTL mapped on chromosome 1 in recombinant inbred line FL478 from a cross 

between Pokkali (tolerant) and IR29 (sensitive), is responsible for maintaining low Na⁺, high K⁺, 

and optimal Na⁺/K⁺ homeostasis in shoots (Ju et al., 2022). Saltol explains 43-70% of phenotypic 

variation for seedling stage salinity tolerance and was delimited to a 10.7-12.2 Mb region on 

chromosome 1 (Yadav et al., 2020). The Saltol region harbors multiple candidate genes, most 

notably OsHKT1;5 (also known as SKC1), encoding a xylem-expressed Na⁺-selective transporter 

(Kobayashi et al., 2017; Ren et al., 2005). OsHKT1;5 functions by retrieving Na⁺ from xylem sap 

during root-to-shoot translocation, reducing Na⁺ accumulation in photosynthetically active shoot 

tissues while maintaining K⁺ homeostasis (Platten et al., 2013). Analysis revealed that Saltol 

mainly controls shoot Na⁺/K⁺ homeostasis, although multiple QTLs are required for high tolerance 

levels (Thomson et al., 2010). 

Table 1. Major QTLs for Salt Tolerance in Rice 

QTL Name Chromosome Marker Interval Trait Controlled Variance (%) Reference 

Saltol 1 RM8094-RM493 Seedling Na⁺/K⁺ ratio 40-70 (Bonilla et al., 2002) 

qSKC1 1 
RM10793-

RM3412 
Shoot K⁺ content 35-50 (Ren et al., 2005) 

qSTL3 3 RM251-RM520 Reproductive fertility 15-22 (Q. Liu et al., 2015) 

qSTL4 4 RM335-RM273 Yield under stress 12-18 (Q. Liu et al., 2015) 

Source: Compiled from (Bonilla et al., 2002; Q. Liu et al., 2015; Ren et al., 2005; Thomson et al., 2010). 

3.3 Additional QTLs and Candidate Genes 

Beyond Saltol, extensive QTL mapping identified numerous genomic regions associated with salt 

tolerance. Meta-analysis of 567 QTLs identified 63 meta-QTLs with 95% confidence intervals, 

with 11 meta-QTLs having small confidence intervals localized on chromosomes 1 and 2 (Ashraf 

& Foolad, 2013). Studies using Bangladeshi landrace Capsule identified 30 QTLs distributed on 

chromosomes 1, 2, 3, 5, 10, and 12 (Mondal et al., 2025). For reproductive stage tolerance, 

eighteen new QTLs with LOD scores ≥ 2.5 were identified on chromosomes 1, 2, 6, 10, 11, and 

12, with phenotypic variation explained reaching 42% (Ashraf & Foolad, 2013). Among genes in 

the Saltol region, SalT encodes a SALT protein functioning as a mannose-binding lectin crucial 

for salinity tolerance (Kumar et al., 2021). Additional candidates include OsIF (intermediate 

filament protein) and OsHBP1b (histone binding protein), both showing differential expression 

and conferring improved tolerance (Soda et al., 2018; P. Zhang et al., 2023). 

4. Molecular Markers for Salt Tolerance Breeding 

4.1 Types of Molecular Markers 
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Simple Sequence Repeats (SSRs) represent the most widely used marker system due to high 

polymorphism, co-dominant inheritance, and ease of use (Gupta & Varshney, 2000; Tahjib-Ul-Arif 

et al., 2018).Key SSR markers linked to Saltol include RM3412, AP3206, RM8094, RM493, and 

RM10793, extensively validated across diverse genetic backgrounds (Thomson et al., 2010). 

RM8094 and RM3412 are particularly reliable and closely flanking (Babu et al., 2017; Singh et 

al., 2021). 

