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Abstract: 
	Aims: To evaluate the multi-faceted role of Genetically Modified (GM) crops in addressing dual challenges of food security and hidden hunger in India. This paper examines the dual potential of GM technology to stabilize crop yields against escalating climate volatility and to address malnutrition through biofortification, specifically focusing on indigenous developments like GM Mustard (DMH-11) and Vitamin A-enriched Golden Rice.
Study design and Methodology: The approach demands a thorough analysis of current developments, such as recent trade discussions between the US and India and court rulings relating to agricultural patents. The study classifies barriers to adoption economic (corporate monopolies), cultural (natural vs. manufactured food), and administrative (regulatory transparency. The impact of these elements on small-scale farmers and consumer autonomy is the main importance of this "middle-out" investigative method.
Results and Discussion: The results show that although GM technology has great potential to increase caloric and nutritional production, prevalent distrust prevents its integration. Because corporate monopolies are seen as a threat to seed sovereignty, "Indian perception" is still cautious in 2026 (Beej Swaraj). The findings show that traditional food systems continue to be preferred by society over "engineered" substitutes. The report also finds a serious lack of faith in regulatory transparency, which is made worse by unclear, essential labeling and doubts about the supremacy of multinational patents over advances in the public sector.
Conclusions: Strong socioeconomic safeguards must be linked with biotechnology innovation to end hunger.  A "middle-out" approach that puts public-sector research and domestic innovations ahead of international patents is necessary to incorporate GM crops. In the end, protective consumer right through strict labeling and decentralized laws, safeguarding the rights of small-scale farmers, and closing the trust gap through regulatory transparency are all necessary to ensure national food security.
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1. Introduction
As India navigates the complexities of the 21st-century agrarian crisis, the role of Genetically Modified (GM) crops has emerged as a focal point in the discourse on national food security and the eradication of chronic hunger. While India achieved self-sufficiency in caloric production during the Green Revolution, "hidden hunger"—characterized by pervasive micronutrient deficiencies—remains a critical public health challenge. This paper examines the dual potential of GM technology to stabilize crop yields against escalating climate volatility and to address malnutrition through biofortification, specifically focusing on indigenous developments like GM Mustard (DMH-11) and Vitamin A-enriched Golden Rice.
Despite the technical promise, the "Indian perception" of GM technology is characterized by deep-seated skepticism rooted in socio-economic and ethical concerns. Through a qualitative analysis of current trends in 2026, including the recent India-US trade deliberations, this study identifies three primary barriers to societal acceptance: the fear of corporate monopolies over seed sovereignty (Beej Swaraj), the cultural preference for "natural" vs. "engineered" food systems, and a lack of trust in regulatory transparency. The findings suggest that for GM crops to effectively contribute to hunger eradication, a shift from "top-down" mandates to a "middle-out" approach is necessary. This includes prioritizing public-sector research over multinational patents and implementing rigorous, transparent labeling. Ultimately, the successful integration of GM crops into the Indian agricultural fabric depends on balancing biotechnological advancement with the socio-economic safeguards essential to protecting small-scale farmers and consumer autonomy.
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2. Data collection and sources: The data collection and literature synthesis for this research paper were conducted through a multi-dimensional approach, integrating secondary qualitative and quantitative sources to capture the evolving landscape of 2026. Primary scientific data regarding crop yields and biofortification were sourced from peer-reviewed journals and technical reports by the Indian Agricultural Research Institute (IARI) and the International Service for the Acquisition of Agri-biotech Applications (ISAAA). To analyze the "Indian perception" and societal acceptance, the study utilized public discourse analysis from the Supreme Court of India’s 2024–2025 split verdicts on GM Mustard, alongside policy briefs from farmer advocacy groups such as ASHA-Kisan Swaraj. Additionally, real-time economic data and trade implications were extracted from the Ministry of Commerce and Industry and the 2026 India-US Interim Trade Agreement documents. Global hunger statistics were cross-referenced with the 2025 Global Hunger Index (GHI) and Food and Agriculture Organization (FAO) databases to ensure a localized yet globally contextualized perspective on food security and biotechnological intervention.
3.Results and Discussion
Genetically Modified (GM) crops represent a transformative pillar in the global effort to eradicate chronic hunger, primarily by reinforcing the three core dimensions of food security: aggregate availability, nutritional density, and economic accessibility for the most vulnerable populations.
