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ndia's economy and culture have historically been based on agriculture, but conventional 

farming practices are unable to keep up with contemporary issues like labor shortages, 

climate variability, growing input costs, and the need for higher yields. Robotics offers 

transformative solutions by enhancing precision, efficiency, and sustainability in farming. AI-

powered harvesting, targeted pest control, precision planting, crop and soil monitoring, and 

automated post-harvest handling are some examples of applications. Locally customized 

methods are demonstrated by Indian innovations like ICAR's adaptive robotic systems, 

AgNext's AI quality assessment tools, and TartanSense's precision sprayers. Higher yields, 

lower expenses, time savings, and environmental protection are among the advantages for 

farmers. But there are still issues like a large upfront cost, the need for technical expertise, 

poor connectivity, and cultural acceptance. Robotics can empower farmers and ensure food 

security with the help of training, strategic policy support, and reasonably priced 

technologies. 

Introduction 
India has always been a land of farmers, where agriculture is not just an occupation but a way 

of life. For generations, farmers have relied on manual labour, animal power, and traditional 

methods to feed the nation. While these practices carry the wisdom of centuries, they often 

struggle to meet the demands of the 21st century—rising population, climate uncertainty, and 

a shortage of agricultural labour (Shamshiri et al., 2018; FAO, 2021). Studies by Gebbers et 

al. (2010) and Bechar et al. (2016) highlight that modern agriculture must integrate 

technological solutions such as automation, data-driven decision-making, and robotics to 

ensure long-term productivity and sustainability in the face of these challenges.In recent 

years, however, a quiet revolution has begun. From autonomous tractors that navigate fields 

on their own to drones that spray fertilisers with pinpoint accuracy, robotics is entering Indian 

agriculture. This is not about replacing farmers, but rather augmenting their capabilities—

helping them produce more, use fewer resources, and work more sustainably (Shamshiri et 

al., 2018). 

Why Robotics in Farming? 
India’s farmers face several pressing challenges: 

Labour Shortages – Many rural youth are migrating to urban areas in search of better 

opportunities, leaving fewer hands available for farm work. This shortage increases labour 

costs and slows down time-sensitive farming operations (Bechar et al., 2016). 

Unpredictable Climate – Irregular rainfall patterns, extreme heat, droughts, and floods make 

farming increasingly risky. Climate variability has been shown to directly impact yields and 

farm incomes (Gebbers et al., 2010). 
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Rising Input Costs – Seeds, fertilisers, and pesticides are becoming more expensive, putting 

financial strain on small and marginal farmers who already operate with limited capital 

(Bongiovanni et al., 2004). 

Pressure for Higher Yields – With a growing population, India must produce more food 

without degrading its soil and water resources. Sustainable intensification, supported by 

advanced technologies, is essential to achieve this balance (Pedersen et al., 2006). 

Where Robots Are Making a Difference 
Robots in agriculture can perform fieldwork, monitoring, and post-harvest processing more 

precisely than human labour alone. 

Precision Planting and Seeding: GPS-guided autonomous seeders ensure seeds are planted 

at the correct depth and spacing, improving germination and reducing seed wastage (Pedersen 

et al., 2006).                   

Weed and Pest Control: Robotic sprayers and drones can target weeds individually instead 

of spraying entire fields, cutting chemical use by up to 90% (Slaughter et al., 2008).                                        

Harvesting and Sorting: Fruit-picking robots use AI-powered vision systems to detect 

ripeness, gently pluck fruits, and sort them by size and quality—important for export markets 

(Lehnert et al., 2017). 

Soil and Crop Monitoring: Autonomous ground robots, equipped with sensors, collect data 

on moisture, pH, and plant health. This allows farmers to make data-driven decisions 

(Shamshiri et al., 2018). 

Post-Harvest Handling: Automated packing lines sort, grade, and package produce faster 

than humans, reducing spoilage and getting products to market quickly (Li et al., 2011). 

Indian Innovations 
AgNext leverages artificial intelligence and high-resolution imaging to instantly assess crop 

quality—an innovation that can speed up procurement processes and improve farmers’ access 

to premium markets (AgNext, 2022). 