Table 2. Key molecular markers linked to Saltol QTL and their characteristics 

Marker Name Marker Type Chromosome 
Physical 

Position (Mb) 

Distance 

from Saltol 

Center (cM) 

Polymorphism 

Level 

Application in 

MAB 
References 

RM3412 SSR 1 11.9 0.5 High 
Foreground 

selection 

(Thomson et al., 

2010) 

RM8094 SSR 1 10.7 2.1 High 
Foreground 

selection 

(Babu et al., 

2017) 

RM493 SSR 1 9.6 4.3 Moderate 
Foreground 

selection 

(M. A. Rahman 

et al., 2019) 

RM10793 SSR 1 12.6 1.8 High 
Foreground 

selection 

(Chowdhury et 

al., 2016) 

AP3206 SSR 1 11.5 1.2 High 
Foreground 

selection 

(Chowdhury et 

al., 2016) 

id_1007745 KASP (SNP) 1 10.69 2.5 High 

Precise 

foreground 

selection 

(Marè et al., 

2023) 

K_id1008539 KASP (SNP) 1 12.59 1.6 High 

Precise 

foreground 

selection 

(Marè et al., 

2023) 

 

Single Nucleotide Polymorphisms (SNPs) have emerged as the marker system for high-throughput 

genotyping. The 1K-RiCA panel consisting of 1024 genome-wide SNP markers including 92 trait-

specific markers has been deployed in Bangladesh (Arbelaez et al., 2019; Biswas et al., 2023). 

SNPs offer advantages of genome-wide distribution, high abundance, and lower cost per data point 

(Thomson et al., 2010). Insertion-Deletion (InDel) markers provide alternatives to SSRs with 

similar advantages while offering higher stability (M. A. Rahman et al., 2019). Kompetitive Allele 

Specific PCR (KASP) markers represent an advanced SNP genotyping platform for precise 

foreground selection (Marè et al., 2023). 
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5. Marker-Assisted Breeding Strategies 

5.1 Marker-Assisted Backcrossing (MABC) 

MABC combines foreground selection for target QTL, recombinant selection to minimize linkage 

drag, and background selection to maximize recurrent parent genome recovery, accelerating near-

isogenic line (NIL) development (Hospital & Charcosset, 1997). A typical MABC program 

involves: (1) crossing recurrent parent (elite variety) with donor parent (FL478 or derivative); (2) 

foreground selection in BC₁F₁ and subsequent generations using flanking markers; (3) background 

selection using genome-wide polymorphic markers; (4) recurrent selection to minimize donor 

segment size; and (5) selfing selected BC₃F₁ or BC₄F₁ plants followed by foreground selection for 

homozygous lines (Mackill & Khush, 2018). Three backcrosses (BC₃) followed by selfing 

successfully led to Saltol introgression, with foreground selection using RM3412 and AP3206 

(Gupta et al., 2008). Background selection typically uses 60-105 genome-wide polymorphic SSR 

markers at approximately 15-20 cM intervals (Hospital & Charcosset, 1997). Advanced programs 

employ high-density SNP genotyping for precise background selection, with 15,580 polymorphic 

SNP markers enabling selection of lines with up to 98.97% recurrent parent genome recovery 

(Marè et al., 2023). 

5.2 Gene Pyramiding for Multiple Stress Tolerance 

Combining multiple QTLs through gene pyramiding offers opportunities for broader tolerance 

across diverse environments (M. A. Haque et al., 2021b). Successful pyramiding of genes 

conferring resistance to blast (Pi2, Pi9), gall midge (Gm1, Gm4), submergence (Sub1), and salinity 

(Saltol) has been demonstrated in Improved Lalat (Pradhan et al., 2015). For Bangladesh's coastal 

ecosystem, combining salt tolerance with submergence tolerance is particularly relevant. IRRI 

developed multiple stress tolerance lines (IR84649-81-4-B-B and IR84645-311-22-1-B) through 

introgressing Saltol from Pokkali and Sub1 from Swarna-Sub1, with BRRI dhan 78 in Bangladesh 

and Salinas 22 in the Philippines released for commercial cultivation (GREGORIO et al., 2013). 

6. Salt-Tolerant Varieties in Bangladesh 

6.1 BRRI's Variety Development Program 

Seventeen salt-tolerant rice varieties have been developed and released in Bangladesh (Nayak et 

al., 2022). BRRI dhan47 represents a landmark achievement, tolerating EC 12-14 dS m⁻¹ with 

potential yields of 5.4-8.3 t ha⁻¹ in saline areas (Salam et al., 2009). BRRI dhan61 was developed 

for Boro season, exhibiting tolerance to 6-8 dS m⁻¹ with average yields of 5.5-6.0 t ha⁻¹ (M. Z. 

