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Abstract

Agriculture remains central to India’s economic stability, food security and rural livelihoods.
However, climate uncertainty, groundwater depletion, rising input costs, and land fragmentation
threaten the sustainability of traditional farming systems. Smart agriculture-particularly precision
farming-offers a transformative pathway by integrating digital technologies, real-time data
analytics, and scientific crop management. This paper examines the technological, economic,
environmental, and policy dimensions of precision agriculture in India. It argues that precision
farming enhances yield, conserves water, improves input efficiency, and strengthens farmer
income stability. Drawing on institutional evidence and field-level insights, including examples
from Sahyadri Farms and Jain Irrigation Systems Ltd., the study demonstrates measurable gains
in productivity and sustainability. A simplified mathematical model is introduced to quantify yield
improvement, water productivity and profitability under conservative assumptions derived from
the Indian Council of Agricultural Research and the Food and Agriculture Organization. The
findings indicate that precision farming nearly doubles farm income per hectare while substantially
reducing water consumption. The paper concludes that smart agriculture, if supported by inclusive
policies and institutional innovation, can become a cornerstone of long-term food security and
sustainable rural development in India.
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Introduction:

1) The Global Food Challenge:

Hunger's grip on humanity shows no sign of loosening this century. By 2050 the planet will need
to produce seventy percent more food - just to keep pace with nine point seven billion mouths. Yet
growing that food gets harder each year. Land suitable for crops keeps vanishing. Water supplies
are drying up faster than expected. Weather swings make planting seasons unpredictable. Old-
school factory-style farms have left scars behind. Topsoil gone - one third lost worldwide.
Chemicals washing into rivers after every heavy rain.

2) The Indian Context Smallholder Farming:

Most farms in India belong to small holders. About 86 percent work plots smaller than two
hectares. One hectare and a bit more now marks the typical size-down over time. Machines meant
for big fields struggle here because space limits payback. Shrinking plots make heavy equipment
hard to justify.
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Still India managed a food output of 357.73 million tonnes in 2024-25 - up nearly one-tenth from
before-showing what tools can do. Come early 2026, its precise farming sector hit around $334.2
million, fuelled not by ownership but access; farmers began leasing gear such as drones for
spraying fields at about ¥300-500 per acre. Though small, these shifts point toward new ways of
working the land.

Key Technologies in Precision Agriculture:

The technological infrastructure of smart agriculture is multifaceted, comprising hardware,
software, and data analytics tools.

1) Internet of Things (loT) Sensors: 10T sensors are the eyes and ears of smart agriculture.

i) Soil Sensors: These measure soil moisture, temperature, pH levels, and nutrient content (NPK)
in real-time. According to ICAR (2021), sensor-based irrigation can reduce water usage by 30-
40% by ensuring water is applied only when the soil moisture dips below a critical threshold.

i) Weather Stations: Localized weather stations provide data on hyper-local weather conditions,
crucial for predicting pest outbreaks and determining the best time for harvesting or spraying.

2) Geographic Information Systems (GIS) and Remote Sensing: GIS technology enables the
mapping of spatial variability within fields.

i) Satellite Imagery: Satellite support from the Indian Space Research Organisation (ISRO) via
the Bhuvan portal enables crop mapping, yield forecasting, and drought assessment programs
under the Pradhan Mantri Fasal Bima Yojana (PMFBY). This data allows for the creation of
prescription maps for fertilizer application.

i) Aerial Imaging (Drones): Drones equipped with multispectral cameras can detect plant stress,
nutrient deficiencies and pest infestations faster than ground-based scouting.

3) Atrtificial Intelligence and Data Analytics: Al models analyze large datasets from sensors,
satellites, and historical records to recommend actionable insights.

i) Predictive Modelling: Al can forecast crop yields weeks or months in advance, allowing for
better market planning.

ii) Pest and Disease Management: Microsoft and ICAR have partnered to develop Al-based
sowing advisories that have shown a 10-30% increase in yields for groundnut farmers in Andhra
Pradesh by recommending the optimal planting date based on localized weather data (Microsoft
India, 2018).

4) Automation and Robotics:

i) Automated Irrigation: Systems that connect soil sensors to pumps, activating irrigation
automatically when needed.

i) Drones for Spraying: The Government of India’s ‘Drone Shakti’ (2022) initiative aims to
drastically reduce pesticide wastage by 20% through targeted spraying, reducing chemical
exposure to farmers and the environment.

ili) Robotic Harvesters: While still expensive, robots are being developed to harvest delicate
fruits and vegetables, addressing labor shortages.

Indian Context: Initiatives, Opportunities and Challenges:

1) Government Initiatives: India has increasingly embraced digital agriculture through
government and institutional programs aimed at modernizing the sector.

i) Digital Agriculture Mission (2021-2025): This mission focuses on creating a unified
‘Agristack’ of farmer data, integrating land records, crop data and farmer identity to enable
personalized services and digital credit.

www.ijamrsd.com | Journal of Advanced Multidisciplinary Research | [396]
Studies and Development



JAMRSD | Volume No.: 05, Special Issue No.: 02(A), 2026 | ISSN: 2583-6404

ii) Soil Health Cards: Al-driven analysis of soil data to provide customized fertilizer
recommendations, resulting in a 5-6% increase in productivity while reducing fertilizer costs by
8-10% since 2015.

iii) e-NAM (National Agriculture Market): A pan-India electronic trading portal that integrates
existing APMC markets to increase transparency and competitiveness in price discovery.

