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Genetically modi-
fied (GM) crops 
have revolutio-

nized modern agricul-
ture by offering sustai-
nable solutions to pest 
management and yield 
improvement. This ar-
ticle explores the scien-
tific foundation and re-
al-world impact of GM 
seeds, particularly in 
improving crop resis-
tance to pests and en-
vironmental stresses. It 
highlights the success of 
Bt crops like cotton and 
maize in reducing pes-
ticide use and boosting 
productivity across di-
verse geographies. The 
role of newer biotech-
nological tools such as 
gene editing and RNA 
interference is also dis-
cussed, showcasing fu-
ture-ready innovations 
in crop improvement. 
While GM technology 
presents immense po-

tential, challenges such 
as resistance buildup, 
regulatory hurdles, and 
public acceptance re-
main. With balanced 
policies and responsi-
ble adoption, GM crops 
can play a pivotal role in 
ensuring food security, 
reducing environmental 
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impact, and supporting climate-resilient farming 
systems.

The global demand for food is projected to in-
crease by 70% by 2050 due to population growth, 
urbanization, and changing dietary habits (FAO, 
2017). In response, agricultural innovations 
have become imperative to ensure food security. 
Among these, genetically modified (GM) crops 
have emerged as a cornerstone technology. These 
crops, engineered to possess desirable traits such 
as pest resistance and higher yields, have trans-
formed the agricultural landscape in many parts 
of the world.

What
are GM crops?1



Digital Agri News e-MagazinePage 3
August 2025

GM crops are developed through re-
combinant DNA technology, where 
specific genes are inserted into plant 
genomes to confer new traits. Unlike 
traditional crossbreeding methods 
that take years and are limited by 
species compatibility, GM technolo-
gy allows precise gene insertion from 
virtually any organism. This has ena-
bled scientists to design crops with 
traits such as drought tolerance, her-
bicide resistance and most impor-
tantly, pest resistance and enhanced 
productivity (James, 2015).

One of the earliest and most success-
ful applications of GM technology 
was the development of insect-resis-
tant crops, especially Bt cotton and Bt 
maize. These crops carry genes from 
the bacterium Bacillus thuringiensis 
(Bt), which produces proteins toxic to 
specific insect pests but safe for hu-
mans and other animals. 

Bt cotton has significantly reduced 
the need for chemical insecticides. 
For example, in India, pesticide use 
on cotton decreased by over 50% af-
ter the introduction of Bt cotton in 
2002, while yields increased by near-
ly 30% (Kumar et al., 2020). This not 
only reduced production costs but 
also lessened environmental conta-
mination and health risks associated 
with pesticide exposure.

GM crops offer sustainable pest ma-
nagement. By reducing pest popu-
lations and their ability to develop 
resistance, GM technology supports 
Integrated Pest Management (IPM) 
strategies. Newer generations of GM 
crops now combine multiple Bt genes 
(stacked traits) to delay resistance 
development in pests (Carrière et al., 
2016).

GM technology also directly contri-
butes to yield improvement. Several 
GM crops have been engineered to 
withstand biotic (pests and diseases) 
and abiotic (drought, salinity, extre-
me temperatures) and stresses. This 
stability ensures consistent yields 
even under suboptimal growing con-
ditions. 

For instance, drought-tolerant maize 
such as MON 87460 has shown a 6% 
increase in yields under water-limi-
ted conditions in sub-Saharan Afri-
ca (Edgerton et al., 2012). Likewise, 
Golden rice, engineered with genes 
to produce beta-carotene (a vitamin 
A precursor), not only improves nu-
tritional value but is also bred into hi-
gh-yielding local rice varieties. 

Biotech soybean and canola with im-
proved nitrogen efficiency and pho-
tosynthetic performance are also 
being developed to enhance overall 
productivity.

Pest Resistance: 
A Game Changer

Yield enhancement 
through genetic modification

2
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These innovations align 
with sustainable inten-
sification- producing 
more food on existing 
farmland with fewer re-
sources.

As of 2023, GM crops 
are cultivated in over 
70 countries, with top 
adopters being the Uni-
ted States, Brazil, Ar-
gentina, Canada and 
India (ISAAA, 2023). 
The most common GM 
crops include soybean, 
maize, cotton and ca-
nola. According to the 
International Service 
for the Acquisition of 
Agri-biotech Applica-
tions (ISAAA), more 
than 1.7 billion hectares 
of biotech crops have 
been planted since 1996.