Islam et al., 2023). BRRI dhan67 tolerates 8-10 dS m⁻¹ during vegetative stage, providing average 

yields of 4.5-5.0 t ha⁻¹ (N. Md. F. Rahman et al., 2023). BRRI dhan73, released in 2015, was 

developed through MABC by introgressing Saltol from FL478 into BRRI dhan28, representing 

one of the first successful MAB applications in Bangladesh (N. Md. F. Rahman et al., 2023). BRRI 

dhan73 tolerates 10-12 dS m⁻¹ at seedling stage and yields 6.0-7.0 t ha⁻¹ under moderate stress 

(Hasan et al., 2015). Development involved three backcrosses with foreground selection using 
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RM3412, RM8094, and RM10793, and background selection with 62 polymorphic SSR markers, 

achieving 94-96% recurrent parent genome recovery (Babu et al., 2017). BRRI dhan78 combines 

tolerance to both salinity (8-10 dS m⁻¹) and submergence (12-14 days), yielding 5.5-6.5 t ha⁻¹ 

under moderate stress (Akter et al., 2025). BRRI dhan97, released in 2019, tolerates 8-10 dS m⁻¹ 

throughout all salt-sensitive stages with average yields of 4.90±0.24 t ha⁻¹ under saline conditions 

(Debsharma et al., 2024). Molecular characterization revealed four QTLs/genes regulating salt 

tolerance traits (Debsharma et al., 2024). BRRI dhan99, released in 2020 from Green Super Rice 

breeding line HHZ5-DT20-DT2-DT1, produces average yields of 5.45±0.32 t ha⁻¹ under saline 

stress, tolerating 8-10 dS m⁻¹ throughout entire growth cycle (Debsharma et al., 2024). Molecular 

analysis revealed eight QTLs/genes regulating salt tolerance, providing broader genetic base than 

BRRI dhan97 (Debsharma et al., 2024). 

Table 3. Major salt-tolerant rice varieties developed and released in Bangladesh 

Variety 

Name 

Year 

Released 
Season 

Salinity 

Tolerance 

(dS m⁻¹) 

Yield 

Potential 

(t ha⁻¹) 

Plant 

Height 

(cm) 

Growth 

Duration 

(days) 

Special Features 
Development 

Method 
References 

BRRI 

dhan40 
2003 T. Aman 8 4.0-4.5 110-115 135-140 

Lodging tolerance, 

shorter duration 

Conventional 

breeding 

(M. R. Islam & 

Gregorio, 2013) 

BRRI 

dhan41 
2003 T. Aman 8 4.0-4.5 105-110 145-150 

Medium slender 

grain 

Conventional 

breeding 

(M. R. Islam & 

Gregorio, 2013) 

BRRI 

dhan47 
2007 Boro/Aus 12-14 5.4-8.3 105-110 152 

High tillering, 

medium bold grain, 

premium quality 

Conventional 

breeding + PVS 

(Debsharma et 

al., 2024) 

BRRI 

dhan53 
2010 T. Aman 8 4.0-4.5 100-105 125-130 

Photoperiod 

sensitive 

Conventional 

breeding 

(Rashid & 

Nasrin, 2014) 

BRRI 

dhan54 
2010 T. Aman 8 4.0-4.5 115-120 135-140 Lodging tolerance 

Conventional 

breeding 

(Rashid & 

Nasrin, 2014) 

BRRI 

dhan61 
2013 Boro 6-8 5.5-6.0 95-100 145-148 

Medium bold grain, 

acceptable cooking 

quality 

Conventional 

breeding 

(M. Rahman et 

al., 2021) 

BRRI 

dhan67 
2014 T. Aman 8-12 4.5-5.0 110-115 125-130 

Photoperiod 

sensitive, medium 

slender grain, 

widely adopted 

Conventional 

breeding 

(Sackey et al., 

2025) 

