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Abstract

Salinity is an important abiotic stress that adversely affects rice growth and productivity. The present study aimed to screen 42
traditional rice varieties (TRVs) for salinity tolerance using morphological traits and to evaluate the RM3412 marker
associated with the Saltol region. Seedlings were grown hydroponically for 30 days and exposed to 2500 ppm NaCl. Root
length, shoot length, leaf length, leaf width, number of leaves, number of dry leaves and dry-leaf percentage were assessed. Six
varieties (TRV-5, TRV-9, TRV-17, TRV-18, TRV-23 and TRV-26) showed comparatively greater tolerance based on the
evaluated traits. The six selected varieties were screened with RM3412, and the expected approximately 211-bp product was
observed in five varieties. These traditional rice varieties represent promising genetic resources for further validation and
breeding for saline environments.
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Introduction

Rice (Oryza sativa L.) is a major staple crop and an
important component of food security, particularly in Asia.
Salinity is one of the major abiotic stresses limiting rice
production because excessive soluble salts cause osmotic
stress, ion toxicity and nutrient imbalance, thereby reducing
plant growth and vyield. Rice is particularly sensitive to
salinity during the early seedling stage, making seedling-
stage screening an important component of breeding
programmes for saline environments.
Salinity affects root and shoot development, leaf expansion
and leaf survival. The degree of response varies among rice
genotypes, providing an opportunity to identify tolerant
genetic resources. Traditional rice varieties and landraces
are especially valuable because they represent locally
adapted germplasm and may contain useful alleles or
genomic regions for stress tolerance. Their characterization
can therefore contribute to broadening the genetic base of
rice improvement programmes.
The Saltol quantitative trait locus (QTL), located on
chromosome 1, is one of the best characterized genomic
regions associated with seedling-stage salinity tolerance in
rice. Molecular markers linked to this region, including
RM3412, have been used in screening and marker-assisted
breeding. RM3412 is a marker associated with the Saltol
region and should not be interpreted as the Saltol gene itself.

Previous  marker-assisted  breeding  studies  have
demonstrated the usefulness of RM3412 for foreground
selection of Saltol-associated genomic regions. Traditional
rice germplasm from southern India is of particular interest
because several locally cultivated varieties have been
reported to possess tolerance to drought, salinity and other
environmental stresses. However, phenotypic screening
combined with molecular screening of traditional rice
varieties from Tamil Nadu remains valuable for identifying
promising material for further breeding work.

Therefore, the present study was undertaken to evaluate 42
traditional rice varieties under controlled hydroponic
salinity stress using morphological traits and to screen the
comparatively tolerant varieties using the RM3412 marker
associated with the Saltol region.

Materials and Methods

1. Plant material and study site

Forty-two traditional rice varieties (TRVs) were evaluated
in the present investigation. The varieties were obtained
from different locations in Tamil Nadu and other parts of
India as listed in Table 1. The experiment was conducted
under laboratory conditions in the Department of Botany,
Kandaswami Kandar’s College, Velur, Namakkal District,
Tamil Nadu, India (11.1202°N, 78.0031°E).

Table 1: Traditional rice varieties evaluated in the present study.

