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Indian Agriculture: From Production to Sustainability 

Since the Green Revolution of the 1960s, Indian agriculture has undergone a remarkable 

transformation, evolving from a food-deficit system dependent on imports to one of the world's 

largest food-producing economies. This transition has been primarily driven by the widespread 

adoption of high-yielding crop varieties, intensive use of chemical fertilizers and pesticides, 

expansion of irrigation infrastructure, and improved agronomic practices. These technological 

advancements have substantially enhanced agricultural productivity and played a pivotal role in 

ensuring national food security. 

The intensification of agricultural production, however, has also led to a growing dependence on 

external chemical inputs. India is currently the world's second-largest consumer of fertilizers, 

with total fertilizer consumption reaching approximately 64.84 million tonnes during 2023–24, 

while nutrient (NPK) consumption was about 30.64 million tonnes. Urea alone accounted for 

nearly 35.78 million tonnes, underscoring the predominance of nitrogen-based fertilization in 

Indian agriculture. Although these inputs have contributed significantly to higher crop yields, 

their excessive and imbalanced use has resulted in declining fertilizer-use efficiency and adverse 

impacts on soil and environmental quality. Evidence from the Soil Health Card Scheme indicates 

that nearly 64% of Indian soils are deficient in nitrogen, 48.5% in organic carbon, 41% in 

sulphur, and 36.5% in zinc, highlighting widespread nutrient depletion and deterioration of soil 

health. Moreover, despite increasing fertilizer application, nutrient-use efficiency has steadily 

declined, with the incremental yield obtained per unit of fertilizer being considerably lower than 

in previous decades. This trend reflects diminishing returns from conventional input-intensive 

agricultural practices. 

In addition to declining soil fertility, intensive agricultural practices have contributed to 

groundwater contamination through nitrate leaching, loss of soil biodiversity, increased 

greenhouse gas emissions, depletion of natural resources, and rising cultivation costs. These 

interconnected challenges threaten the long-term productivity, profitability, and resilience of 

agricultural systems. Consequently, the focus of agricultural development is shifting from 

maximizing production alone to promoting sustainable agriculture, an approach that seeks to 

balance productivity with environmental stewardship, efficient resource use, climate resilience, 

and improved farmers' livelihoods. This paradigm emphasizes the conservation of natural 

resources while ensuring food and nutritional security for present and future generations, making 

sustainability the cornerstone of India's agricultural transformation. 

 

 



What is Sustainable Agriculture? 

Sustainable agriculture is a farming system that meets present and future food demands while 

conserving natural resources. Its objectives extend beyond maximizing crop yields to include: 

 Conservation of soil health 

 Efficient utilization of water resources 

 Reduction of environmental pollution 

 Protection of biodiversity 

 Climate-resilient agricultural production 

 Sustainable enhancement of farmers' income 

Sustainable agriculture integrates several scientific approaches, including: 

 Integrated Nutrient Management (INM) 

 Integrated Pest Management (IPM) 

 Conservation/regenerative Agriculture 

 Organic and Natural Farming 

 Crop Diversification/Agroforestry systems 

 Integrated Farming system 

 Crop Rotation 

 Rain  water harvesting/Micro-irrigation and precision water management 

 Farm mechanization for drudgery reduction  

Bihar: An Emerging Model of Sustainable Agriculture 

Nearly 76% of Bihar's population depends on agriculture for their livelihood. The state's 

fertile alluvial soils have historically supported high agricultural productivity. However, 

excessive and imbalanced use of chemical fertilizers, particularly urea, over the past few decades 

has resulted in nutrient deficiencies, depletion of beneficial soil microorganisms, reduced soil 

organic carbon, and declining fertilizer-use efficiency. Earlier, one kilogram of fertilizer could 

produce nearly 15 kg of food grain, whereas today the response has fallen to approximately 4.5 

kg. 

In recent years, Bihar has successfully promoted several sustainable agricultural interventions, 

including the Organic Corridor Programme, Integrated Nutrient Management, green manuring, 

vermicomposting, crop residue management, crop rotation, conservation agriculture and climate 

resilient agriculture. These initiatives have yielded encouraging results and positioned Bihar as 

an emerging model for sustainable farming. 



Comparative Status of Agricultural Practices in Bihar 

Indicator Excessive Chemical 

Farming 

Organic, Natural and Integrated 

Management 

Soil Organic 

Carbon 

Less than 0.35% Improved to 0.50–0.75% through organic 

amendments 

Fertilizer Use 

Ratio (N:P:K) 

Highly imbalanced (20:5:1) Balanced nutrient application with 50–70% 

reduction in chemical fertilizer dependence 

or without fertilizer 

Groundwater Declining quality due to 

arsenic and nitrate 

contamination 

Improved water retention and 35–40% 

irrigation water savings 

Human Health Higher risk of chemical 

residues and arsenic 

contamination 

Safe, nutritious, residue-free food from 

Organic Corridor farms 

 

Case Study 1: Environmental Consequences of Intensive Chemical Farming in Bihar 

Districts such as Nalanda, Begusarai, Samastipur, and Bhojpur have experienced intensive 

farming with excessive application of urea and DAP without soil testing. Continuous nutrient 

imbalance has gradually degraded the productive capacity of Bihar's fertile alluvial soils. 