BRRI 

dhan73 
2015 Boro 10-12 6.0-7.0 100-105 150-155 Saltol QTL 

introgressed, 

Marker-assisted 

backcrossing 

(M. Rahman et 

al., 2021) 
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Variety 

Name 

Year 

Released 
Season 

Salinity 

Tolerance 

(dS m⁻¹) 

Yield 

Potential 

(t ha⁻¹) 

Plant 

Height 

(cm) 

Growth 

Duration 

(days) 

Special Features 
Development 

Method 
References 

improved seedling 

tolerance 

BRRI 

dhan78 
2017 Boro 8-12 5.5-6.5 95-100 142 

Dual tolerance: 

salinity + 

submergence (12-

14 days) 

Marker-assisted 

backcrossing 

(Saltol + Sub1) 

(M. Rahman et 

al., 2021) 

BRRI 

dhan97 
2019 Boro 8-10 

4.9-6.0 

(up to 

7.0) 

103 150 

Medium bold grain, 

4 QTLs/genes, 

comprehensive 

tolerance 

Marker-assisted 

breeding 

(Debsharma et 

al., 2024) 

BRRI 

dhan99 
2020 Boro 8-10 

5.4-7.1 

(up to 

7.0) 

94 148 

Compact 

architecture, 8 

QTLs/genes, 

superior tolerance 

Marker-assisted 

breeding (GSR 

lineage) 

(Debsharma et 

al., 2024) 

BRRI 

dhan112 
2023 T. Aman 10-12 4.14-6.12 104 123 

Salinity tolerance 

and high yielding. 

Marker-assisted 

breeding 
(BRRI, 2023) 

BINA 

dhan8 
2010 Boro 10-12 4.5-5.5 100-105 140-145 Mutation breeding 

Mutation + 

selection 
(BINA, 2023) 

BINA 

dhan10 
2013 T. Aman 10-12 4.5-5.5 105-110 140 Mutation breeding 

Mutation + 

selection 

(M. Rahman et 

al., 2021) 

Note: PVS = Participatory Variety Selection; GSR = Green Super Rice; QTLs/genes refer to molecular 

markers identified for salt tolerance traits. 

6.2 Comparative Performance and Adoption 

Multi-location trials demonstrated tangible MAB benefits. BRRI dhan73 produced average yields 

of 6.4 t ha⁻¹ compared to 5.1 t ha⁻¹ for BRRI dhan28 under 6-8 dS m⁻¹ stress, representing 25% 

yield advantage (M. Rahman et al., 2021). BRRI dhan78 yielded 5.8 t ha⁻¹ compared to 4.2 t ha⁻¹ 

for BRRI dhan47 in areas with combined stresses, representing 38% improvement (S. S. Islam & 

Hossain, 2020). 

Table 4. Comparative yield performance of salt-tolerant varieties across different salinity levels in 

coastal Bangladesh 
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Location District 
Salinity Level 

(dS m⁻¹) 

BRRI dhan97 

(t ha⁻¹) 

BRRI dhan99 

(t ha⁻¹) 

BRRI dhan67 

(t ha⁻¹) 

BRRI dhan28 

(t ha⁻¹) 
Year 

Tala Satkhira 6-8 5.95 6.58 6.41 6.01 2019-20 

Dumuria Khulna 8-10 4.85 5.42 4.23 1.74 2019-20 

Rampal Bagerhat 10-12 4.12 4.87 3.17 0.95 2019-20 

Assasuni Satkhira 10-12 3.93 4.14 
Complete 

damage 

Complete 

damage 
2018-19 

Kaliganj Satkhira >12 (16-18) 
Severely 

damaged 

Severely 

damaged 

Complete 

damage 

Complete 

damage 
2018-19 

Koyra Khulna >12 (14-16) 
Severely 

damaged 
Survived 

Complete 

damage 

Complete 

damage 
2018-19 

Note: "Complete damage" indicates total crop failure; "Severely damaged" indicates <1.0 t ha⁻¹ yield. 

