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enetically modified (GM) seeds have become a cornerstone of modern agricultural

biotechnology, offering solutions to challenges such as low productivity, pest
infestations, and nutritional deficiencies. By introducing specific genes into plant genomes,
scientists can develop crops with enhanced traits such as pest resistance, herbicide tolerance,
and improved nutritional quality. However, alongside these benefits, GM seeds raise
concerns related to environmental safety, human health, and socio-economic impacts. This
article provides a balanced and analytical overview of the advantages and risks associated
with genetically modified seeds, helping readers understand their role in sustainable
agriculture.

Introduction

Genetically modified seeds are developed through advanced techniques of genetic
engineering, where specific genes are inserted, deleted, or modified within a plant’s genome.
Unlike traditional breeding, which relies on natural variation, genetic modification allows
precise manipulation of traits across species boundaries.

The adoption of GM crops has increased significantly over the past few decades,
particularly in countries like the United States, Brazil, and India (notably Bt cotton). These
crops are designed to address major agricultural challenges such as pest damage, weed
control, and climate stress.

Despite their widespread use, GM seeds remain a topic of debate. While proponents
highlight their potential to enhance food security, critics raise concerns about long-term
ecological and socio-economic consequences. Understanding both perspectives is essential
for informed decision-making.

How GM Seeds Are Developed

Genetic modification involves identifying a gene of interest—such as one conferring pest
resistance—and inserting it into the plant genome using techniques like gene transfer via
Agrobacterium or gene guns.

For example, Bt crops contain genes from the bacterium Bacillus thuringiensis, which
produce proteins toxic to specific insect pests. This reduces the need for chemical pesticides.
After gene insertion, the modified plants undergo rigorous testing to ensure stability, safety,
and performance. Successful lines are then multiplied and released as commercial seed
varieties.

Benefits of Genetically Modified Seeds

Increased Crop Yield

GM seeds often result in higher yields due to reduced losses from pests, diseases, and
environmental stress. This is particularly important in regions facing food shortages.

PRgri grticles ISSN: 2582-9882 Page 501

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


mailto:sanketburhade77@gmail.com

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

Burhade and Mahind (2026)

Agri Articles, 06(02): 501-504 (MAR-APR, 2026)

Pest and Disease Resistance

Conventional 1IPM-based Organic
Approach Both synthetic and natural | Conscious effort on using Emphasis on
fertilizers, pesticides, and cultural, biological, and sustainability and using
other materials are used. other options first and natural materials,
Although biological, using chemicals as needed. | Prohibits the use of
cultural, and other non- A balance In using synthetic | synthetic fertilizers and
chemical options and and natural compounds pesticides
natural sources of nutrients
are also used, the focus is
generally on synthetic
compounds
Production | Low mainly because several | Optimized because a Generally high due to
cost chemical pesticides and variety of practices and are | higher cost of control
synthetic fertilizers are implemented and materials | options and limited
inexpensive used nutrient sources
Returns H in the short term Higher in the short term Moderate
Pest control | Generally higher unless Generally higher by taking | Low to moderate
efficacy there are resistance issues | advantage of multiple depending on the pest
due to indiscriminate control options and yields
pesticide use are also higher
Pesticide Higher risk due to repeated | Lower risk due to optimal Repeated use of certain
resistance use of certain chemicals use by rotating chemicals in | biopesticides or organic-
different mode of action approved pesticides can
groups or by rotating with | still lead to resistance
non-chemical alternatives
Endemic and | Critical for managing Important for managing all | Some pests can be very
invasive certain pests pests difficult to manage
pests
Natural Can have a negative impact | Minimal to moderately Minimal to moderately
enemies on natural enemies negative impact on natural | negative impact on
enemies natural enemies
Environment | Environmental health can | Environmentally safe Environmentally safe
be affected when certain
chemicals are used
Human Human health is typically Safe for human health Safe for human health
health not affected where
pesticide use is effectively
lated
Food Ensures food security and Ensures food security and is | Food security is difficult
security is affordable for all affordable for most, if not | and affordable for only
consumers all, consumers some consumers

Crops engineered for pest resistance, such as Bt cotton, significantly reduce crop damage and
dependence on chemical pesticides. This lowers production costs and environmental
pollution.

Herbicide Tolerance

GM crops can be engineered to tolerate specific herbicides, allowing farmers to control
weeds more effectively without harming the crop. This simplifies weed management and
improves efficiency.

Improved Nutritional Quality

Biofortified crops such as Golden Rice are designed to address micronutrient deficiencies,
particularly in developing countries.

