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Rebalancing India’s Fertilizer System
India, with over 1.4 billion people, has the largest population in the world (McKay, 2023). Feeding such a large population requires extensive agricultural production. Although India has achieved food self-sufficiency through major agricultural advances, the poorly regulated and heavily subsidized use of nitrogen-based fertilizers has created problems including soil degradation, water contamination, declining farm productivity, and financial strain on the government (Goyal, Kumar, & Bhatia, 2024; Sapkota & Bijay-Singh, 2025). While fertilizer use has helped increase food production in India, its current misuse is not sustainable in the long run.
Agriculture plays a major role in maintaining food security in India because approximately 63% of the population lives in rural areas and relies directly on agriculture for income and food production. Farmland occupies between 50% and 60% of India's total land area, demonstrating its central role in the nation's economy and food supply. India is also one of the world's largest agricultural producers, ranking first in the production of milk, pulses, and jute, and second in crops such as rice, wheat, and sugarcane (Deo Singh, n.d.). Despite India's vast agricultural sector, food insecurity remains a serious issue, with an estimated 200 million people experiencing malnutrition, which represents 14.3% of the population (McKay, 2023). 
Maintaining food security depends not only on producing enough food today, but also on protecting the agricultural resources needed for future production. Agricultural soils require a balanced ratio of nitrogen, phosphorus, and potassium nutrients, but India's fertilizer use has become heavily skewed toward nitrogen (Vajirao Institute, 2025). This imbalance disrupts soil health and can reduce long-term crop productivity. India's nitrogen surplus averages about 89.1 kilograms per hectare each year, compared with about 63 kilograms per hectare in heavily farmed regions of the United States (Goyal, Kumar, & Bhatia, 2024). Excess nitrate is lost through runoff, leaching, and atmospheric emissions. This can contaminate surface and groundwater and contribute to algal blooms that reduce oxygen levels and threaten aquatic ecosystems (Goyal, Kumar, & Bhatia., 2024).
One major factor contributing to this overuse is the extremely low price of urea, a widely used nitrogen fertilizer. Urea is sold at less than 15% of its market price, and farmers typically pay about $3 per bag, while the actual cost is closer to $21 per bag (Vajirao Institute, 2025). Currently, the Department of Fertilizers covers the remaining cost, which is a significant financial burden for India’s government (Department of Fertilizers, 2026b).
This issue is deeper than an environmental problem. Although fertilizer use has played an important role in helping India achieve food security, continued overuse and imbalanced nitrogen application can degrade soil quality, reduce nutrient-use efficiency, and undermine long-term agricultural productivity (Sapkota & Bijay-Singh, 2025). If these trends continue, India could face increasing production costs and declining soil and water resources, threatening its ability to maintain food security in the future.
I recommend gradually reducing the subsidy on urea and integrating it into the Nutrient-Based Subsidy (NBS) system, rather than eliminating the subsidy all at once. The government could gradually liberalize urea pricing while increasing subsidies for phosphorus (P) and potassium (K) fertilizers. This approach would reduce the price imbalance that encourages farmers to favor urea while maintaining the affordability of P and K fertilizers for small and marginal farmers (Sapkota & Bijay-Singh, 2025). More broadly, it would shift the subsidy system away from simply making fertilizer cheap and toward making balanced and efficient fertilizer use more affordable.
This reform would not necessarily require India to find an entirely new source of funding. The Union Budget for 2026–27 allocates about $18 billion to the Department of Fertilizers to support affordable fertilizer supplies, demonstrating that substantial funding already exists within the current system (Department of Fertilizers, 2026a). Rather than eliminating this support, a portion of existing fertilizer-subsidy spending could gradually be redirected toward P and K affordability, soil testing, farmer education, and incentives for balanced nutrient use. 
India already has a mechanism for redirecting fertilizer-subsidy savings through Promotion of Alternate Nutrients for Agriculture Management (PM-PRANAM), a government program that incentivizes states and union territories to reduce chemical fertilizer use. The program provides states and union territories with an incentive equal to 50% of the fertilizer subsidy savings generated when chemical fertilizer consumption decreases compared with the previous three-year average (Department of Fertilizers, 2026a). This existing infrastructure could be expanded to support a reformed subsidy system. In the first year, the government could pilot the reform in a limited number of states, gradually adjusting urea prices while providing farmers with soil testing, extension services, and support for P and K fertilizers. The pilot could then be evaluated based on fertilizer use, crop yields, farmer income, and environmental outcomes before being expanded nationally.