Source: Compiled from (Debsharma et al., 2024) 

Adoption studies indicate progressive uptake. Survey data from 2022 revealed salt-tolerant 

varieties occupied approximately 47% of total rice area in severely affected coastal districts (Illius 

& Azad, 2022). BRRI dhan67 cultivation expanded from 119 hectares in 2018 to 5,216 hectares in 

2022 in Satkhira district (Barua et al., 2015). Farmers report that salt-tolerant varieties completely 

changed cultivation prospects, with 240 hectares of previously uncultivated saline land brought 

back under cultivation. 

Table 5. Breeding achievements and variety release trends for salt tolerance in Bangladesh (2003-

2024) 

Period 

Number of 

Varieties 

Released 

Key Varieties Breeding Approach 
Tolerance 

Level (dS m⁻¹) 

Average Yield 

Improvement (%) 

Adoption Rate in 

Coastal Areas (%) 

2003-2010 5 
BRRI dhan40, 

41, 47, 53, 54 

Conventional breeding + 

landrace utilization 
8-14 40-60 15-25 

2011-2015 4 

BRRI dhan61, 

67, 73; BINA 

dhan10 

Conventional + initial 

MAB (Saltol) 
6-12 25-45 30-40 

2016-2020 4 

BRRI dhan78, 

97, 99; BINA 

dhan22 

Marker-assisted breeding 

(Saltol, Sub1, multiple 

QTLs) 

8-12 35-55 45-60 
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Period 

Number of 

Varieties 

Released 

Key Varieties Breeding Approach 
Tolerance 

Level (dS m⁻¹) 

Average Yield 

Improvement (%) 

Adoption Rate in 

Coastal Areas (%) 

2021-2024 4 (projected) 

BRRI 

dhan104, 106, 

advanced 

introgression 

lines 

Genomic selection + 

MAB, SNP-based 

selection 

8-14 40-65 (projected) 50-70 (projected) 

Total (2003-

2024) 
17+ 

Multiple stress-

tolerant 

varieties 

Evolution from 

conventional to genomic 

approaches 

6-14 25-65 15-70 (progressive) 

Note: Adoption rates represent percentage of rice area in severely salt-affected coastal districts. Source: 

Compiled from (Debsharma et al., 2024; M. R. Islam & Gregorio, 2013; M. Z. Islam et al., 2023; M. 

Rahman et al., 2021; Rashid & Nasrin, 2014). 

7. Physiological and Molecular Mechanisms 

7.1 Ion Homeostasis and Na⁺ Exclusion 

Maintenance of ion homeostasis, particularly Na⁺ and K⁺ regulation, represents the primary 

tolerance mechanism (Ismail & Horie, 2017). Excessive Na⁺ uptake disrupts cellular K⁺ 

homeostasis and causes metabolic dysfunction (Ismail & Horie, 2017). Salt-tolerant genotypes 

maintain significantly lower shoot Na⁺ and higher K⁺, resulting in favorable Na⁺/K⁺ ratios 

(Thomson et al., 2010). Saltol confers tolerance through enhanced Na⁺ exclusion mediated by 

OsHKT1;5, which retrieves Na⁺ from ascending xylem sap, reducing delivery to leaf blades 

(Kobayashi et al., 2017; Ren et al., 2005). OsHKT1;5 knockout mutants exhibited significantly 

higher shoot Na⁺ and increased sensitivity, confirming its critical role (Ren et al., 2005). Near-

isogenic lines with Saltol maintained shoot Na⁺ concentrations approximately 40% lower than non-

Saltol lines under 12 dS m⁻¹ stress, with Na⁺/K⁺ ratios of 0.3-0.4 compared to 0.8-1.2 in sensitive 

genotypes (Thomson et al., 2010). 