S. No. |TRV code|Traditional rice variety Origin Specific notes recorded in original manuscript
1 TRV-1 Kallundaiyan Tamil Nadu Resistance to drought, pests; antioxidant-related note
2 TRV-2 Bhavani Bhavani, Tamil Nadu Soft texture, sweet flavour and aromatic
3 TRV-3 Yaanai Komban Tamil Nadu High fibre/mineral content; traditional medicinal use noted
4 TRV-4 Kaalabath Eastern Uttar Prad(_esh, West Nutri-crop; hardy and disease resistant
Bengal and Tamil Nadu
5 TRV-5 Karunguruvai South India, Ker'ala, Karnataka Drought and salinity tolerance noted
and Tamil Nadu
6 TRV-6 Polanel Tamil Nadu, India Pest/disease resistance
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7 TRV-7 Thulasg;ﬁ;;&raga Tamil Nadu Aroma, fibre and traditional nutritional use
8 TRV-8 Rethasali Odisha, India Antioxidants, fibre, minerals and flavor
9 TRV-9 Karudan Samba Tamil Nadu Drought/salini_ty tolerance and antioxidant/anti-
inflammatory notes
10 TRV-10 Milagu Samba Tamil Nadu Drought tolerance and traditional medicinal use
11 TRV-11 Kichadi Samba Tamil Nadu Suitable for dry sowing; pest/disease resistance
12 TRV-12 Karuthakar Tamil Nadu Adaptation to limited water; nutritional attributes
13 TRV-13 Nattu Pasmathi Tamil Nadu Drought tolerance; pest/disease resistance
14 TRV-14 Velai Rudavali Tamil Nadu Abiotic-stress and temperature resilience noted
15 TRV-15 Thanga Samba Tamil Nadu Stress tolerance and pest/disease resistance noted
16 TRV-16 Illupai Poo Samba Tamil Nadu Water-stress resistance
17 TRV-17 Vellai Ponni Delta regions of Tamil Nadu Soft texture and sweet flavor
18 TRV-18 Mali Samba Tamil Nadu Drought and temperature tolerance; aroma/flavor
19 TRV-19 Vadan Samba Tamil Nadu, India Pest/drought resistance and digestive-health note
20 TRV-20 Valai Poo Samba South In_lq;f:;]idle’i}:drﬁglons of Traditional nutritional and pest/disease-resistance notes
21 TRV-22 Thuya Mali Tamil Nadu Unique flavour and aroma
22 TRV-23 Salem Sanna Salem, Tamil Nadu Drought tolerance; traditional nutritional/health uses
23 TRV-24 Milagi Tamil Nadu Traditional cancer/diabetes-related use noted
24 TRV-25 Manjal Ponni Kaveri river delta, Tamil Nadu Drought resistance; traditional heart-health use
25 TRV-26 Kattu Yaanam Tamil Nadu Drought/flood tolerance and antioxidant-related notes
26 TRV-27 Kamban Samba Tamil Nadu Disease resistance and antioxidant-related notes
27 TRV-28 Valan Samba Tamil Nadu Drought, pest and disease resistance
28 TRV-29 Kallumuthan South India Unique aroma/taste and digestibility
29 TRV-31 60 M Kuruvai Tamil Nadu Mineral-rich; cholesterol-management note
30 TRV-32 | Aarkadu Kichali Samba| Arcot region, Tamil Nadu Drought/flood tolerance; pest/disease resistance
31 TRV-33 Kullakkal Tamil Nadu Drought and pest/disease resistance
32 TRV-34 Sernamaiuri-1 South India Submergence and fungal-disease tolerance
33 TRV-36 Paal Kudai Vaalai Tamil Nadu Climate resilience and traditional digestive-health use
34 TRV-37 Sivan Samba Thanjavur, Tamil Nadu Unique flavour and aroma
35 TRV-38 Indirayani Maharashtra, India Aroma and fibre-rich
. Karnataka, Andhra Pradesh and . .
36 TRV-39 Sarvathi delta regions of Tamil Nadu Pest/disease resistance
37 TRV-40 Karuppukavuni Tamil Nadu High fibre and antioxidant content
38 TRV-41 Mappilai Samba Thanjavur, Tamil Nadu Unique flavour and aroma
39 TRV-42 | Aathur Kichali Samba Athur, Tamil Nadu Drought/flood tolerance and disease resistance
40 TRV-43 Nei Kichali Samba Tamil Nadu Aroma/flavour and pest resistance
41 TRV-44 Poongar Tamil Nadu Traditional hormonal-balance claim and aroma/texture
42 TRV-45 Mani Samba Tamil Nadu and Kerala Flood tolerance and digestive/gut-health notes
2. Seed germination and hydroponic cultivation 4. Morphological assessment

Seeds of each rice variety were soaked in sterile distilled
water for 48 h to initiate imbibition and germination. The
germinated seeds were transferred to sterilized moist tissue
paper and maintained for a further 48 h under laboratory
conditions. Five healthy seedlings of each variety were
selected based on uniform germination and early growth.
Seedlings were transferred to hydroponic containers
containing sterile distilled water. The varieties were
maintained in two independent rows/sets as described in the
original experimental design. Hydrogrow nutrient solution
was added on day 1 and day 15. Plants were maintained
under controlled laboratory conditions for 30 days with
regular monitoring.

