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he Green Revolution of the 1960s remains one of the most transformative episodes in 

India's agricultural history. Faced with chronic food shortages, low productivity, and a 

rapidly growing population, India embraced scientific agriculture through the adoption of 

high-yielding varieties, irrigation expansion, fertilizers, pesticides, and institutional support. 

The results were extraordinary. Within a few decades, the country transformed itself from a 

food-deficit nation dependent on imports into one of the world's leading agricultural 

producers. The Green Revolution not only ensured food security but also laid the foundation 

for rural economic growth and national development. 

 More than half a century later, agriculture faces a new set of challenges. Climate 

change, water scarcity, shrinking landholdings, rising input costs, labor shortages, and 

environmental degradation are threatening the sustainability of farming systems. 

Simultaneously, the global population is expected to reach nearly 9.7 billion by 2050, 

requiring food production to increase by approximately 50–70 percent. The challenge 

confronting agriculture today is therefore not simply producing more food but producing it 

sustainably, profitably, and resiliently. In response to these challenges, a new agricultural 

transformation is emerging. Unlike the first Green Revolution, which was driven primarily by 

improved seeds and external inputs, the emerging revolution is powered by artificial 

intelligence (AI), machine learning, precision agriculture, biotechnology, drones, sensors, and 

digital platforms. These technologies are reshaping agriculture by enabling farmers to make 

more informed decisions and use resources more efficiently. From an agricultural economics 

perspective, AI represents a shift from input-intensive growth to information-intensive 

growth, making it a potential foundation for Green Revolution 2.0. 

Information as the New Agricultural Input 
Economists traditionally identify land, labor, capital, and entrepreneurship as the primary 

factors of production. In the digital age, information is increasingly becoming a fifth factor of 

production. Artificial intelligence transforms vast amounts of agricultural data into actionable 

knowledge. Information collected through satellites, weather stations, soil sensors, drones, 

mobile applications, and market platforms can now be analyzed in real time to support 

decision-making at the farm level. This ability to convert data into useful recommendations is 

revolutionizing agriculture. Farmers can receive guidance on optimal sowing dates, irrigation 

schedules, fertilizer application, pest management, and marketing decisions. Instead of 

relying solely on experience or generalized recommendations, they can make decisions based 

on localized and real-time information. The economic significance of such information is 

enormous because agricultural productivity depends not only on resources but also on how 

effectively those resources are utilized. 

Precision Agriculture and Resource Efficiency 
One of the most promising applications of AI is precision agriculture. Traditional farming 

often treats an entire field uniformly despite considerable variation in soil fertility, moisture 
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levels, nutrient status, and pest incidence. Precision agriculture uses sensors, satellite 

imagery, drones, and machine learning algorithms to identify these variations and 

recommend site-specific interventions. Research suggests that precision agriculture 

technologies can increase crop yields by 20–30 percent while reducing fertilizer, pesticide, 

and water wastage by 40–60 percent. Such improvements are particularly important in 

developing countries where rising input costs are eroding farm profitability. 

 Water management illustrates the economic potential of AI. Conventional irrigation 

systems often lose a significant proportion of water through runoff and evaporation. AI-

powered smart irrigation systems use weather forecasts, soil moisture sensors, and crop 

growth models to determine the precise amount of water required by crops. Studies indicate 

that such systems can improve water-use efficiency by up to 60 percent. In countries like 

India, where groundwater depletion has become a serious concern, these gains represent both 

economic and environmental benefits. The importance of precision agriculture extends 

beyond productivity. By reducing unnecessary input use, AI lowers production costs, 

improves profitability, and minimizes environmental damage. This reflects a broader 

transition from maximizing input use to maximizing resource-use efficiency. 

Climate Change and Agricultural Resilience 
Climate change has emerged as one of the most significant threats to agriculture. Rising 

temperatures, erratic rainfall, droughts, floods, and pest outbreaks are increasing production 

risks across the globe. For many farmers, risk management is often more important than yield 

enhancement because a single climatic shock can wipe out an entire season's investment. 