Table 6. Physiological parameters distinguishing salt-tolerant and salt-sensitive rice genotypes 

Parameter 

Salt-Tolerant 

Genotypes 

(with Saltol) 

Salt-Sensitive 

Genotypes 

(without Saltol) 

Difference 

(%) 

Measurement 

Conditions 
References 

Shoot Na⁺ concentration (mg g⁻¹ DW) 15-25 35-55 -40 to -55% 12 dS m⁻¹, 21 days 
(Thomson et al., 

2010) 

Shoot K⁺ concentration (mg g⁻¹ DW) 45-60 30-45 +33 to +50% 12 dS m⁻¹, 21 days 
(Thomson et al., 

2010) 
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Parameter 

Salt-Tolerant 

Genotypes 

(with Saltol) 

Salt-Sensitive 

Genotypes 

(without Saltol) 

Difference 

(%) 

Measurement 

Conditions 
References 

Na⁺/K⁺ ratio 0.3-0.4 0.8-1.2 -63 to -67% 12 dS m⁻¹, 21 days (Singh et al., 2021) 

Proline content (μmol g⁻¹ FW) 45-65 20-30 
+125 to 

+167% 
12 dS m⁻¹, 14 days 

(M. Z. Islam et al., 

2023) 

SOD activity (units mg⁻¹ protein) 110-135 65-85 +58 to +69% 10 dS m⁻¹, 14 days 
(Reddy et al., 

2017) 

Survival rate (%) 70-80 20-30 
+150 to 

+267% 
12 dS m⁻¹, 21 days (Marè et al., 2023) 

Visual salt injury score (SES) 3-5 7-9 -44 to -56% 12 dS m⁻¹, 21 days 
(Thomson et al., 

2010) 

Note: SES = Standard Evaluation Score (1 = highly tolerant, 9 = highly sensitive); DW = dry weight; FW 

= fresh weight 

7.2 Osmotic Adjustment and Antioxidant Defense 

Salt-tolerant genotypes accumulate compatible solutes to lower cellular osmotic potential and 

maintain turgor (Ismail & Horie, 2017). Proline concentrations in tolerant varieties are 2-5-fold 

higher than sensitive varieties, functioning in osmotic adjustment and as antioxidant (Reddy et al., 

2023). BRRI dhan73 accumulated 45-65 μmol g⁻¹ proline under 12 dS m⁻¹ stress compared to 20-

30 μmol g⁻¹ in non-tolerant genotypes (Islam et al., 2020). Salt stress triggers excessive reactive 

oxygen species (ROS) production causing oxidative damage (Mishra et al., 2023). Tolerant 

genotypes maintain 40-80% higher activities of antioxidant enzymes including superoxide 

dismutase, catalase, and ascorbate peroxidase under salt stress (Mishra et al., 2023). BRRI dhan73 

showed significantly higher SOD activity (125 units mg⁻¹ protein) compared to BRRI dhan28 (78 

units mg⁻¹ protein) under 10 dS m⁻¹ salinity (Barua et al., 2015). 

7.3 Transcriptional Regulation 

Salt tolerance involves coordinated regulation through complex transcriptional networks. 

Transcription factors from NAC, WRKY, AP2/ERF, bZIP, and MYB families play crucial roles (J. 

Liu et al., 2016). OsDREB family members function as master regulators activating stress-

responsive genes (Dubouzet et al., 2003). NAC transcription factors OsNAC45 and SNAC1 

enhance tolerance through transcriptional activation of genes involved in stomatal closure and 

ROS scavenging (Hu et al., 2006; A. Zhang et al., 2019). 

8. Genome Editing for Precision Improvement 

8.1 CRISPR/Cas9 Technology 
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CRISPR/Cas9 enables direct, targeted modification of specific genomic sequences to create 

desired alleles or knockout undesirable genes (Shan et al., 2013; A. Zhang et al., 2019). CRISPR-

targeted mutagenesis of OsRR22 significantly increased salt tolerance, with transgene-free 

homozygous lines obtained by T1 segregation (Takagi et al., 2013). CRISPR-mediated knockout 

of OsbHLH024 enhanced expression of ion transporter genes OsHKT1;3, OsHAK7, and OsSOS1, 

thereby enhancing tolerance (Alam et al., 2022). 