Tolerance to Abiotic Stress

GM seeds can be developed to withstand drought, salinity, and extreme temperatures, making
them suitable for climate-resilient agriculture.
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Risks and Concerns of GM Seeds

Environmental Risks

. . Our World
How dependent are foods on pollinator insects?

No dependency
Yields are not affected
by pollinators

ﬁ Cereals: wheat, maize, rice, sorghum, barley, rye, millet, oats

, Roots and tubers: cassava, potatoes, sweet potatoes, carrots

4, Legumes including lentils, peas, chickpeas

’ Fruit and veg including bananas, pineapples, grapes, lettuce, pepper

' Sugar crops: sugar cane and sugar beet

Also includes: areca nuts, asparagus, cabbages, castor oil seed, cauliflower, chicory roots, dates, garlic,
hazelnuts, jojoba seeds, leeks, olives, onions, pistachios, quinoa, spinach, taro, triticale, walnuts, yams.

Little dependency Qg Fruit and veg including oranges, tomatoes, lemons, limes, papayas
Yield reduction of 0% to 10%

el Lo ) Oilcrops including palm, poppy seed, linseed, safflower seed

/ Legumes including beans, cow peas, pigeon peas
w Groundnuts

Also includes: bambara beans, chillies, grapefruit, persimmons, string beans

Modest dependency Oilcrops including sunflower seed, rapeseed, sesame, mustard seed
Yield reduction of 10% to 40%

without pollinators / Soybeans

‘ Fruits including strawberries, currants, figs, gooseberries, eggplant
@ Coconuts and okra
6 Coffee beans

Also includes: broad beans, karite nuts, seed cotton

High dependency ‘ Fruits including apples, apricots, blueberries, cherries,

Yield reduction of 40% to 90% i
Wit pollinators mangoes, peaches, plums, pears, raspberries

a»ﬂ Nuts including almonds, cashew nuts, kola nuts

& Avocados

Also includes: cucumber, buckwheat, nutmeg, anise, fennel, coriander

Sources: Marcelo Aizen et al. (2019) and Alexandra-Maria Klein et al. (2006). Icons sourced from Noun Project.
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Hannah Ritchie.

One major concern is the development of herbicide-resistant weeds, often referred to as
“superweeds.” Additionally, gene flow from GM crops to wild relatives may affect
biodiversity.

Impact on Non-Target Organisms

GM crops designed to kill pests may also affect beneficial insects such as pollinators and
natural predators, potentially disrupting ecological balance.

Human Health Concerns

Although GM foods are generally considered safe by many scientific bodies, concerns persist
regarding potential allergenicity and long-term health effects.

Socio-Economic Issues

The high cost of GM seeds and dependence on seed companies can create challenges for
small farmers. Intellectual property rights may limit seed saving and traditional practices.

FAgri rticles ISSN: 2582-9882 Page 503

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

Burhade and Mahind (2026) Agri Articles, 06(02): 501-504 (MAR-APR, 2026)

Ethical and Cultural Concerns
Some people oppose genetic modification on ethical or cultural grounds, particularly when
genes are transferred across species.

Regulatory and Safety Aspects

GM crops undergo extensive testing and regulatory approval before commercialization.
Different countries have established frameworks to assess environmental and food safety
risks. In India, GM crops are regulated under biosafety guidelines, with approvals required
from authorities such as the Genetic Engineering Appraisal Committee (GEAC). Strict
monitoring and risk assessment are essential to ensure that GM technologies are used
responsibly and safely.

Balancing Benefits and Risks
The debate around GM seeds is not simply about acceptance or rejection but about
responsible use. While the benefits are significant, the risks must be carefully managed
through scientific research, regulation, and public awareness. Integrated approaches that
combine GM technology with sustainable farming practices can help maximize benefits
while minimizing negative impacts.

Future Prospects

Advances in gene-editing technologies such as CRISPR are expected to address many
limitations of traditional GM approaches. These technologies allow more precise and targeted
modifications, potentially reducing risks. The future of GM seeds lies in developing crops
that are not only high-yielding but also environmentally sustainable and socially acceptable.

Conclusion

Genetically modified seeds represent a powerful tool in modern agriculture, offering
solutions to some of the most pressing challenges in food production. Their ability to enhance
yield, improve nutrition, and increase resilience makes them highly valuable. However, the
associated risks—environmental, health-related, and socio-economic—cannot be overlooked.
A balanced, science-based approach is essential to harness the potential of GM seeds while
ensuring safety and sustainability. Ultimately, the success of GM technology will depend on
responsible innovation, effective regulation, and informed public engagement.
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