Artificial intelligence serves as a powerful tool for managing these risks. Machine learning 

models can analyze weather patterns, forecast extreme events, predict pest outbreaks, and 

generate early warning alerts. Farmers can use this information to adjust sowing dates, 

irrigation schedules, crop choices, and pest management strategies. The economic benefits of 

risk reduction are substantial. By minimizing uncertainty, AI helps stabilize farm incomes 

and improve resilience. In vulnerable regions where climate change may significantly reduce 

agricultural productivity, AI-driven climate-smart agriculture can play a critical role in 

safeguarding livelihoods and ensuring food security. For agricultural economists, resilience is 

becoming as important as productivity. A farming system that consistently withstands 

climatic shocks contributes more to long-term economic stability than one that merely 

achieves high yields under favorable conditions. 

Transforming Agricultural Extension 
Agricultural extension services have traditionally played a vital role in disseminating 

knowledge and technologies to farmers. However, conventional extension systems often 

struggle to reach millions of farmers spread across diverse agro-climatic regions. Artificial 

intelligence is transforming agricultural extension by making personalized advisory services 

available through digital platforms. Mobile applications and AI-powered chatbots can 

provide farmers with information on crop management, disease diagnosis, weather forecasts, 

government schemes, and market opportunities. These tools are particularly valuable for 

smallholders who may have limited access to extension personnel. AI does not replace 

agricultural extension but enhances its effectiveness by enabling faster, more accurate, and 

more localized recommendations. The result is a more inclusive and knowledge-driven 

agricultural system. 

AI and Biotechnology: The Twin Engines of Innovation 
The next Green Revolution is unlikely to be driven by a single technology. Rather, it will 

emerge from the convergence of AI and biotechnology. The first Green Revolution was built 

on breakthroughs in plant breeding. Today, artificial intelligence is accelerating the breeding 

process itself. Machine learning algorithms can analyze massive genomic datasets and 

identify desirable traits such as drought tolerance, disease resistance, heat resilience, and 

improved nutritional quality. By accelerating crop improvement programs, AI can 
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significantly reduce the time required to develop climate-resilient varieties. Biotechnology 

and AI together have the potential to create a new generation of crops capable of thriving 

under increasingly challenging environmental conditions. This partnership is particularly 

important as climate change alters production environments and increases the frequency of 

extreme weather events. Future agricultural growth will depend not only on higher yields but 

also on the resilience of crops and farming systems. 

Inclusive Growth and Smallholder Farmers 
Despite its immense potential, AI also raises concerns regarding equity and accessibility. 

India has more than 150 million farmers, and over 86 percent of them operate small and 

marginal holdings of less than two hectares. These farmers often face constraints related to 

capital, infrastructure, connectivity, and digital literacy. If access to AI technologies remains 

concentrated among large commercial farms, existing inequalities could widen. Therefore, 

the success of Green Revolution 2.0 depends on ensuring that smallholders can benefit from 

digital innovations. Farmer Producer Organizations (FPOs), cooperatives, agricultural 

startups, custom hiring centers, and public digital infrastructure can play a crucial role in 

democratizing access to AI-based services. Mobile phones have already become powerful 

tools for delivering weather advisories, pest alerts, and market information to farmers. As 

digital infrastructure expands, AI-driven solutions can become increasingly accessible even 

to remote rural communities. Inclusive access to technology is not merely a social objective; 

it is an economic necessity. Since smallholders constitute the majority of farmers, broad-

based adoption is essential for achieving large-scale productivity gains. 