Table 7. Candidate genes for CRISPR-mediated salt tolerance improvement 

Gene Name Chromosome Function 
Editing 

Strategy 

Expected 

Outcome 

Validation 

Status 
References 

OsRR22 4 

B-type response regulator, 

negative regulator of salt 

stress 

Knockout 
Enhanced salt 

tolerance 

Validated in 

transgenic rice 

(A. Zhang et al., 

2019) 

OsHKT1;5 1 
Na⁺-selective transporter 

in xylem 

Promoter 

editing or allele 

replacement 

Enhanced Na⁺ 

exclusion 

Natural variant 

in Saltol, can be 

optimized 

(Kobayashi et 

al., 2017) 

OsDST 3 
Zinc finger transcription 

factor, negative regulator 
Knockout 

Improved 

stomatal 

closure, salt 

tolerance 

Validated in 

transgenic rice 

(Santosh Kumar 

et al., 2020) 

OsNAC041 11 
NAC transcription factor, 

regulates senescence 
Knockout 

Delayed leaf 

senescence, 

enhanced 

tolerance 

Validated in 

transgenic rice 
(An et al., 2020) 

OsbHLH024 12 
Basic helix-loop-helix 

transcription factor 
Knockout 

Enhanced ion 

transporter 

expression 

Validated in 

CRISPR-edited 

rice 

(Alam et al., 

2022) 

OsRAV2 1 
RAV family transcription 

factor 
Knockout 

Improved root 

development, 

tolerance 

Validated in 

transgenic rice 

(Santosh Kumar 

et al., 2020) 

OsSOS1 12 
Plasma membrane Na⁺/H⁺ 

antiporter 

Overexpression 

via promoter 

editing 

Enhanced Na⁺ 

efflux 

Candidate for 

editing 

(Kumar et al., 

2021) 

8.2 Genome Editing in Bangladesh Context 

Dr. Zeba Islam Seraj at University of Dhaka has emphasized genome editing potential for abiotic 

stress tolerance, presenting ongoing work producing salt-tolerant rice by downregulating a 
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transporter gene in sensitive IR29 rice. This gene is downregulated in Horkuch, a salt-tolerant 

Bangladeshi landrace, under salt stress, demonstrating how genome editing can replicate natural 

tolerance mechanisms (T. Haque et al., 2020). Opportunities include leveraging extensive 

knowledge of salt tolerance mechanisms in Bangladeshi landraces like Horkuch, Capsule, and 

Matla to identify candidate genes for editing; utilizing CRISPR/Cas9 to rapidly introgress 

tolerance traits into popular varieties like BRRI dhan28 and BRRI dhan29; and developing 

transgene-free edited varieties through segregation that may face fewer regulatory hurdles. 

Challenges include limited genome editing infrastructure and technical expertise requiring 

capacity building and international collaboration; regulatory uncertainty regarding genome-edited 

crops; and necessity for thorough biosafety evaluation before farmer release. 

9. Challenges and Future Prospects 

9.1 Current Challenges 

Despite substantial progress, several challenges persist. The complex genetic architecture 

involving multiple QTLs with small to moderate effects and substantial genotype × environment 

interactions complicate breeding efforts (Ismail & Horie, 2017). While Saltol provides significant 

seedling stage tolerance, achieving robust tolerance across all developmental stages requires 

additional QTLs that are less well characterized (Shohan et al., 2019). Linkage drag remains 

problematic even with MABC. Some Saltol-containing lines did not exhibit significantly different 

performance compared to lines without Saltol under certain conditions, indicating that genetic 

background, epistatic interactions, and environmental factors substantially influence tolerance 

expression (Emon et al., 2015). The discrepancy between seedling stage and reproductive stage 

tolerance presents another challenge, as QTLs for reproductive stage tolerance map to different 

chromosomal regions (Shohan et al., 2019). 

Table 8. Comparison of breeding approaches for salt tolerance improvement in rice 

Approach 
Duration 

(years) 
Precision Advantages Limitations Cost 

Implementation 

Status in 

Bangladesh 

References 

Conventional 

breeding 
8-12 Low 

No special 

equipment 

needed, utilizes 

natural variation 

Long duration, 

linkage drag, 

unreliable 

phenotyping 

Low 

Established, 

multiple varieties 

released 

(Singh et al., 

2021) 

Marker-assisted 

backcrossing 

(MABC) 