3.1. Enhancing Availability and Stability of yield in Global food: According to the literature, the technology of genetically modified (GM) has been mentioned as a major source of yield stability and increased food availability, especially under climatic and resource stress. According to the IARI Technical Bulletin (2024), DMH-11 (GM mustard), had a yield advantage of nearly 28% over domestic varieties of the nation check. This could help close the growing gap between the country's oilseed production and rising consumption. This is in line with the results of other countries in the world that GM crops have been shown to have major impacts on the reduction of yield variability because GM crops have been endowed with the ability to survive abiotic stresses (drought and salinity) and herbicides, insects, and herbs (J. L. Domingo, 2025; T. Qurbonov et al., 2025). On a global level, the same benefits are further supported in the document ISAAA Global Status Report (2025) that shows a decrease in pesticides use by 8.5% because of the use of biotechnology. This does not only reduce the production costs but also enhances soil health and safety of the farmers which is especially important to intensively cultivated areas like India. GM technology will contribute to the provision of nutritional security in addition to production. The FAO (2025) identifies biofortification, such as zinc-enriched wheat and pro-vitamin A rice, as one of the most cost-effective and justifiable ways to fight rural malnutrition (A. Purohit et al., 2026). 
In addition to productivity, GM technology will help in provision of nutritional security. Among the most cost-effective and sustainable measures to address rural malnutrition, the FAO (2025) singles out biofortification, like zinc-enriched wheat and pro-vitamin A rice. This is in addition to the overall GM crop contribution in enhancing food systems through incorporating both the quantitative and qualitative aspects of food security. The existing empirical research in developing countries also supports the claim that transgenic crops boost agricultural production, raise the income of farmers, and strengthen the farming system (R. M. Ikram et al., 2026; N. J. Kavhiza et al., 2022). In India, longitudinal measures of Bt cotton cultivation indicate a 15-20% decrease in household food insecurity, which was mainly caused by constant yields and a decrease in the use of chemical pesticides (P. B. Reddy, 2015; P. B. Reddy et al., 2013). This has increased stability allowing the small holder farmers to move out of subsistence farming to production of marketable surpluses, which has increased the livelihoods of the rural people and also access to food. In general, the synthesized national and global evidence points to the possibility of GM technology becoming the tool of reinforcing world food security through higher yield stability, decreased input reliance, and better economic and nutritional performance once it is combined with an effective evaluation of environmental risks and well-structured regulation (Domingo, 2025; Qurbonov et al., 2025).
3.2. Enhancing Food Quality and Resolving the Hidden Hunger: In addition to the greater caloric source, GM crops are transformative in enhancing nutritional value of food through the alleviation of hidden hunger which is a long-lasting insufficiency of vital micronutrients. Genetic and biotechnological interventions helped us to develop a strongest tool to fight this silent crisis of hidden hunger through bio fortification that improves the nutrient content of the staple crops (P. Sharma et al., 2017; H. Sen et al., 2024). In contrast to traditional methods, which are mostly aimed at yield, GM technology allows to enhance crops with essential nutrients (vitamin A, iron, zinc, etc.), and thus directly increase the quality of the diet of the most vulnerable groups (K. Margaret & S. Jordan, 2021; V. Tiwari et al., 2026). Well-known examples are Vitamin A-enriched Golden Rice and iron and zinc-enriched staple foods such as cassava, millets, and sweet potato, which are especially useful in the areas where the access to diversified diets is still low (A. Kazmi et al., 2026; S. Ranjan et al., 2026). The innovations will play an important role in reduction malnutrition and related health hazards, particularly in children and women living in the developing world (G. Chaudhary et al., 2025). Besides increasing the nutrient content, GM crops also increase food safety. The damage caused by pests on insect-resistant varieties is also lower and, therefore, leads to less fungal damage and the accumulation of toxic mycotoxins in food products (F. M. Wattoo et al., 2026). Such a two-fold advantage of greater nutrition and lessened adulteration improves the quality of food and health outcomes. Likewise, the new studies highlight the combination of new biotechnological tools and innovative sources of nutrients to maximize crop production along with the accumulation of trace elements (S. Tingey et al., 2026). All these results underline that GM-based biofortification is not only a scientific innovation but an essential intervention in terms of sustainable nutrition security and addressing the problem of hidden hunger in a global context.