Data: The Foundation of Digital Agriculture 
Artificial intelligence depends fundamentally on data. While discussions often focus on 

algorithms and software, data infrastructure is arguably the most critical component of digital 

agriculture. India generates vast quantities of agricultural data through Soil Health Cards, 

weather stations, crop insurance programs, satellite monitoring systems, and digital 

agriculture initiatives. However, much of this data remains fragmented, inaccessible, or 

difficult to integrate. Experts increasingly argue that data limitations rather than technological 

limitations constitute the primary barrier to scaling AI in agriculture. Effective AI systems 

require accurate, timely, interoperable, and machine-readable data. Without such 

infrastructure, even the most sophisticated algorithms cannot provide reliable 

recommendations. Investments in agricultural data systems are therefore essential. Just as 

irrigation canals and research institutions supported the first Green Revolution, digital 

infrastructure and data ecosystems will underpin the next agricultural transformation. 

Environmental Sustainability and Green Growth 
The environmental consequences of intensive agriculture have become increasingly evident. 

Excessive fertilizer use, groundwater depletion, pesticide pollution, and greenhouse gas 

emissions threaten the sustainability of agricultural production. Artificial intelligence offers 

opportunities to address these challenges through more efficient resource management. 

Precision application of fertilizers, targeted pest control, optimized irrigation, and improved 

monitoring systems can reduce environmental impacts while maintaining or increasing 

productivity. This approach aligns closely with the concept of sustainable intensification, 

which seeks to increase agricultural output without expanding cultivated land or degrading 

natural resources. AI thus contributes not only to agricultural productivity but also to 

environmental conservation and climate mitigation. For policymakers, the integration of AI 

into agriculture represents an opportunity to align economic growth with sustainability 

objectives. The ability to produce more with fewer resources is central to achieving long-term 

food security and environmental resilience. 

Lessons from the First Green Revolution 
The success of the Green Revolution offers valuable lessons for the future. Technological 

innovation alone did not transform Indian agriculture. Success was made possible through 
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supportive institutions, public investment, research systems, extension networks, irrigation 

infrastructure, and policy interventions. The same principle applies to AI. Technology alone 

cannot transform agriculture. Its success depends on complementary investments in rural 

broadband connectivity, digital literacy, agricultural education, research and development, 

data governance, and public-private partnerships. Governments, research institutions, 

technology companies, startups, and farmer organizations must work together to create an 

enabling ecosystem for digital agriculture. Without such support, the benefits of AI may 

remain confined to isolated pilot projects rather than generating large-scale transformation. 

The Road Ahead 
Agriculture is entering a new era in which information is becoming as important as land, 

water, and labour. The future farm is likely to integrate AI-powered advisory systems, 

precision irrigation technologies, drones, climate-smart seeds, digital marketplaces, and 

advanced analytics. These innovations promise not only higher productivity but also greater 

resilience, profitability, and sustainability. The transition from input-intensive agriculture to 

knowledge-intensive agriculture represents one of the most significant structural changes in 

modern agricultural development. For agricultural economists, the significance of AI lies in 

its ability to enhance total factor productivity. Rather than increasing production through 

greater resource use, AI enables farmers to achieve more output from existing resources 

through better decision-making and improved efficiency. 

Conclusion 
The Green Revolution transformed Indian agriculture by increasing the productivity of land. 

Artificial intelligence has the potential to transform agriculture once again by increasing the 

productivity of information. The emerging Green Revolution 2.0 is characterized by 

precision, efficiency, sustainability, and resilience. Its success will be measured not only by 

higher yields but also by improved resource-use efficiency, reduced production risks, greater 

climate resilience, environmental sustainability, and enhanced farmer incomes. 

 The future of agriculture will depend increasingly on the intelligent use of 

information. If supported by strong institutions, robust digital infrastructure, inclusive 

policies, and effective governance, artificial intelligence can become the driving force behind 

a new era of agricultural development. Just as improved seeds powered the first Green 

Revolution, intelligent data and informed decisions may power the next. The challenge before 

policymakers and stakeholders is to ensure that this transformation benefits all farmers and 

contributes to a more sustainable and food-secure future. 
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