5-7 High 

Reduced linkage 

drag, foreground 

and background 

selection 

Requires 

molecular lab 

infrastructure 

Moderate 

Successfully 

implemented, 

BRRI dhan73, 

BRRI dhan78 

released 

(Hasan et al., 

2015) 
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Approach 
Duration 

(years) 
Precision Advantages Limitations Cost 

Implementation 

Status in 

Bangladesh 

References 

Genomic selection 

(GS) 
3-5 High 

Genome-wide 

prediction, 

captures small-

effect QTLs 

High genotyping 

costs, requires 

bioinformatics 

Moderate-

High 

Pilot 

implementation at 

BRRI, 1.5 year 

cycle reduction 

(Biswas et al., 

2023) 

CRISPR/Cas9 

genome editing 
2-4 

Very 

High 

Precise gene 

editing, no 

linkage drags, 

transgene-free 

options 

Regulatory 

uncertainty, 

requires 

transformation 

High 

Research stage, 

pilot studies 

ongoing 

(A. Zhang et 

al., 2019) 

MABC + GS 

integration 
3-4 

Very 

High 

Combines major 

QTL selection 

with genome-

wide prediction 

Requires 

advanced 

infrastructure and 

expertise 

High 
Recently adopted 

at BRRI 

(Biswas et al., 

2023) 

 

Technical constraints include substantial investment requirements in laboratory infrastructure, 

equipment, and trained personnel that can be constraining for developing countries (Alpuerto et 

al., 2009). The transition to SNP-based high-throughput platforms requires bioinformatics 

infrastructure and expertise for data management that may be limited (Spindel et al., 2015). Field 

phenotyping remains challenging due to spatial heterogeneity of salinity and difficulty creating 

uniform saline conditions (M. Rahman et al., 2021). 

9.2 Adoption Constraints 

Ultimate impact depends on farmer adoption and integration into cropping systems. Constraints 

include inadequate seed production and distribution systems in remote coastal areas; limited 

farmer awareness regarding new variety characteristics and appropriate management; and seed 

cost considerations that may deter resource-poor farmers (M. Rahman et al., 2021). Consumer 

preferences for specific grain quality characteristics influence adoption regardless of agronomic 

performance. Competition for land use from shrimp aquaculture represents a socioeconomic 

challenge beyond breeding program scope (Dasgupta et al., 2015). 

9.3 Climate Change and Future Directions 

Climate change projections indicate intensifying salinity problems due to sea-level rise, increased 

storm surge frequency, and altered rainfall patterns (Dasgupta et al., 2015). Current varieties 

typically withstand 8-12 dS m⁻¹, but some areas already experience salinity exceeding 16 dS m⁻¹, 

necessitating varieties with even higher tolerance (M. Rahman et al., 2021). The interaction of 
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salinity with other abiotic stresses including heat, drought, and submergence requires varieties with 

multiple stress tolerance traits (Singh et al., 2021). 

10. Conclusion 

Soil salinity poses a critical threat to rice production in Bangladesh's coastal regions, but marker-

assisted breeding has proven transformative, enabling development of seventeen improved salt-

tolerant varieties including BRRI dhan73 and BRRI dhan78 through successful Saltol QTL 

introgression. The integration of advanced genomic tools—genomic selection, GWAS, and 

CRISPR/Cas9—promises accelerated progress, with genomic selection at BRRI already achieving 

seven-fold improvement in genetic gain and reducing breeding cycles by 1.5 years. Despite this 

progress, intensifying climate-driven salinity demands varieties with even higher tolerance and 

multiple stress resilience. Key challenges include technical and resource constraints requiring 

continued investment in infrastructure, genotyping platforms, and human capacity, alongside 

strengthening seed systems and farmer adoption mechanisms. The underexploited genetic diversity 

in Bangladeshi landraces, systematic genomic characterization, and regional collaboration offer 

significant opportunities for further advancement. 

Marker-assisted breeding exemplifies how molecular genomics can address pressing agricultural 

challenges. As technologies become more accessible, the prospects for developing climate-

resilient rice varieties grow increasingly promising. For Bangladesh and similar nations facing 

rising food demand amid intensifying abiotic stresses, continued investment in stress breeding is 

essential for ensuring food security and sustaining rural livelihoods. 
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