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Fruit cultivation has evolved tremendously over the last few decades. Behind the success
of high-density orchards, disease-free plantations, uniform trees, and climate-resilient
fruit production lies a crucial and often overlooked component—the rootstock. Rootstocks
are not just roots. They are the biological engine that determines how a fruit tree grows,
survives, and performs. This article dives deeper into the science and art of rootstock
breeding, explaining how it shapes the future of fruit production worldwide.

The Biological Importance of Rootstocks

Rootstocks influence every major physiological process, including:
« Water absorption

e Nutrient uptake

e Hormonal balance (auxin-cytokinin ratio)
o Tree size regulation

e Flowering behavior

o Fruit set and quality

« Stress response pathways
Rootstocks directly control:
« Scion vigor

e Tree architecture

e Yield efficiency

e Longevity

Thus, a rootstock is a bio-regulator of the entire plant.

Why Rootstock Breeding is a Priority Today

Modern orchards need rootstocks that can survive:

e Warming climate

Irregular rainfall

Soil salinity rise

New pests & pathogens

Land scarcity

o Water shortages

Breeding programs worldwide now target rootstocks that can function as climate fighters.

Key Traits Targeted in Rootstock Breeding
Breeding efforts aim for a combination of 10+ critical traits:
1. Size Control (Dwarfing/Semi-Dwarfing)

Allows:

« High Density Planting (HDP)

o Ultra High Density Planting (UHDP)

e Mechanized orcharding
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« Easy canopy management

2. Soil-borne Disease Resistance

Root rot, wilt, nematodes, and Phytophthora threaten orchard life.
3. Salinity and Sodicity Tolerance

Essential for regions with:

o canal irrigation

« coastal belts

« alkaline soils

4. Drought and Heat Tolerance

Making orchards resilient in semi-arid regions.

5. Cold/Chilling Tolerance

Needed for crops planted outside traditional zones.

6. Scion Compatibility

Ensuring graft success and long-term stability.

7. Enhanced Root Architecture

Deep roots = drought tolerance

Fibrous roots = nutrient efficiency

8. Early Bearing (Precocity)

Helps farmers recover investment faster.

9. Improved Fruit Quality

By influencing nutrient flow, hormones & canopy structure.
10. Longevity and Productivity

Rootstocks can extend orchard life from 10 to 40 years depending on the crop.

Crop-Wise Deep Details on Rootstock Breeding

1. Apple Rootstock Breeding

The highest number of rootstocks in the world comes from apples.
Major breeding centres:

o East Malling Research (UK)

e Geneva Program (USA)

o Ottawa Research Station (Canada)

« Polish breeding centres

Leading rootstock series:

e M Series — traditional dwarfing

e« MM Series — Malling-Merton (disease resistance)

e Geneva series (G.11, G.41, G.935) — fire blight resistance, replant tolerance
Traits improved:

« Resistance to woolly apple aphid

Fire blight resistance

Replant disease tolerance

Drought adaptability

Extreme dwarfing for super-high density orchards (3000-5000 trees/ha)
Apple rootstocks have advanced HDP systems more than any other fruit.
2. Citrus Rootstock Breeding

Citrus diseases and soil issues make rootstock breeding compulsory.
Key breeding targets:

o Tolerance to tristeza virus

e Phytophthora resistance

« Drought and salinity tolerance

« Nematode resistance

Famous rootstocks worldwide:

e Rangpur lime — drought-proof

e Carrizo citrange — disease resistant

o Trifoliate orange — tristeza-proof

PRgri grticles ISSN: 2582-9882 Page 481

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O



parde de de de de Ao de Ao Ao Ao e Ae e e Ao e e A Ae e e A e A U U U O Or Ur Ov dv dv dv dv de de de Ao 1o e e dr Or O de de de Ae Ae e e Or

Shingade (2025) Agri Articles, 05(06): 480-484 (NOV-DEC, 2025)

e Swingle citrumelo — nematode resistant

e Volkamer lemon — vigorous, high yield
Advanced molecular tools are now used to:

o map disease-resistant genes

e develop hybrid citranges & citrumelos

« screen rootstock x scion interaction

3. Mango Rootstock Breeding

Historical dependence on seedling rootstocks is shifting to controlled breeding.
High-performing rootstocks:

e Vellaikolumban — dwarfing

e Olour - salinity tolerant

o Sabre — uniform growth

« Bappakai - vigor control

o Kurukkan — reduces plant height in UHDP
Modern breeding focuses on:

« internal physiological compatibility

« reducing biennial/alternate bearing

« controlling tree height in UHDP orchards

e improving nutrient use efficiency

Mango rootstock breeding is gaining momentum in India due to expanding UHDP
plantations.

