A Monthly e Magazine

. ISSN:2583-2212
Popular article July, 2026 Vol.6(7), 2211-2214

Role of Biotechnology in Agriculture

Pear| Saharan
Department of Microbiology

Guru Jambheshwar University of Science and Technology, Hisar, Haryana 125 001, India
Correspondence: Pearlsaharan306(@gmail.com

doi.org/10.5281/ScienceWorld.21847332

Abstract

Biotechnology has become a central tool in modern agriculture, offering new approaches to
improve crop productivity, nutrient quality, and resilience to environmental stresses.
Techniques such as genetic engineering, marker-assisted selection, tissue culture, RNA
interference, and genome editing have expanded the capacity of scientists to develop improved
crop varieties with greater resistance to pests, diseases, drought, salinity, and heat stress.
Biotechnology also supports sustainable agriculture through biofertilizers, biopesticides,
biofortification, and efficient plant propagation systems. As climate change and population
growth intensify pressure on food systems. Biotechnology is expected to play an increasingly
important role in securing global food production and promoting agricultural sustainability.
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Introduction

Agriculture is facing severe challenges from population growth, climate change, soil
degradation, water scarcity, and increasing pressure from pests and diseases. Traditional
breeding has contributed substantially to crop improvement, but it is often slow and limited by
the genetic diversity available within sexually compatible sp. Biotechnology offers more
precise and efficient solutions by enabling direct manipulation of genetic material, rapid
multiplication of elite plant material, and targeted development of stress-tolerant and
nutritionally enhanced crops (Ranjha et al., 2022; Shi et al., 2024). The term biotechnology in
agriculture refers to the use of living organisms, cells, or biological systems to develop or

improve agricultural products and processes. In recent decades, advances in molecular biology
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and genetic engineering have transformed agriculture from a largely phenotype based
discipline into one increasingly guided by molecular tools and genomic information. These
developments have made biotechnology an essential part of modern crop science and
agricultural sustainability strategies (Ranjha et al., 2022; Riaz et al., 2025).

Major applications

Biotechnology is used in agriculture in several important ways. One of the most
significant applications is the development of crops with improved yield and resistance to biotic
and abiotic stresses. Genetic engineering has made it possible to transfer useful genes into crop
plants to improve insect resistance, disease resistance, drought tolerance, and nutrient use
efficiency. Bt crops, e.g. express insecticidal proteins derived from Bacillus thuringiensis and
have been widely used to reduce insect damage and pesticide use (Ranjha et al., 2022). Another
important application is tissue culture and micropropagation. These techniques allow rapid
production of disease free plantlets under controlled conditions and are especially valuable for
crops such as banana (Musa paradisiaca), potato (Solanum tuberosum), sugarcane (Saccharum
officinarum), and ornamentals. Micropropagation is widely used in agricultural systems where
uniformity, health status, and rapid multiplication are essential (Ranjha et al., 2022).
Biotechnology also contributes to biofortification, which aims to increase the nutritional value
of staple crops. Golden rice, e.g. was developed to enhance provitamin A content, while other
biofortified crops have been designed to improve Fe, Zn, and amino acid levels. Such crops are
especially important in regions where micronutrient deficiency is widespread (Ranjha et al.,
2022).

Biotechnology also supports the use of biofertilizers and biopesticides. Beneficial
microbes can improve soil fertility, enhance nutrient uptake, and reduce dependence on
synthetic fertilizers and chemical pesticides. These approaches are increasingly important in
sustainable agriculture because they help reduce environmental pollution while maintaining
productivity (Ranjha et al., 2022).