3. Salinity treatment

After 30 days of growth, NaCl was added to the hydroponic
solution to obtain a final salinity concentration of 2500 ppm
(2500 mg L"). The salt was completely dissolved before
application. Untreated plants maintained under the same
hydroponic conditions served as controls. Plants were
maintained under the salinity treatment and morphological
responses were recorded after the treatment period.
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Root length, shoot length, leaf length, leaf width, total
number of leaves and number of dry leaves were recorded.
Dry-leaf percentage was also determined as described in the
original dataset. The morphological response of each variety
under salinity was compared with the corresponding control.
Based on the overall response across the evaluated traits,
varieties showing comparatively better maintenance of
growth were considered promising for further molecular
screening.

5. Genomic DNA isolation

Young leaf tissue from the selected varieties was used for
genomic DNA isolation following a modified CTAB
procedure. Fresh tissue was ground in liquid nitrogen and
homogenized in lysis buffer containing 2% CTAB, 1%
PVP, 10% SDS and 2.5% NaCl. The homogenate was
incubated at 55°C for 30 min. An equal volume of phenol:
chloroform: isoamyl alcohol (25:24:1) was added, followed
by centrifugation at 16,000 x g for 10 min. The aqueous
phase was transferred to a fresh tube. DNA was precipitated
using sodium acetate and chilled absolute ethanol and
incubated at —20°C for 20 min. Samples were centrifuged at
16,000 x g for 10 min at 4°C, washed with 70% ethanol, air-



dried and resuspended in nuclease-free water. DNA samples
were stored at —20°C until PCR analysis.

6. Agarose gel electrophoresis

Genomic DNA quality and PCR amplification products
were examined by agarose gel electrophoresis. Genomic
DNA was resolved on 1% agarose gels, whereas PCR
products were analysed using 1.5% agarose gels prepared in
1x TAE buffer. Ethidium bromide was used for staining as
described in the original protocol. Electrophoresis was
performed at a constant voltage of 150 mA and DNA bands
were visualized using a Bio-Rad gel documentation system.

7. PCR amplification using RM3412

PCR screening was performed using the RM3412 marker
associated with the Saltol region. The primer sequences
used were: forward primer, 5'-
AAAGCAGGTTTTCCTCCTCC-3"; reverse primer, 5'-
CCCATGTGCAATGTGTCTTC-3". The reaction volume
was 50 pL and contained template DNA, forward and
reverse primers, dNTPs, 1x PCR buffer, MgCl., Taq DNA
polymerase and nuclease-free water. The cycling
programme reported in the original manuscript consisted of
an initial denaturation at 95°C for 3 min, followed by 30
cycles of denaturation at 94°C for 1.5 min, annealing at

55°C for 30 s and extension at 72°C for 45 s, with a final
extension at 72°C for 5 min. Amplified products were
separated by agarose gel electrophoresis and the expected
approximately 211-bp product was assessed against a 100-
bp DNA ladder.

8. Statistical analysis

The inferential statistical analysis, replication-based
variance estimates or a statistical test. Therefore, the
conclusions are presented as comparative morphological
screening observations based on the original experimental
dataset. If replicate-level raw data are available, a formal
statistical analysis should be added before submission.

Results

1. Morphological responses to salinity stress

The 42 traditional rice varieties showed considerable
variation in their morphological responses to NaCl-induced
salinity stress. Root length, shoot length, leaf length, leaf
width, total number of leaves, number of dry leaves and dry-
leaf percentage varied among varieties when control and
salt-treated plants were compared. The overall response
indicated that salinity affected the varieties to different
degrees, demonstrating phenotypic variation for salt

tolerance at the seedling stage.