4. Grapevine Rootstock Breeding

Most grape-growing regions depend heavily on rootstocks.
Challenges:

« Root-knot nematodes

e Phylloxera pest

e Salinity & drought

Popular rootstocks:

o Dogridge — nematode resistant

e 110R —drought tolerant

e 99R - high vigor

e SO4 —good in wet soils

o Paulsen 1103 — drought + salinity tolerance
Breeding targets:

e low scion vigor

« uniform clusters

e sugar accumulation

e improved berry size

5. Guava Rootstock Breeding

The recent guava wilt epidemic made rootstock breeding essential.
Promising rootstocks:

« Aneuploid 82 — dwarfing + quality improvement
e Portugal — good compatibility

e Pusa Srijan — wilt tolerant

e Thai rootstocks — vigor reduction

Targeted improvements:

« resistance to guava wilt (Fusarium + nematodes)
« reduced seed hardness

e increased sweetness

Advanced Breeding Tools in Rootstock Development

Modern rootstock programs now use biotechnological tools to speed up breeding.
1 Marker-Assisted Selection (MAS)

Identifying genes for:
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o dwarfness

e nematode resistance

o salt tolerance

« disease resistance

This speeds up selection before field trials.

2 Molecular Mapping & QTL Identification

QTLs (Quantitative Trait Loci) help breeders understand:
e vigor genes

« fruiting behavior

e stress tolerance

Example:

Fire blight resistance gene Fb_EAA41 in Geneva apple rootstocks.
3 Tissue Culture for Mass Multiplication
Micropropagation is used to multiply:

e Apple rootstocks (M9, G.41)

o Grape rootstocks (110R, Dogridge)

« Banana and citrus rootstocks

4 Genome Editing (CRISPR-Cas9)

Future rootstocks will be gene-edited to:

e resist viral diseases

e survive extreme drought

« tolerate salt-heavy soils

Global Rootstock Development Programs
Countries leading rootstock innovation:

USA

o Geneva apple rootstocks

o Grafted high-density citrus programs

o Drought-tolerant grape rootstocks

Europe

o East Malling dwarfing rootstocks

e Polish semi-dwarf apple rootstocks

India

e Mango UHDP rootstocks

o Cottony apple rootstock import substitutes
o Guava wilt-resistant lines

o Salt-tolerant pomegranate & ber rootstocks
Australia

e Avocado rootstock breeding

o Salinity-tolerant citrus hybrids

Impact of Rootstocks on Farming Economics
Rootstocks directly influence farmers' income.
Through:

e 2-4xincrease in yield

40-60% reduction in pesticide use

20-30% saving in irrigation water

Higher density planting

Early production

o Better fruit uniformity = higher market price
Example:

Apple orchards using M9 rootstock earn 3-5x more income than traditional seedling
orchards.
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Challenges in Rootstock Breeding
Long juvenile periods

Graft incompatibility

Slow evaluation across climates
Complex root genetics

Limited funding and skilled breeders
o Climate unpredictability

Despite these, progress is rapid.

The Future of Rootstock Breeding

Within the next 20 years, we expect:

v’ CRISPR-developed salt-proof citrus

v’ Heat-proof mango rootstocks

v Ultra-dwarf apple rootstocks for 5000+ plants/ha

v’ Nematode-immune grape rootstocks

v Fusarium-wilt-proof guava

v’ Universal rootstocks compatible with multiple varieties

v Rootstocks designed using artificial intelligence (Al-breeding)
Rootstocks will not just support trees—they will engineer orchards.

Conclusion

Rootstock breeding is one of the most powerful yet least understood areas of horticultural
science.

It determines:

o the strength of trees

resilience in harsh environments

fruit quality

orchard economics

long-term sustainability

As the climate continues to change and the demand for fruit increases, rootstock breeding
will remain the cornerstone of modern horticulture.
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