2) Opportunities:

i) Technological Infrastructure: Rapid smartphone penetration and cheap internet connectivity
enable digital advisory platforms to reach remote areas.

ii) Agri-tech Startup Ecosystem: India has one of the largest Agri-tech start up ecosystems in
the world, developing low-cost 10T solutions, Al diagnostics, and market linkage platforms
tailored for smallholders.

iii) Economic Impact: NITI Aayog (2018) indicates that Al and precision farming can increase
Indian farmers' income by 20% by optimizing input costs and enhancing productivity.

3) Challenges and Barriers to Adoption:

i) Fragmented Landholdings: With an average farm size of < 1.08 hectares, deploying large
machinery is difficult. This requires a shift towards ‘Service-based models’ (Uber-for-
tractors/drones).

ii) Digital Literacy: Low digital literacy in rural areas hinders the adoption of complex software
and diagnostic tools.

iii) High Initial Costs: The cost of IoT sensors, drones, and GPS-equipped tractors remains
prohibitive for individual smallholder farmers.

iv) Data Governance: Clear frameworks are needed to ensure farmer data privacy,
interoperability between different Agri-tech platforms, and equitable access to data analytics.

Case Study 1: Sahyadri Farms - The Power of FPOs:

Sahyadri Farms, located in Nashik, Maharashtra, is one of India's most successful Farmer Producer
Companies (FPOs), demonstrating how technology can be democratized through cooperative
efforts.

1) Interventions: Sahyadri adopted a ‘Data-Driven Farming’ model to manage the complexities
of grape and fruit cultivation for export markets.

i) Satellite Mapping & GIS: GIS data was used to determine the texture of the soil and water
requirements for each farm, creating tailored nutrient management plans.

i) 10T Sensors: Soil moisture sensors were installed to ensure drip irrigation was activated only
when necessary, saving immense amounts of water and preventing root rot.

iii) Mobile Application: Farmers received real-time updates on weather, pest control, and
fertilization schedules via a mobile application, enabling them to make informed decisions based
on expert advice.

iv) Traceability: QR codes on fruit packaging allowed European consumers to trace the product
back to the specific farmer and plot, ensuring food safety standards were met.

2) Results (2020-2025):

i) Productivity: Grape yields increased by 20-25% due to precise input management.

i) Resource Efficiency: Fertilization costs reduced by 15%, and water usage dropped by 40%,
significantly lowering production costs.

iif) Market Access: Sahyadri now exports to over 40 countries, including in Europe and Asia,
significantly increasing farmers' incomes and ensuring food security by minimizing post-harvest
losses.
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Case Study 2: Jain Irrigation - More Crop Per Drop:

Jain Irrigation Systems Ltd., headquartered in Jalgaon, Maharashtra, is a global leader in micro-
irrigation technologies, transforming water management in agriculture.

1) Interventions:

i) Precision Micro-Irrigation: Advanced drip systems that deliver water and dissolved
fertilizers (Fertigation) directly to the root zone, ensuring 95% efficiency compared to 40-50% for
flood irrigation.

ii) Tissue Culture: Production of high-quality, disease-free banana saplings designed to work
efficiently with precisionirrigation systems, ensuring uniform growth.

iii) Solar Pumping Systems: Implementing solar-powered pumps in remote areas, enhancing
reliability and reducing dependence on erratic grid power.

iv) Data-Driven Design: Using spatial data to design irrigation systems tailored to the specific
topography of each farm.

2) Results and Sustainability:

i) Productivity: Banana cultivation saw a 40-50% increase in yields compared to traditional
methods due to optimized nutrient and water delivery.

ii) Water Conservation: Achieved 50-60% water savings, aligning with the Indian government's
‘Atal Bhujal Yojana’ to replenish groundwater resources.

iii) Environmental Impact: Reduced nitrogen runoff by 15-20% and improved soil health by
minimizing erosion, aligning with World Bank (2023) findings on reducing the carbon footprint
of agriculture by optimizing chemical input use.

Socio-Economic and Environmental Implications:

1) Impact on Smallholders and Equity:

Precision agriculture can increase incomes through higher productivity and reduced input costs.
However, high upfront costs risk widening the digital divide, where wealthy farmers adopt
technology and poor farmers fall behind. FPOs like Sahyadri Farms demonstrate that institutional
support is crucial to making technology affordable for smallholders by aggregating demand and
sharing costs.

2) Gender Dimensions in Agri-Tech:

Digital platforms can empower women farmers by improving access to information, credit, and
markets. By reducing the physical labor required for input application (using drones or automated
systems) smart agriculture can increase women's participation in decision-making roles in farming.
3) Environmental Sustainability:

Precision farming promotes sustainable agriculture by : Minimizing Chemical Runoff : Targeted
application reduces the amount of fertilizers and pesticides reaching waterways.

4) Conserving Water:

Efficient irrigation is critical in water-stressed regions of India.

5) Reducing Greenhouse Gas Emissions: Optimized fertilizer application reduces the
production of nitrous oxide a potent greenhouse gas.

Future Prospects: The Next Generation of Agri-Tech:

The future of smart agriculture lies in the integration of multiple emerging technologies.

1) Blockchain for Traceability: Ensuring transparent supply chains from farm to fork,
enhancing food safety and trust.
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2) Autonomous Machinery: Small, solar-powered robots capable of weeding, spraying, and
harvesting without human intervention.
3) Digital Marketplaces: Linked directly to farm data, allowing farmers to sell produce based
on quality metrics mapped in the field.

Conclusion:

Smart agriculture and precision farming represent a paradigm shift in how food is produced and
managed. By leveraging data and technology, they offer a viable pathway to achieving sustainable
food security while addressing environmental and economic challenges. As demonstrated by the
case studies of Sahyadri Farms and Jain Irrigation, technology alone can not transform agriculture;
it must be combined with institutional support and farmer-centric design.
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