Fig 2: Morphological growth stages of Oryza sativa during the study period: (a) early seedling stage recorded on the first day after sowing
and (b) 30th day of growth. The panel labels correspond to the TRV groups described.

Root length showed substantial varietal variation under
salinity. TRV-6 and TRV-7 showed marked reductions in
root growth under saline conditions, whereas TRV-14 and
TRV-25 showed moderate reductions. TRV-17 and TRV-18
retained comparatively greater root growth under the
treatment. Shoot growth also varied among the varieties.
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TRV-1, TRV-8, TRV-9 and TRV-34 were reported to show
strong reductions in shoot length, while TRV-2, TRV-5,
TRV-13, TRV-16 and TRV-45 showed comparatively
moderate reductions. TRV-17, TRV-18, TRV-23, TRV-25
and TRV-26 showed relatively lower reductions in shoot
growth under the saline treatment.
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Fig 3: Comparative growth of root length, shoot length and total number of leaves of the traditional rice varieties under control and salinity

treatment conditions. (a) shoot length, (b) root length and (c) total number of leaves.

Leaf traits also demonstrated varietal differences. TRV-8,
TRV-4 and TRV-34 showed substantial reductions in leaf
length, whereas TRV-12, TRV-22, TRV-9 and TRV-45
showed moderate reductions. TRV-17 and TRV-18
maintained comparatively better leaf development.
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For total leaf number, TRV-37 and TRV-25 were reported
to maintain leaf number similar to the control, whereas
TRV-14, TRV-15, TRV-16, TRV-23 and TRV-26 showed
comparatively moderate reductions. TRV-7 and TRV-34
showed marked reductions in leaf number.
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Fig 4: Comparative leaf traits of the traditional rice varieties under control and salinity treatment conditions: (d) leaf length, (e) leaf width,

(f) number of dry leaves and (g) dry-leaf percentage.
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Dry-leaf responses also differed among the varieties. TRV-
45 and TRV-34 showed relatively limited leaf desiccation
compared with their controls, while TRV-5, TRV-9, TRV-
16, TRV-17, TRV-23 and TRV-26 showed moderate levels
of leaf drying. The original dataset further reported
increased dry-leaf percentage in TRV-2, TRV-6, TRV-7,
TRV-15, TRV-16, TRV-19 and TRV-20, whereas TRV-11,
TRV-25 and TRV-42 showed lower dry-leaf percentages.
These differences indicate that salinity response was trait-
dependent among the traditional rice varieties.

Fig 5: Plant growth after the salinity treatment period. (A)
comparatively tolerant growth response; (B) comparatively
susceptible growth response.

2. ldentification of comparatively tolerant traditional
rice varieties

Considering the overall morphological responses recorded
across the evaluated parameters, six traditional rice varieties
were selected as comparatively tolerant to salinity: TRV-5
(Karunguruvai), TRV-9 (Karudan Samba), TRV-17 (Vellai
Ponni), TRV-18 (Mali Samba), TRV-23 (Salem Sanna) and
TRV-26 (Kattu Yaanam). These varieties were selected for
subsequent molecular screening.

3. Molecular screening using RM3412

Genomic DNA was isolated from the six morphologically
selected varieties and screened using the RM3412 marker.
The original manuscript reports an expected amplification
product of approximately 211 bp in five of the six selected
varieties. Based on the lane order stated in the original Fig 6
caption (lanes 2—7 corresponding to TRV-5, TRV-9, TRV-
17, TRV-18, TRV-23 and TRV-26, respectively), the visible
approximately 211-bp amplification products are consistent
with positive amplification in TRV-9, TRV-17, TRV-18,
TRV-23 and TRV-26, while TRV-5 does not show the
corresponding band in the supplied gel image. This result
indicates that most, but not all, morphologically selected
varieties carried the RM3412 marker profile detected in the
assay.
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Fig 6: PCR amplification profile of the RM3412 marker in
selected traditional rice varieties. Lane 1: 100-bp DNA ladder;
lanes 2-7: TRV-5, TRV-9, TRV-17, TRV-18, TRV-23 and TRV-
26, respectively. The expected amplification product was
approximately 211 bp.

