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Soil salinity is a major abiotic stress that limits crop productivity, especially in arid and
semi-arid regions. High salt concentration in soil causes osmotic stress, ion toxicity, and
nutrient imbalance in plants, leading to reduced growth and yield. Therefore, developing
salinity-tolerant crop varieties through breeding is a sustainable and long-term solution.

Nature of Salinity Tolerance

Salinity tolerance is a complex trait controlled by multiple genes (polygenic). It involves
several physiological and biochemical mechanisms such as:

e Osmotic adjustment

¢ Jon homeostasis (Na* exclusion and K* retention)

e Antioxidant activity

e Tissue tolerance

Sources of Genetic Variation

Genetic variability is essential for breeding. Sources include:
e Landraces and traditional varieties

e Wild relatives of crops

e Mutants (natural or induced)

e Exotic germplasm

Conventional Breeding Methods

1. Selection

Screening and selection of tolerant plants under saline conditions.

2. Hybridization

Crossing salt-tolerant genotypes with high-yielding varieties followed by selection.
3. Backcross Breeding

Transfer of salinity tolerance genes into elite cultivars while retaining desirable traits.
4. Recurrent Selection

Improvement of populations through repeated cycles of selection.

5. Mutation Breeding

Inducing variation using chemicals or radiation to obtain tolerant mutants.

Modern Breeding Approaches

1. Marker-Assisted Selection (MAS)

Use of DNA markers (SSR, SNP) linked to salinity tolerance genes for early and accurate
selection.

2. QTL Mapping

Identification of quantitative trait loci controlling salinity tolerance traits.

3. Genomics-Assisted Breeding

Use of genome sequencing and GWAS to identify candidate genes.
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4. Genetic Engineering

Introduction of specific genes responsible for salt tolerance into crops.
5. Genome Editing (CRISPR/Cas9)

Precise modification of genes to improve salinity tolerance.

6. Omics Approaches

Includes:

e Transcriptomic

Proteomics

Metabolomics

Screening Techniques

Germination tests under saline conditions

Hydroponic screening

Field trials in saline soils

Measurement of Na*/K* ratio, chlorophyll content, and plant growth
Challenges in Breeding for Salinity Tolerance

Complex polygenic inheritance

Genotype x environment interaction

Difficulty in accurate screening

Linkage drag

Stage-specific tolerance (seedling vs adult stage).

Achievements

e Development of salt-tolerant varieties in crops like rice, wheat, and barley
e Identification of important QTLs

e Use of molecular tools in breeding programs

Future Prospects

Integration of conventional and molecular breeding
Use of CRISPR and advanced genomics
Development of multi-stress tolerant varieties

Use of halophyte genes

Conclusion

Breeding for salinity tolerance is essential to combat soil salinization and ensure food
security. Combining traditional and modern breeding approaches can lead to the development
of high-yielding, salt-tolerant crop varieties.
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