3.3.Improving Economic Access and Prosperity of Farmers. Poverty is usually the root cause of hunger and not the lack of food as such and thus GM crops will help to ensure food security by improving the economic standing of the farming families. GM crops increase the profitability of farms significantly by saving on the use of expensive chemical inputs, especially through repetitive use of pesticides, and enhancing crop stability (Graham Brookes, 2022; A. Sharma and V. Sharma, 2022). The empirical studies carried out in various regions reveal constant increase of net returns and efficient utilization of resources through GM adoption, which enhances economic stability of the farmers (P. J. Jones et al., 2017). In comparison, research in developing countries focuses on the GM technology and its ability to reduce poverty. As an example, studies emphasize that GM crops are agents of rural development through the increased productivity and less susceptibility to agricultural risks that eventually boost livelihoods and sustainability consequences (R. J. Roberts & V. Naimy, 2023; Y. Dhia, 2025). Improved agriculture profits permit smallholder families to take advantage of in health care and education, expand their diets, and build financial reserves against market and climate shocks (S. A. Shanta et al., 2025; J. Gaffney et al., 2026). 
Nevertheless, there are substantial confines and contextual needs as well as seen through a comparative perspective. As GM crops can be more profitable than conventional systems, other approaches, including organic farming or expanded businesses (e.g. mushroom farming), also have the probable of income-increasing under certain socio-ecological conditions (S. K. Kumawat and A. Singh; J. A. Galano and A. R. Santos, 2024). This specifies that GM technology is to be considered as one of the conceivable ways to prosperity of farmers instead of a generalized growth. More notably, monetary advantages in GM crops are understood with fair access to seeds, promising policy frameworks and open regulatory atmospheres. Smallholders may be restricted by higher seed prices, intellectual property rights, and be rewarded by income advantages by depend on on corporate-controlled technologies (Sharma and Sharma, 2022; Dhia, 2025). In that mode, although the manuscript is usually in agreement with the positive income effect of GM crops, but it also highlights the need to have complete authority, government investment, and farmer-focused policies that would make sure that such benefits are disseminated fairly and in a sustainable way.
3.4 The Regulatory Paradox and the Judiciary: The legal process of GM crop governance in India is labelled as a complex overlap of legal uncertainty, intellectual property space, and jurisdictive involvement. The fundamental point in this discussion is the Supreme Court GM Mustard Split Verdict (2024) that exposed the underlying issue between technical invention and regulatory care. Justice B. V. Nagarathna, on the one hand, stressed that scientists should not be caught up by illogical fears because of the long-term biosafety assessment of regulatory bodies (12 years). By contrast, Justice Sanjay Karol highlighted the insignificance of the procedure, the lack of transparency in the biosafety information, and the risks to the ecology, specifically to the pollinators and native crop diversity. This court gap is a replication of a larger paradox in society in which institutional mistrust and governance loopholes tend to serve as the main challenge to scientific validation. 
Intellectual property (IP) systems to control GM seeds also add to the legal complexity. According to the authors like S. Bhardwaj and S. Sekhar (2024), patenting of GM crops suggests serious ethical and legal issues, specifically on the issue of corporate monopoly of genetic resources and inequity in access. Likewise, M. Kumar (2025) points out that WTO-TRIPS agreement has a major impact on Indian agriculture as it may enforce restrictions on the traditional rights of farmers such as seed saving and seed exchange, which is challenging the Indian seed sovereignty. The same concerns have been supported by A. Pandey and A. Mishra (2025), who emphasize that the change toward community-based agricultural systems to statutory intellectual property regimes poses a threat of sidelining the smallholder farmers as well as redefine the ownership of biological resources. This regulatory atmosphere has always been guided by judicial interventions. The Aruna Rodrigues v. Union of India case, which was long-standing, attracted the attention of biosafety issues early and a moratorium on GM field trials was recommended by a Technical Expert Committee in 2012. Most recently, the High Court of Rajasthan (2025) also interfered by prohibition the sale and importation of GM foods incomplete the adoption of extensive safety regulations under the Food Safety and Standards Act, as an indication of institutional risk-aversion. 
Together, the literature indicates a regulatory paradox in that although GM technology is being advocated as a means of increasing agricultural productivity and food security, its use is limited due to legal ambiguity, ethical controversy regarding patenting, and inconsistent judicial application. This highlights the dire necessity of consistent policy changes that would trade off innovation and transparency, protect the rights of farmers and would provide effective, science-based and publicly accountable regulatory systems in India.
3.5. Climate Change as the Final Catalyst
Global warming is not an improbable idea but a truth that is coming closer and closer and it is defining the agricultural system in the world. The most recent extreme incidences that pointedly reduced traditional wheat production were the heatwaves in North India in 2025–2026. This emphasizes the susceptibility of traditional crop varieties to high temperatures and climate unpredictability. In this respect, the literature is clearly moving towards the perspective that climate-smart genetically modified (GM) crops are no longer considered as being a luxury innovation, but rather as a necessity to be applied in agricultural adjustment. A significant amount of evidence shows the adaptive capacity of GM technology in reducing stresses caused by climate. 