Discussion

Salinity is a major constraint to rice production, and the
identification of tolerant germplasm is an important
objective of rice breeding. The present screening
demonstrated substantial phenotypic variation among 42
traditional rice varieties when grown under hydroponic
NaCl stress. Differences in root and shoot growth, leaf
development and leaf desiccation indicate that the
traditional germplasm evaluated in this study contains
variation that can be exploited in further salinity-tolerance
studies.

Root and shoot growth are commonly used as early
indicators of salinity response in rice. Salinity can restrict
water uptake and cause ionic and osmotic effects, leading to
reduced growth. In the present study, varieties such as TRV-
17 and TRV-18 maintained comparatively better root and
shoot growth, whereas TRV-6, TRV-7 and several other
varieties showed stronger reductions in specific traits. Such
genotype-dependent responses are consistent with previous
studies demonstrating wide variation in seedling-stage
salinity tolerance among rice germplasm.

The traditional varieties identified here should be considered
promising or comparatively tolerant rather than definitively
salt-resistant. The experiment was conducted at the seedling
stage and evaluated a defined NaCl concentration under
hydroponic conditions. Tolerance at this stage does not
necessarily predict reproductive-stage performance, grain
yield or field-level tolerance. Additional physiological and
biochemical traits, including Na® and K* accumulation,
Na'/K* ratio, relative water content, membrane stability,
chlorophyll and antioxidant responses, would strengthen the
characterization of the selected varieties.

Molecular screening provided additional information about
the selected germplasm. Saltol is a major QTL associated
with seedling-stage salinity tolerance, and RM3412 is a
marker closely linked to this region and has been used for
marker-assisted foreground selection. Previous studies have
shown that RM3412 can help discriminate salt-tolerant and
susceptible genotypes and has been used in marker-assisted
introgression of Saltol into elite rice backgrounds. In the
present study, the RM3412 amplification profile was
detected in five of the six morphologically selected
varieties. The agreement between phenotypic screening and
marker detection in most of the selected material supports
the value of combining morphological and molecular
approaches. However, the presence of an RM3412-linked



marker alone should not be interpreted as proof of the
complete Saltol QTL or as identification of a specific causal
allele. Confirmation would require additional flanking
markers, haplotype analysis and/or sequence-based
characterization.

The findings are therefore best interpreted as an initial
characterization of traditional rice germplasm for salinity
tolerance. TRV-5, TRV-9, TRV-17, TRV-18, TRV-23 and
TRV-26 can be considered promising candidates for further
validation, with particular interest in TRV-9, TRV-17,
TRV-18, TRV-23 and TRV-26 because they also showed
the RM3412 amplification profile in the supplied gel. These

materials may be wuseful for subsequent breeding,
physiological validation and marker-assisted selection
studies.

Conclusion

The present study demonstrated considerable variation in
salinity response among 42 traditional rice varieties
evaluated under controlled hydroponic conditions. Based on
the assessed morphological traits, TRV-5, TRV-9, TRV-17,
TRV-18, TRV-23 and TRV-26 were identified as
comparatively tolerant varieties. Molecular screening using
the RM3412 marker associated with the Saltol region
produced the expected approximately 211-bp product in five
of the six selected varieties. These traditional rice varieties
represent promising genetic resources for further
investigation of seedling-stage salinity tolerance. However,
additional physiological, biochemical, multi-marker and
field-level validation is required before their performance
can be considered suitable for breeding or cultivation under
saline environments.

Acknowledgement

The authors sincerely thank the Director, Tamil Nadu Rice
Research Institute (TRRI), Aduthurai, Tamil Nadu, for
providing rice seed materials. The authors also thank
Kandaswami Kandar’s College, Velur, Namakkal District,
Tamil Nadu, for providing the laboratory facilities required
to conduct the study.