Soil, Water and Environmental Impacts 

 More than 60% of agricultural soils have soil organic carbon levels below 0.30%, 

significantly lower than the desirable minimum of 0.50%. 

 Excessive fertilizer use combined with over-extraction of groundwater has aggravated 

arsenic contamination in groundwater across 18 districts. 

 Nitrate concentrations in groundwater have reached 80–120 mg/L, well above the safe 

drinking water limit of 45 mg/L. 

Effects on Crops and Human Health 

 Vegetables and cereals grown in floodplain regions have shown traces of arsenic and 

cadmium. 

 Long-term exposure to contaminated food and drinking water has been associated with 

skin disorders, liver diseases, developmental disorders in children, and increased cancer 

risk. 

 

 



Case Study 2: Success of Bihar's Organic Corridor and Integrated Nutrient Management 

The Government of Bihar established the Organic Corridor across 13 districts along the Ganga 

River, encouraging farmers to adopt organic farming, natural farming, and Integrated Nutrient 

Management through certification and technical support. 

Improvements in Soil, Water and Environment 

 Soil organic carbon increased from 0.32% to 0.68% within three years through the 

application of vermicompost, green manure, and Jeevamrit. 

 Farmers adopting 50% chemical fertilizers combined with 50% organic manures 

achieved 15–20% higher crop yields along with improved soil porosity. 

 Improved soil water-holding capacity reduced irrigation requirements in rice from 6–7 

irrigations to only 4 irrigations. 

Benefits for Crop Quality and Human Health 

 Organic Corridor products such as Katarni rice, Zardalu mango, and vegetables contained 

approximately 18% higher zinc and iron concentrations and were free from harmful 

chemical residues. 

 Organic certification enabled farmers to receive 20–30% higher market prices, while 

household healthcare expenditures declined substantially. 

Scientific Comparison of Farming Systems 

Parameter Conventional (Chemical) 

Farming 

Sustainable Integrated Farming 

Soil 

Microorganisms 

Beneficial microbes decline Rich microbial population restored 

Disease Resistance Greater pest incidence Improved crop resilience 

Cost of Cultivation High input costs Lower production costs and higher 

profitability 

Environmental 

Impact 

Higher greenhouse gas emissions 

and water pollution 

Carbon sequestration and improved 

environmental quality 

Food Quality Lower shelf life and quality Better nutritional value, taste, and 

shelf life 

Way Forward for Bihar 

Considering Bihar's high population density and the need to ensure food security, a complete 

transition to zero-chemical farming may not be immediately feasible. A scientifically balanced 

approach based on Integrated Nutrient Management (INM) offers a practical and sustainable 

solution. 



Farmers should: 

1. Apply fertilizers only after soil testing and follow balanced nutrient recommendations. 

2. Promote the use of neem-coated urea, nano fertilizers, fertigation, and drip irrigation to 

improve nutrient-use efficiency. 

3. Incorporate green manure crops such as dhaincha and moong before rice transplanting 

and encourage Azolla for biological nitrogen fixation. 

4. Integrate vermicompost and biofertilizers such as Trichoderma with chemical fertilizers. 

5. Practice crop rotation and crop diversification. 

6. Incorporate crop residues into the soil instead of burning them. 

7. Adopt mulching and soil conservation measures to reduce erosion and moisture loss. 

8. Follow the principles of the 4Rs of Nutrient Stewardship—Right Source, Right Rate, 

Right Time, and Right Method of fertilizer application. 

 

National Perspective 

Sustainable agriculture is not merely an alternative production system but the scientific 

foundation of future agriculture. For a populous country like India, scientifically managed 

integrated farming systems and integrated nutrient management offer a more practical, 

productive, and environmentally sustainable approach than an abrupt shift to completely 

chemical-free agriculture. 

Bihar's experience clearly demonstrates that Integrated Nutrient Management, conservation 

agriculture, organic resource recycling, crop diversification, and efficient water management can 

simultaneously improve soil health, water quality, environmental sustainability, and farmers' 

income. 

Adopting the principle of "Production with Conservation" at the national level will enable Indian 

agriculture to become more profitable, climate-resilient, resource-efficient, and sustainable for 

future generations. 

Authors:  Ashutosh Upadhyaya, Arti Kumari, Pawan Jeet and Anup Das 


