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ruits are among the most essential components of the human diet. They provide
vitamins, minerals, antioxidants, and dietary fiber, contributing to nutrition security
and good health. Beyond their dietary significance, fruit crops are central to the
horticultural economy, generating substantial income for farmers, creating rural employment,

and strengthening agro-based industries.

With the rapid rise in population, urbanization, and global trade, the demand for high-quality
fruits is increasing. Consumers are seeking fruits that are nutritious, attractive, seedless, and
have long shelf life, while growers require varieties that are high yielding, resistant to diseases

and pests, tolerant to climate change, and suitable for intensive production systems.

Fruit breeding is therefore the key scientific approach to achieve these goals. Breeding
techniques—ranging from traditional hybridization to modern molecular and genome editing
tools—are reshaping horticulture and opening new possibilities for sustainable fruit

production.
Objectives of Fruit Plant Breeding
The primary goals of fruit breeding can be summarized as follows:

e Yield Improvement: Developing varieties that can produce more fruits per unit area.
e Quality Enhancement: Improving fruit taste, aroma, size, color, texture, nutritional

value, and storage capacity.
o Stress Resistance: Developing tolerance against diseases, pests, drought, salinity, and

temperature extremes.
e Maturity & Harvest Time: Creating early or late-maturing varieties to ensure year-

round supply.


mailto:nathsahanob@gmail.com

www.agriallis.com /\\ /\G RI A LL I S Volume 7, Issue 8

Science for Agriculture and Allied Sector: A Monthly Magazine

o Seed lessness & Convenience Traits: Popular among consumers (e.g., seedless grapes,
citrus).
e Processing Suitability: Varieties with uniform size, high juice recovery, or specific

traits for canning, drying, and export.
Challenges in Fruit Crop Breeding

Breeding fruit crops is more complex compared to cereals or vegetables due to the following

reasons:

1. Long Juvenile Phase: Fruit trees like mango or apple may take 5-10 years to bear
fruits, delaying breeding cycles.

2. High Heterozygosity: Most fruit plants are cross-pollinated, leading to genetic
variability that complicates trait fixation.

3. Polyploidy: Many fruits (banana, citrus, strawberry) are polyploid, making inheritance
patterns complex.

4. Clonal Propagation: Vegetative propagation maintains variability but limits
conventional breeding approaches.

5. Climate Change: Emerging biotic and abiotic stresses demand rapid development of
resilient varieties.

6. Limited Genetic Resources: Some crops have narrow genetic bases, restricting

breeding potential.
Despite these challenges, innovative breeding tools are steadily overcoming such limitations.
Sources of Genetic Variability
Breeding relies on variability, the raw material for selection. Sources include:

o Germplasm Collections: National and international gene banks preserve fruit diversity
for breeding programs.

o Wild Relatives: Valuable for transferring traits like disease resistance (e.g., wild grapes
resistant to downy mildew).

e Mutation: Spontaneous or induced mutations create novel traits such as dwarfism or
seedlessness.

e Soma clonal Variation: Variations arising in tissue culture, sometimes useful in

developing new cultivars.
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o Biotechnology: Tools like molecular markers and tissue culture expand genetic

resources and improve selection efficiency.
Traditional Breeding Techniques in Fruit Crops

Selection

o Clonal Selection: Used in vegetatively propagated fruits like banana and mango.
Superior clones are identified and multiplied.

e Mass Selection: Applied in seed-propagated fruits like guava to improve populations
for uniformity and yield.

Hybridization

o Crossing two or more parents to combine desirable traits.

e Intraspecific Hybridization: Between varieties of the same species (e.g., mango
hybrids).

e Interspecific Hybridization: Between species of the same genus, such as citrus
hybrids (tangelo, tangor).

e Intergeneric Hybridization: Rare, but used in rootstock development (e.g., citrange

from Citrus x Poncirus).
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Polyploidy Breeding

e Inducing polyploidy with chemicals like colchicine or oryzalin.

e Production of triploid (seedless) varieties in citrus and banana.
Mutation Breeding

o Use of radiation (gamma rays, X-rays) or chemicals (EMS) to induce variability.

o Examples: ‘Thompson Seedless’ grape mutants, seedless guava, dwarf papaya lines.
Modern Breeding Approaches in Fruit Plants
Marker-Assisted Selection (MAS)

Molecular markers such as SSR, RAPD, and SNP allow early selection for traits like

disease resistance and fruit quality.
Genomic Selection & GWAS

Advanced genomics enables trait mapping and prediction of breeding values, useful in

long-generation crops like mango and apple.
Genetic Engineering

e Transgenic Fruits: Papaya resistant to papaya ringspot virus in Hawaii.
o Delayed Ripening Tomato: Example of genetic engineering for shelf-life extension.

Genome Editing (CRISPR-Cas)

e Precise modifications in fruit genomes.
« Potential for developing seedless varieties, improving stress tolerance, and enhancing

nutritional quality.
Tissue Culture & Soma clonal Variation

e Micropropagation: Mass multiplication of elite varieties.
o Embryo Rescue: Overcoming seed abortion in wide crosses.

e Somatic Hybridization: Fusion of protoplasts for novel hybrids.
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Breeding Strategies for Major Fruit Crops

Mango
o Objectives: dwarfness, regular bearing, fruit quality.

o Example hybrids: ‘Mallika’ (Neelum % Dashehari), ‘Amrapali’ (Dashehari x Neelum).

Banana
« Triploid breeding for seedless edible bananas.

o Tissue culture for mass propagation of disease-free plants.

Citrus
o Seedless hybrids (Kinnow seedless).

e Rootstock breeding for nematode and drought tolerance.

Grapes
« Focus on seedlessness, disease resistance, and export quality.

e Popular variety: ‘Thompson Seedless’ and its mutants.

Apple
e Breeding for scab resistance (e.g., ‘PRI’ series).

o Dwarfing rootstocks for high-density planting.

Other Fruits (short notes)
e Papaya: ‘Pusa Nanha’ (dwarf), PRSV-resistant transgenics.
e Guava: Seedless selections, ‘Arka Mridula’.
o Pomegranate: ‘Bhagwa’ for export markets.

o Litchi & Jackfruit: Breeding at early stages but with potential.
Role of Biotechnology in Fruit Breeding

o DNA Fingerprinting: Variety identification and protection.

e Genomic Resources: Whole genome sequencing (mango, banana, citrus) aids in trait
discovery.

« Cryopreservation: Long-term germplasm storage.

e Bioinformatics: Data-driven breeding decisions and trait mapping.
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Conclusion

Fruit breeding has traveled a long journey—from simple clonal selections in ancient
times to modern genome editing and digital breeding tools. Despite challenges like long
juvenile phases and complex inheritance, remarkable progress has been made in developing
high-yielding, seedless, disease-resistant, and export-quality fruit varieties.

The future lies in integrating traditional knowledge with modern tools, ensuring
sustainability, and aligning breeding objectives with farmers’ needs and consumers’
preferences. In this way, fruit breeding will not only improve productivity but also contribute

to nutritional security, rural development, and a sustainable horticultural future.
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