Authors’ contributions

The authors’ contributions should be stated according to
their actual roles in the study. The original manuscript
reports that all authors contributed to conception/design,
acquisition or analysis of data, manuscript preparation or
critical revision, and approval of the final version. The
authors should verify and personalize this statement before
submission.

Funding
No external funding was reported for this study.

Conflict of interest
The authors declare that they have no financial or other
conflicts of interest related to this work.

Ethical approval
The study did not involve human participants or animal
experimentation.

Data availability
The data generated and/or analysed during the study are
available from the authors on reasonable request.

32

References

1.

10.

11.

12.

13.

Anshori MF, Purwoko BS, Carsono N, Dewi IS,
Suwarno WB, Ardie SW, Bahrun AH, Baharuddin AK,
Khaerani PI, Ali Z, Alotaibi M, Ali N, Seleiman MF.
Optimizing hydroponic salinity screening: a novel
approach using image-based phenotyping for double
haploid rice selection. Frontiers in Sustainable Food
Systems. 2025;9:16593331.
doi:10.3389/fsufs.2025.1659331.

April NYS, Kyaing MS, Thandar S, Myint MM, May
Phyo SS, et al. Morphological and molecular screening
of rice (Oryza sativa L.) for salinity tolerance at
seedling stage. International Journal of Plant Biology
Research. 2022;10(1):1129.

Asif S, Jan R, Kim N, Asaf S, Lubna, Khan MA, Kim
EG, Jang YH, Bhatta D, Lee IJ, Kim KM. Halotolerant
endophytic bacteria alleviate salinity stress in rice by
modulating ion content, endogenous hormones,
antioxidant system and gene expression. BMC Plant
Biology. 2023;23:494.

Azad M, Tohidfar M, Ghanbari Moheb Seraj R,
Mehralian M, Esmaeilzadeh-Salestani K. Identification
of responsive genes to multiple abiotic stresses in rice
(Oryza sativa): a meta-analysis of transcriptomics data.
Scientific Reports. 2024;14:5463.

Bhusan D, Das DK, Hossain M, Murata T, Hoque A.
Improvement of salt tolerance in rice by increasing
antioxidant  defense  systems using exogenous
application of proline. Australian Journal of Crop
Science. 2016;10(1):50-56.

Chen T, Niu Y, Yang C, Liang Y, Xu J. Screening of
rice (Oryza sativa L.) genotypes for salinity tolerance
and dissecting determinants of tolerance mechanism.
Plants. 2024,;13(7):1036.

Duong CQ, Bui AL, Le TH, Tran TT, Trinh NN.
Differential biochemical and metabolic responses of
contrast rice cultivars (Oryza sativa L.) under salt
stress. Acta Agrobotanica. 2023;76.

Dwiningsih Y, Alkahtani J. Potential of pigmented rice
variety Cempo Ireng in rice breeding program for
improving food sustainability. 2023;4(3):426-433. Doi:
10.37871/jbres1691.

Gautam AR, Khan AH, Poonam, Mobeen, Bahadur R,
Singh AK. Impact of salinity stress on morpho-
physiology of four rice varieties. Journal of Advances
in Biology & Biotechnology. 2024;27(11):138-145.
Hasan M, Mahadi M, Rahman A, Corpas FJ, et al. Salt
stress tolerance in rice (Oryza sativa L.): a proteomic
overview of recent advances and future prospects. Plant
Stress. 2024,11:100307.

Hasanuzzaman M, Alam MM, Rahman A,
Hasanuzzaman M, Nahar K, Fujita M. Exogenous
proline and glycine betaine mediated upregulation of
antioxidant defense and glyoxalase systems provides
better protection against salt-induced oxidative stress in
two rice varieties. BioMed Research International.
2014;2014:757219.

Hossen RM, Courtney A, Sim MA, Khan AK,
Verbruggen H, Bringloe T. An optimized CTAB
method for genomic DNA extraction from green
seaweeds (Ulvophyceae). Applications in Plant
Sciences. 2025;13(1):e11625. doi:10.1002/aps3.11625.
Huong CT, Anh TTT, Tran HD, et al. Assessing
salinity tolerance in rice mutants by phenotypic



14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

evaluation alongside simple sequence repeat analysis.
Agriculture. 2020;10(6):191.