•	United States: Over 
90% of corn, soy and 
cotton grown are GM 
varieties. Herbici-
de-tolerant and in-
sect-resistant crops 
have significantly re-
duced soil tillage and 
fuel usage, supporting 
conservation agricul-
ture.

•	India: Bt cotton revolutionized Indian co-
tton farming, making it the largest produ-
cer and exporter globally. It uplifted small-
holder incomes, especially in Maharashtra 
and Gujarat. 

•	Bangladesh: The introduction of Bt brin-
jal (eggplant) led to a reduction of a 61% in 
pesticide use and a 19.6% increase in yield 
compared to non-GM varieties (Shelton et 
al., 2018).

Global adoption 
and success stories4
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Despite their benefits, GM crops face 
regulatory, ethical, and ecological cha-
llenges.

-countries have responded by pro-
moting public sector biotech re-
search to make GM seeds accessi-
ble and affordable

Biotechnology is rapidly evolving 
beyond first-generation GMOs. 
Some promising advances include:

•	Resistance development: 
Continuous exposure of pests to 
Bt crops may lead to resistance. 
This has been observed in pests 
like the pink bollworm. To coun-
ter this, farmers are encouraged 
to plant ‘refuge areas’ with non-
Bt crops. 

•	Gene flow and biodiversity: 
Concerns about gene flow from 
GM crops to wild relatives and 
unintended impacts on non-tar-
get organisms persist. However, 
long-term studies have shown mi-
nimal ecological disruption when 
GM crops are responsibly mana-
ged (Brookes and Barfoot, 2020).

•	Consumer acceptance and la-
beling: Public skepticism about 
GMOs remains, particularly in 
Europe and parts of Asia. Trans-
parent labeling and public enga-
gement are crucial to address the-
se fears. 

•	Intellectual property and far-
mer rights: Patents on GM seeds 
can restrict farmers from saving 
and replanting seeds, raising con-
cerns about corporate control 
over agriculture. Some

•	CRISPR-Cas9 and gene 
editing: Unlike transgenic 
methods, gene editing allows 
precise modifications without 
introducing foreign DNA. 
Crops edited for yield enhan-
cement, disease resistance, or 
improved shelf life are emer-
ging with fewer regulatory ba-
rriers. 

•	RNA interference (RNAi): 
This technique silences spe-
cific genes in pests or patho-
gens without affecting the host 
plant. RNAi-based GM crops 
like SmartStax Pro maize are 
expected to be the next fron-
tier in pest resistance.

•	Biofortification through 
GM: Crops fortified with iron, 
zinc or essential vitamins (e.g., 
biofortified cassava or Golden 
Rice) address malnutrition in 
vulnerable populations.

Challenges
and criticisms

Challenges
and criticisms

5
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Regulatory landscape 
and Indian perspective7
In India, only Bt cotton is approved for com-
mercial cultivation, while GM mustard (DMH-
11) has recently been cleared for environmental 
release. Other food crops remain under strict 
regulation by the Genetic Engineering Apprai-
sal Committee (GEAC). The debate over GM 
food crops is politically sensitive, despite scien-
tific consensus on their safety.

India’s policy must stri-
ke a balance between 
scientific innovation 
and public trust. Stren-
gthening biosafety eva-
luation, promoting in-
digenous GM research, 
and ensuring access to 
technology for small-
holders are key.

Genetically modi-
fied crops represent 
a powerful tool in ad-
dressing the twin cha-
llenges of pest pressure 
and yield stagnation. 
By reducing pesticide 
dependency and im-
proving resilience, GM 
seeds contribute to sus-
tainable agricultural 
productivity. However, 
responsible adoption 
backed by science, re-
gulation and public 
awareness is essential 
to realize their full po-
tential. The future of 
agriculture will likely 
involve a fusion of ge-
nomics, precision bre-
eding and digital tools. 
As climate change in-
tensifies and food se-
curity becomes more 
urgent, GM crops will 
remain central to our 
strategy for resilient, 
efficient and inclusive 
agriculture.

•	Stacked traits and climate-smart 
crops: Combining traits like herbicide to-
lerance, pest resistance, and drought tole-
rance into a single variety offers multi-di-
mensional benefits to farmers dealing with 
climate stressors.

C o n c l u s i o n
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