India possesses several advantages that could further support this effort. The country has a large agricultural research network, experienced farmers, and existing government programs focused on sustainable agriculture. For example, the Soil Health & Fertility Scheme has already distributed more than 250 million Soil Health Cards and established thousands of soil-testing laboratories across the country. As of February 2025, the government had released approximately $200 million to states and union territories to implement the Soil Health & Fertility Scheme (Ministry of Agriculture & Farmers Welfare, 2025a). This program works through existing agricultural support and outreach channels, including Agricultural Technology Management Agencies, Krishi Vigyan Kendras, and Krishi Sakhis, to help farmers understand and apply soil-test recommendations (Ministry of Agriculture & Farmers Welfare, 2025b). Building on these existing systems would allow India to implement the reform gradually without creating an entirely new administrative structure.
Punjab would be an appropriate location for an initial pilot because its intensive rice-wheat production system makes it particularly relevant to fertilizer overuse. The state is one of India’s major agricultural regions, and farmers have strong economic incentives to maintain high yields while managing limited land and tight profit margins. Punjab also demonstrates the environmental consequences of intensive agricultural practices. According to the Central Ground Water Board, 12.8% of groundwater samples collected across the state exceeded India’s 45 mg/L drinking-water limit for nitrate, with concentrations reaching as high as 781 mg/L. The report identifies excessive fertilizer application as one potential source of nitrate contamination, particularly in southern and southwestern Punjab (Central Ground Water Board, 2024). These problems are also recognized by farmers themselves. A 2025 survey of 500 Punjab farmers found strong perceptions of declining groundwater levels across the state, with farmers already adopting measures such as improved irrigation practices and shorter-duration crop varieties to cope with water scarcity (Kaur & Rampal, 2025). A pilot could gradually adjust the price incentives surrounding urea while increasing support for phosphorus and potassium fertilizers and soil testing. Researchers and agricultural extension agencies could then measure changes in nitrogen use, crop yields, farm income, and soil and water quality.
A Punjab pilot would also reveal how changes to fertilizer incentives affect different stakeholder groups. Farmers would face changes in fertilizer costs and may initially resist changing practices that have reliably supported high crop yields. Cultural factors may also influence adoption, as farming practices are often shaped by long-standing traditions and knowledge passed down through generations. However, greater support for soil testing and nutrient management could help farmers adjust to the new incentives over time. The government would need to invest in implementation and farmer support but could reduce inefficient subsidy spending and redirect some resources toward agricultural programs. Consumers could face higher food prices if production costs rise or yields decline, although protecting soil health and agricultural productivity could help maintain food security and stable food prices in the long term. Agricultural organizations, universities, and extension services would take on a greater role in supporting farmers and monitoring the reform. Finally, communities and the environment would benefit from reduced nitrogen losses, improved soil health, and less contamination of surrounding water systems. Some farmers and fertilizer producers could lose financial benefits created by the current subsidy system, but the reform could produce broader long-term benefits for India's agricultural system.
China provides a useful example of how government support for more precise fertilizer management can improve agricultural efficiency without reducing productivity. From 2005 to 2010, China funded a national Soil-Testing and Fertilizer Recommendation Program that provided farmers with soil testing and fertilizer recommendations. The program reached about two-thirds of Chinese farmers, and participating farms experienced a 10% increase in crop yields while fertilizer-use efficiency increased from 30% to 38% (Cui et al., 2020). India could apply a similar approach by using its existing soil-testing infrastructure to help farmers adjust to changes in fertilizer prices. However, India's reform would need to address a different economic problem: the unusually large price gap between subsidized urea and other fertilizers. Therefore, India could combine China's emphasis on soil-based fertilizer recommendations with gradual changes to fertilizer subsidies, helping farmers reduce unnecessary nitrogen use without sacrificing productivity.
India's fertilizer subsidy system helped transform the country into a major agricultural producer and remains important for protecting farmers and food production. However, making urea disproportionately cheap has created incentives for excessive nitrogen use that threaten soil health, water quality, government resources, and long-term food security. Rather than eliminating fertilizer support, India should redesign it to encourage balanced nutrient use while protecting farmers from sudden increases in production costs. By gradually reforming urea subsidies, expanding the use of existing soil-testing and agricultural support systems, and evaluating the approach through pilot programs such as one in Punjab, India could move toward a more efficient fertilizer system without sacrificing agricultural productivity. This reform would not solve every challenge facing India's agricultural sector, as soil health, water quality, and food production are influenced by complex and interconnected environmental, economic, and social factors. However, addressing the incentives that encourage excessive fertilizer use would be an important step toward a more sustainable agricultural system. Ultimately, protecting India's ability to feed its growing population will depend not only on how much food it produces today, but on how well it protects the soil and water resources needed to produce food in the future.
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