Irakoze W, Quinet M, Prodjinoto H, Rufyikiri G,
Nijimbere S, Lutts S. Differential effects of sulfate and
chloride salinities on rice gene expression patterns: a
comparative transcriptomic and physiological approach.
Current Plant Biology. 2022;29:100237.

Ishfag J, Soomar AM, Khalid F, Abbasi Y. Assessing
rice (Oryza sativa L.) quality: a comprehensive review
of current techniques and future directions. Journal of
Agriculture and Food Research. 2023;14:100843.

Kim DM, Kang JW, Shim KC, Kim HJ, Tai TH, Ahn
SN. Characterization of genes associated with salt
tolerance using transcriptome analysis and quantitative
trait locus mapping in rice. Plant Breeding and
Biotechnology. 2021;9(4):318-330.

Kim TH, Kim SM. Identification of candidate genes for
salt tolerance at the seedling stage using integrated
genome-wide association study and transcriptome
analysis in rice. Plants. 2023;12(6):401.

Krishnamurthy R. Amelioration of salinity effect in salt
tolerant rice (Oryza sativa L.) by foliar application of
putrescine. Plant and Cell Physiology. 1991;32(5):699-
703.

Krishnamurthy SL, et al. Introgressed Saltol QTL lines
improves the salinity tolerance in rice at seedling stage.
Frontiers in Plant Science. 2020;11:833.
doi:10.3389/fpls.2020.00833.

Krishnamurthy SL, et al. Marker aided incorporation of
Saltol, a major QTL associated with seedling stage salt
tolerance, into Oryza sativa ‘Pusa Basmati 1121°.
Frontiers in Plant Science. 2017;8:41.
d0i:10.3389/fpls.2017.00041.

Kumar P, Sharma PK. Soil salinity and food security in
India. Frontiers in Sustainable Food Systems. 2020;4.
Mirete S, Mora-Ruiz MR, Lamprecht-Grandio M,
Figueras CG, Rossell6-Mora R, Gonzalez-Pastor JE.
Salt resistance genes revealed by functional
metagenomics from brines and moderate-salinity
rhizosphere within a hypersaline environment. Frontiers
in Microbiology. 2015;6:1121.

Mog BJD, Adiga RSV, et al. Physiological and
biochemical mechanisms of salinity tolerance in Indian
cashew (Anacardium occidentale L.). Scientia
Horticulturae. 2025;348:114221.

Naresh Babu N, Vinod KK, Gopala Krishnan S,
Bhowmick PK, Vanaja T, Krishnamurthy SL,
Nagarajan M, Singh NK, Prabhu KV, Singh AK.
Marker based haplotype diversity of Saltol QTL in
relation to seedling stage salinity tolerance in selected
genotypes of rice. Indian Journal of Genetics and Plant
Breeding. 2014;74(1):16-25.

Nivedita S, Behera SS, Behera PK, Parwez Z, Giri S,
Behera HT, Ray L. Salt-resistant Streptomyces
consortia promote growth of rice alleviating salinity
and drought stress tolerance by enhancing
photosynthesis, antioxidant function, and proline
content. The Microbe. 2024;4:100124.

Nurhidayati T, Rachmandika FCA, Jundana M, Rahayu
A, Herwibawa B, Saputro TB. Genetic diversity of
Indonesian rice varieties for salinity tolerance using
RAPD markers. Biodiversitas Journal of Biological
Diversity. 2025;26:31-738.
d0i:10.13057/biodiv/d260221.

33

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Reshna OP, Beena R. Salinity tolerance mechanisms in
rice: a review. Indian Journal of Agricultural Research.
2021.

Rodriguez Coca LI, Garcia Gonzalez MT, Gil Unday Z,
Jiménez Hernandez J, Rodriguez Jauregui MM,
Fernandez Cancio Y. Effects of sodium salinity on rice
(Oryza sativa L.) cultivation: a review. Sustainability.
2023;15(3):1804.