ICAR (Indian Council of Agricultural Research) is testing robotic weeders, autonomous 

transplanters, and drone-based spraying systems adapted to India’s diverse terrains and 

cropping systems (ICAR, 2022). 

MITRA (Machines, Information, Technology, Resources for Agriculture), a Pune-based 

company, has introduced automated sprayers for orchards, improving coverage efficiency 

while reducing operator exposure to chemicals (MITRA, 2021). 

Fasal is developing IoT-driven crop monitoring platforms that work alongside robotics to 

provide predictive insights, helping farmers decide when to irrigate, fertilise, or harvest 

(Fasal, 2022) 

Bringi (TartanSense) – A small, AI-powered weeding robot that uses computer vision to 

identify weeds and remove them with precision tools (Rai et al., 2023). It helps cut herbicide 

use and lowers labour dependency. 

Agribot (IIT Kanpur) – A multi-functional robot 

capable of sowing, spraying, and weeding operations 

autonomously (Patel et al., 2022). It is especially 

useful for small and medium farms. 

Drone Sprayers – Developed by companies such as 

Garuda Aerospace and IoTechWorld Avigation, 

these drones can spray pesticides or fertilisers over 

large areas in minutes, reducing spraying time by over 

80% and minimising farmer exposure to chemicals 

(Yadav et al., 2023). 

E-Farmer (ICAR–CIAE) – A semi-autonomous farm 

vehicle equipped with GPS guidance for ploughing, 

harrowing, and seed sowing (Sharma et al., 2023). It improves land preparation efficiency. 
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Automated Harvesters – Prototypes from companies like Mahindra and Swaraj are 

designed to harvest crops such as wheat and rice with minimal manual intervention (Verma et 

al., 2023). 

Robotic Greenhouse Systems – Start-ups like Fasal and Agribotix India use automated 

monitoring systems for polyhouses, controlling irrigation, temperature, and humidity for 

maximum yield (Mishra et al., 2024). 

Benefits for Farmers 
Robotics can transform farming in multiple ways: 

Higher Yields – Precision agriculture increases productivity by applying the right input at 

the right place and time (Bongiovanni & Lowenberg-DeBoer, 2004). 

Cost Savings – Reduced labour requirements and optimised fertiliser/pesticide use lower 

expenses. 

Time Efficiency – Robots work faster and for longer hours than human labour. 

Sustainability – Targeted farming protects soil fertility, reduces runoff pollution, and saves 

water (Gebbers & Adamchuk, 2010). 

Challenges to Overcome 
Despite its promise, robotic farming in India faces obstacles: 

High Initial Costs – Advanced machines are expensive for small farmers without subsidies.                                                                                                                                          

Technical Skills – Farmers need training to operate and maintain these systems.          

Connectivity Issues – Many rural areas lack strong internet, which some robots require for 

updates and GPS mapping.  

Cultural Acceptance – Some farmers still trust manual observation over machine 

recommendations (Shamshiri et al., 2018). 

Conclusion  
Robotics in Indian agriculture is no longer a distant dream—it is already taking root in fields, 

orchards, and greenhouses across the country. By combining mechanical efficiency with 

artificial intelligence, these machines are helping farmers tackle labour shortages, adapt to 

climate uncertainties, and optimise resource use (Shamshiri et al., 2018; FAO, 2021).While 

challenges remain—such as high initial costs, lack of technical training, and the need for 

better rural infrastructure—India’s unique approach of developing affordable, locally relevant 

solutions shows great promise (Bechar et al., 2016). If supported by government policies, 

farmer education programs, and public–private partnerships, agricultural robotics could play 

a pivotal role in ensuring food security, improving farm incomes, and promoting sustainable 

farming practices (Gebbers et al., 2010).Ultimately, the future of Indian farming will not 

replace farmers—it will empower them. In the years ahead, the sight of a farmer walking 

alongside a robot in a paddy field may become as common as the bullock cart once was, 

symbolising a new chapter where tradition and technology thrive together. 
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