Biotechnology and crop improvement

Crop improvement has been one of the most important goals of agricultural
biotechnology. Conventional breeding remains valuable, but molecular approaches such as
marker assisted selection, quantitative trait loci analysis, and genome sequencing have made it
possible to identify desirable traits more efficiently. Such approaches accelerate breeding by
linking genetic markers to agronomically important traits such as yield, disease resistance, and

stress tolerance (Riaz et al., 2025). Genetic engineering has further expanded the scope of crop
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improvement by allowing the insertion, modification, or silencing of specific genes. Transgenic
approaches have been used to develop crops with herbicide tolerance, improved storage quality,
delayed ripening, and resistance to pathogens and insects. Transgenic crops have played a
major role in the development of pest resistant varieties and in reducing postharvest losses (
Ranjha et al., 2022). Genome editing technologies such as CRISPR-Cas9, TALENSs, and Zn
finger nucleases have revolutionized plant breeding. CRISPR based editing is especially
attractive because it is precise, relatively inexpensive, and adaptable to a wide range of crops.
Studies have highlighted the growing importance of genome editing in improving crop
resilience and development, particularly under climate stress conditions (Shi et al., 2024; Riaz
u., 2025).

Sustainability and food security

One of the strongest arguments for agricultural biotechnology is its contribution to
sustainability and food security. Biotechnology can reduce crop losses, improve resource
efficiency, and support production under adverse environmental conditions. Crops engineered
for drought tolerance, salinity tolerance, and disease resistance may help farmers maintain
yields in regions increasingly affected by climate variability (Shi et al., 2024; Riaz et al., 2025).
Biotechnology also has the potential to lower the environmental footprint of agriculture. By
reducing the need for pesticides, improving N use efficiency, and increasing the effectiveness
of breeding programs. Biotechnology can support more environmentally responsible farming
systems. Biotechnology is not only a production tool but also a sustainability strategy for future
agriculture (Ranjha et al., 2022; Shi et al., 2024). Biotechnology is increasingly viewed as
essential for meeting future food demand. Scientific discussions have emphasized that the
combination of molecular breeding, gene editing, synthetic biology, and data driven agriculture
will be necessary to feed the world’s growing population while preserving natural resources
(Shi et al., 2024; Riaz et al., 2025).
Challenges and Future prospects

Biotechnology in agriculture also faces important challenges. Biosafety, regulatory
approval, public acceptance, and intellectual property issues remain major barriers. There are
ongoing debates about environmental risks, including gene flow to wild relatives, resistance
development in pests, and potential ecological effects of genetically modified crops (Riaz et
al., 2025). Socioeconomic concerns are also important. The cost of developing and
commercializing biotechnological products may limit access for smallholder farmers,

particularly in developing countries. Misinformation and public distrust can slow adoption

2213

Official Website Published 30/07/2026
www.thescienceworld.net

thescienceworldmagazine@gmail.com

bmﬁh“!’



http://www.thescienceworld.net/
mailto:thescienceworldmagazine@gmail.com

{mihly « ClMagzame July, 2026 Vol.6(7), 2211-2214 Pearl Saharan

even when technologies are scientifically sound. Successful implementation of agricultural
biotechnology depends not only on scientific progress but also on transparent regulation,
farmer education, and equitable access.

The future of agricultural biotechnology is likely to be shaped by genome editing,
synthetic biology, multi omics, and Al. These tools can improve the speed and precision of
crop improvement while helping scientists understand complex genetic and environmental
interactions. Gene editing is expected to remain at the forefront of future agricultural innovation
because it can target specific traits without introducing large amounts of foreign DNA. Future
progress will also depend on the integration of biotechnology with climate smart agriculture.
Crops that combine drought tolerance, nutrient efficiency, pest resistance, and improved
nutritional quality will be increasingly important as the global climate becomes more
unpredictable. Ethical oversight and public engagement will be essential to ensure that
biotechnology is used responsibly and benefits society broadly.

Conclusion

Biotechnology has a profound role in agriculture by improving crop yield, quality,
resilience, and sustainability. It provides tools to address some of the most urgent challenges
in food production, including climate stress, nutrient deficiency, pest damage, and declining
natural resources. With responsible regulation, continued research, and equitable
implementation, biotechnology can remain a major driver of agricultural development and
global food security
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