The research displays that drought-resistant, heat-resistant, and salinity-resistant transgenic crops can significantly offset losses in yield in undesirable conditions (A. Raza et al., 2019; M. Tayyab et al., 2026). Likewise, A. Das et al. (2023) state that GM crop technology is especially essential to the regions of drylands and semi-arid areas because climate variability poses a direct threat to food production systems in these regions. These conclusions are supported by Y. E. Arvas (2025), who presents GM crops as the part of climate-smart agriculture, which increases its productivity and environmental safety. Relative to this, although the potential of technology is generally recognized, other scholars are more conservative and situational. According to M. A. Schnurr et al. (2022), GM crops are not the most effective tool to help smallholder farmers to adapt to the climate because accessibility, local aptitude, and socio-economic factors are essential. Similarly, K. Ngongolo and G. S. Mmbando (2025) emphasize that although GM crops have a positive effect on resilience, their ecological effects and the sustainability of agro-ecosystems need to be evaluated cautiously in particular agro-ecosystems. 
On the technological front, new technological improvements in biotechnology are enhancing the creation of next-generation transgenic crops that can resist various stressors at the same time, which makes agriculture more resilient (G. Rusmayadi, 2024). This is in line with the general idea of a resilience revolution in agriculture, where genetic innovation combined with sustainable agriculture is in the center of dealing with climate extremes (R. Mittler et al., 2025). Under the Indian policy scenario, the Ministry of Commerce (2026) is an indication of a slow change in the attitude towards GM-derived imports as a measure to stabilize food prices amid climate pressures. The only problem is that this leads to one strategic issue, which is that as long as domestic GM innovation and approvals are held back, India will simply grow more reliant on imported GM technologies, and both its food security and technological sovereignty may be undermined. Generally, the comparison analysis indicates that there is a high agreement on the fact that GM crops are essential in climate change adaptation especially in areas characterized by stress. However, they can only succeed by incorporating the technological innovation and fair access, environmental protection, and progressive policy framework to achieve resilience and sustainability in the warming world.
Conclusions: This paper exemplifies that GM crops are taking a central, but a debatable, stage in the quest to achieve food security in the world and in the nation. The evidence produced in the agronomic, nutritional, economic, legal and environmental aspects confirms that GM technology leads to a great deal of yield stability, lessening crop losses, and greater productiveness of the farm in climatic and resource stress conditions. Insect resistance, herbicide tolerance and abiotic stress resiliency are some of the traits that allow the crops to work more dependably especially in areas where the arable land is dwindling and population pressure is mounting. There is further experimental evidence on the subject of GM adoption in India and other developing countries that GM adoption leads to increased farm income, lower input prices, and increased livelihood security, enabling smallholder farmers to shift their mode of production to market-oriented farming. 
In addition to the quantitative benefits, GM crops have the qualitative aspect of food security as GM crops can be biofortified, which provides solutions to the hidden hunger at a low cost. Crops that are enriched with nutrients like vitamin A rice and those that are fortified with zinc like wheat are an indication of how biotechnology can help in solving the problem of micronutrient deficiencies on large scale as well as enhancing food safety by lowering the occurrence of mycotoxins. Against this background of escalating climate change, GM crops can be considered as important resources of adaptation, as they will help agricultural systems to endure heatwaves and droughts among other severe phenomena. This makes them not only technological innovations but also necessary elements of climate-resilient agriculture. Nevertheless, the analysis also shows that there is a continuous judicial and regulatory paradox, especially in India. The discourse remains uncertain because of legal uncertainties and ethical issues related to patenting as well as conflict between innovation and precaution. The biosafety, the protection of the rights of farmers and the sovereignty of their seeds as well as the scientific progress are the aspects of the discussion that the judicial interventions and intellectual property regimes are concerned with. The advantage of GM crops will be misrepresented without fair access to technology and effective regulatory systems. To sum up, GM technology is a strong, multipurpose path to a stronger food security, better nutrition, and greater prosperity of farmers in the climate uncertain era. However, its success in the long run lies in inclusive governance, regulation that is science based, and long-term investment on research and development by the masses. The central ground is needed between the innovation and the ethical, legal, and ecological protection, which means that GM crops are to play a productive and fair role in the sustainable agricultural future.
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