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Abstract: -

The abstract should concisely summarize the key ideas of the
article. Start by stating the growing importance of organic
agriculture in addressing environmental and health concerns.
Highlight how traditional plant breeding has long focused on high-
input conventional systems, aiming for traits like yield maximization
and uniformity under synthetic fertilizer and pesticide use.

Then, emphasize that organic farming operates under a
different set of conditions—low external inputs, biological pest
control, and soil-based nutrient management—which require a
distinct breeding approach. Mention that traits such as pest
resistance, nutrient-use efficiency, weed competitiveness, and
adaptability to local conditions are more crucial in organic systems.

Finally, summarize the potential of organic-specific breeding
programs to develop resilient, sustainable, and locally adapted crop
varieties, and note the challenges and opportunities this approach
presents. The abstract should end with a statement on the relevance
of rethinking plant breeding in light of organic principles.

1. Introduction

Importance of plant breeding in Rise of organic farming globally:

agriculture: Plant breeding is a fundamental
tool in agriculture used to improve crop vyield,
quality, disease resistance, and adaptability. It
plays a key role in meeting the food demands
of a growing population while addressing
challenges like climate change and pest

pressure.

Organic farming has gained momentum
worldwide as a sustainable alternative to
conventional agriculture. It avoids synthetic
inputs and focuses on ecological balance, soil
health, and biodiversity. This shift has created
new demands for crop varieties that can

perform well under organic conditions.
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Core question — Does organic farming
require a different breeding approach?:
Traditional breeding methods prioritize
high performance under high-input systems.
However, organic farming operates with
minimal external inputs and relies on natural
This

conventionally bred varieties thrive in organic

processes. raises the question: can
systems, or is there a need for plant breeding
specifically tailored to organic environments?
2. Principles of Organic Farming
Definition:

Organic farming is an agricultural

system that avoids synthetic fertilizers,
pesticides, and genetically modified organisms
(GMOs), relying instead on natural processes
and ecological balance.
Key Principles:

= Sustainability: Long-term productivity:

without degrading the environment.

= Biodiversity:  Promoting  diverse
species to  enhance  ecosystem
resilience.

= Natural Inputs: Using compost, green

manure, and biological pest control.

= Soil

improving soil fertility through organic

Health:  Maintaining  and
matter and microbial activity.

Restrictions:
Synthetic chemicals (fertilizers,

pesticides) and GMOs are not allowed, making

the farming system reliant on naturally

adaptable and resilient crop varieties.

3. Conventional vs Organic  Plant

Breeding: A Comparison

Conventional Breeding Goals:

& Focus on high yield, uniformity, and
input responsiveness (i.e., fertilizers,
irrigation, and pesticides).

& Designed for controlled, high-input
environments.

Organic Breeding Goals:

< Prioritize resilience to biotic and
abiotic stresses.

# Enhanced nutrient-use efficiency,

especially under low-input conditions.

& Weed competitiveness  through
vigorous growth and canopy cover.
and

& Strong adaptation to local

variable conditions.

Trait

Input Dependence High
Disease Resistance
Weed Management Herbicides
Nutrient Needs

Adaptability

High fertilizer use
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Conventional Breeding

Often managed via chemicals

Uniform across regions

Organic Breeding

Low (self-reliant systems)
Crucial (no synthetic chemicals)
Plant competitiveness

Nutrient efficiency vital

Locally adapted varieties
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4. Traits Required for Organic Varieties

1. Disease and Pest Resistance:
Essential due to prohibition of
chemical controls.

2. Weed Competitiveness: Vigorous
early growth and dense canopy to
suppress weeds.

3. Nutrient Use Efficiency:
Especially  for nitrogen and
phosphorus under low-input
conditions.

4. Environmental Stress Tolerance:
Drought, salinity, and temperature
fluctuations.

5. Enhanced Root Systems: Better
nutrient and water uptake.

6. Taste, Nutrition, and Consumer
Appeal: As organic_produce. often

targets health-conscious consumers.

5. Breeding Strategies Suitable for Organic

Farming

1. Participatory Plant Breeding
(PPB):  Involves farmers in
selecting and developing varieties
suited to local organic conditions.

2. On-farm Selection and
Evaluation: Selection in the actual
organic field conditions for better
adaptation.

3. Genotype X Environment

Interaction: Crucial to identify
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stable genotypes under diverse
organic systems.

4. Use of Open-Pollinated Varieties
(OPVs): Favored for adaptability,
seed saving, and genetic diversity.

5. Selection under Organic
Conditions: Breeding must occur
in organic environments to ensure
suitable traits are expressed and

selected.

6. Challenges in Organic Plant Breeding

Organic plant breeding faces several

challenges:

= Limited funding and research:

Organic breeding often lacks the
financial support and large-scale
infrastructure available for
conventional breeding programs.
Longer breeding cycles: The slower
pace of organic breeding is due to the
focus on natural processes and the
absence of high-input treatments.

Seed purity and contamination:
Maintaining purity in organic seed
varieties is critical, especially with the
potential for contamination from
GMOs.

Regulatory hurdles: The regulatory
process for organic crops is complex,
often limiting the speed of variety

approval and adoption.
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7. Successful Case Studies

Several successful organic breeding
projects have proven the potential of this
approach:

= Cereal crops: Varieties like ‘Buster’

wheat have been bred for organic

systems, focusing on resilience to
disease and nutrient efficiency.

= Vegetables: Projects involving open-

pollinated tomato varieties have

successfully adapted to organic
growing conditions with enhanced pest
resistance and improved yield.
= Organizations such as FiBL (Research
Institute of Organic Agriculture) have
been key contributors to developing
organic-specific crop varieties.
8. Future Prospects and Recommendations
To strengthen organic breeding, the
following steps are recommended:
= Integration of modern tools like
genomic selection, marker-assisted
breeding, and CRISPR (within organic
guidelines).
= Greater

farmer involvement:

Ensuring farmers’ perspectives shape

breeding programs through
participatory methods.
= Government and NGO support:

Enhanced funding for organic breeding

programs and policy support to

overcome regulatory barriers.
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= Building dedicated organic breeding
Establish

research centers focusing on organic

programs: specialized

breeding to foster innovation in this

field.
Conclusion

Plant breeding for organic farming is
indeed different from conventional approaches
in its goals, methods, and priorities. While
conventional breeding emphasizes vyield,
uniformity, and responsiveness to chemical
inputs, organic breeding focuses on traits like
stress resilience, nutrient-use efficiency, weed
competitiveness, and adaptability to local
conditions—qualities that are crucial in low-
input, ecologically-based systems. Breeding
strategies for organic systems must involve
participatory methods, on-farm selection, and a
strong

understanding of  genotype x

environment interactions. As  organic
agriculture continues to expand globally,
investing in dedicated organic plant breeding
programs will be essential to ensure
sustainability, food security, and consumer
satisfaction. A paradigm shift toward breeding
specifically for organic conditions is not only
justified but necessary to unlock the full
potential of organic farming.
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