Sackey O, Feng N, Zakaria Y, Dzou F, Dianfeng Z,
Zhao L, Shen X. A comprehensive review on rice
responses and tolerance to salt stress. Frontiers in Plant
Science. 2025;16:1561280.

Saleem MA, Khan A, Tu J, et al. Salinity stress in rice:
multilayered approaches for sustainable tolerance.
International ~ Journal of  Molecular  Sciences.
2025;26:6025.

Sarkar R, Choudhury B. A review on improvement of
salt tolerance in rice (Oryza sativa L.) by increasing
antioxidant  defence systems using exogenous
application of proline. International Journal of
Advanced Research. 2024;12(05):463-472.
doi:10.21474/1JAR01/18738.

Shahzad B, Yun P, Shabala L, Zhou M, Sellamuthu G,
Venkataraman G, Chen Z, Shabala S. Unravelling the
physiological basis of salinity stress tolerance in
cultivated and wild rice species. Functional Plant
Biology. 2022;49:351-364.

Shrivastava P, Kumar R. Soil salinity: a serious
environmental issue and plant growth promoting
bacteria as one of the tools for its alleviation. Saudi
Journal of Biological Sciences. 2015;22(2):123-131.
Susan A, Yadav MK, Kar S, et al. Molecular
identification of blast resistance genes in rice landraces
from  northeastern India. Plant  Pathology.
2019;68(3):537-546.

Tabssum F, Zaman QU, Chen Y, Riaz U, Ashraf W,
Aslam A, Ehsan N, Nawaz R, Aziz H, Shah SUS.
Exogenous application of proline improved salt
tolerance in rice through modulation of antioxidant
activities. Pakistan Journal of Agricultural Research.
2019;32(1).

Taratima W, Chomarsa T, Maneerattanarungroj P.
Salinity stress response of rice (Oryza sativa L. cv.
Luem Pua) calli and seedlings. Scientifica. 2022;1-11.
Thanh NTP, Tien LTT. The tolerance of saline
conditions of rice seedlings in the treatment of
oligochitosan. Indian Journal of Agricultural Research.
2023;58(2024):1035-1041.  d0i:10.18805/IJARe.AF-
814.

Thomson MJ, et al. Characterizing the Saltol
guantitative trait locus for salinity tolerance in rice.
Rice. 2010.

Vasuki A, Geetha S. Validation of ‘Saltol” QTL under
sodicity. Electronic Journal of Plant Breeding.
2016;7(4):838-841. doi:10.5958/0975-
928X.2016.00113.7.

Vivekanandhan S, Karuppanan T, Ashokkumar K.
Evaluation of salinity tolerance in Tamil Nadu and
Kerala’s popular traditional rice varieties during
germination and early growth stages. Journal of Current
Opinion in Crop Science. 2024;5(1):41-47.

Wu 'Y, LiuJ, Zhao L, Wu H, Zhu Y, Ahmed I, Zhou G.
Abiotic stress responses in crop plants: a multi-scale



42.

43.

44,

45.

approach. Journal of Integrative Agriculture. 2026;25.
doi:10.1016/j.jia.2024.09.003.

Wu Y, Xiao N, Yu L, et al. Combination patterns of
major R genes determine the level of resistance to
Magnaporthe oryzae in rice (Oryza sativa L.). PLoS
ONE. 2015;10(6):0126130.

Yao D, Wu J, Luo Q, Zhuang W, Xiao G, Deng Q, Bai
B. Effects of salinity stress at reproductive growth stage
on rice composition, starch  structure, and
physicochemical properties. Frontiers in Nutrition.
2022;9:926217.

Zheng C, Liu C, Liu L, et al. Effect of salinity stress on
rice yield and grain quality: a meta-analysis. European
Journal of Agronomy. 2023;144:126765.

Zuo G, Huo J, Yang X, Mei W, Zhang R, Khan A,
Feng N, Zheng D. Photosynthetic mechanisms
underlying NaCl-induced salinity tolerance in rice
(Oryza sativa). BMC Plant Biology. 2024;24(1):41.

34



