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Introduction 
Agriculture is the backbone of human civilization. With a rapidly growing global population 

projected to exceed 9.7 billion by 2050, the challenge of producing enough food sustainably 

has never been greater. Traditional farming methods, though time-tested, are increasingly 

inadequate to meet modern demands due to limited arable land, water scarcity, climate 

change, and rising input costs. This is where Precision Farming — also known as Precision 

Agriculture — emerges as a transformative solution. 

Meaning of Precision Farming 

Precision farming is a modern, technology-driven approach to farm management that 

involves observing, measuring, and responding to inter- and intra-field variability in crops. 

Unlike conventional farming, which applies uniform management across an entire field, 

precision farming adopts a site-specific approach — treating different areas of a field 

differently, based on real-time data and analysis. 

Need for Modern Technologies in Agriculture 

India, with over 54.6% of its total workforce engaged in agriculture (Census 2011), 

contributing 18.4% of the national GVA in 2022–23, faces unique challenges including small 

and fragmented landholdings, erratic monsoons, soil degradation, and water stress. The 

integration of modern technologies into agriculture is no longer optional — it is imperative. 

Importance for Sustainable Crop Production 

Precision farming enables resource optimization — using only what is needed, where it is 

needed, and when it is needed. Research shows that precision agriculture can improve crop 

yields by 20–30% while simultaneously reducing input waste by 40–60%, making it a 

cornerstone of sustainable agriculture development. 

Concept of Precision Farming 
Definition and Basic Principles 

Precision farming is defined as an integrated crop management system that attempts to match 

the kind and amount of inputs to the actual conditions existing in each small area of a field 

(National Research Council, 1997). The core principles are: 

• Right Input — applying the right type of input (fertilizer, water, pesticide) 

• Right Rate — using the correct quantity to avoid over- or under-application 

• Right Time — applying inputs at the optimal growth stage 

• Right Place — targeting specific locations within a field, not the entire area 
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Site-Specific Crop Management (SSCM) 

SSCM is the foundation of precision farming. It recognizes that soil properties, crop 

conditions, pest pressures, and moisture levels vary significantly even within a single field. 

By managing these variations specifically, farmers can achieve higher efficiency and output. 

Use of Data and Technology in Farming Decisions 

Modern precision farming relies heavily on data — collected via satellites, drones, sensors, 

and field surveys — processed through Geographic Information Systems (GIS) and Artificial 

Intelligence (AI) to generate actionable farm management decisions. This data-driven 

approach eliminates guesswork and brings scientific precision to everyday farming 

operations. 

Technologies Used in Precision Farming 
The following table summarizes the key technologies used in precision farming and their 

primary applications: 

Technology Key Components Primary Use Benefit 

GPS Satellites, Receivers 
Field mapping, 

Navigation 
Centimeter accuracy 

GIS 
Spatial database, 

Software 
Data analysis, Mapping Informed decisions 

Remote 

Sensing 
Satellites, NDVI Crop health monitoring 

Early pest/disease 

detection 

UAV/Drones Camera, Spray nozzles Surveillance, Spraying Saves 30% input costs 

IoT Sensors Soil, Weather sensors Real-time monitoring Optimized irrigation 

AI / ML Algorithms, Big Data 
Yield prediction, Pest 

ID 
Smart decision-making 

Global Positioning System (GPS) 

GPS is the backbone of precision agriculture. Using a constellation of satellites, GPS 

receivers on farm equipment can determine their precise location to within a few centimeters. 

This enables: 

• Accurate field mapping and boundary delineation 

• Guidance of tractors and machinery along predetermined paths (auto-steering) 

• Variable Rate Technology (VRT) — adjusting inputs based on GPS-referenced zone 

maps 

• Yield mapping — recording spatial variations in yield across the field 

Modern RTK-GPS (Real-Time Kinematic GPS) systems can achieve positioning accuracy of 

±2.5 cm, enabling operations such as precision row planting, mechanical weeding, and tile 

drainage installation. 

Geographic Information System (GIS) 

GIS is a spatial data management and analysis platform that allows farmers and agronomists 

to overlay multiple layers of information — soil type, topography, crop history, yield maps, 

and more — onto a single georeferenced map. Key uses include: 

• Soil variability mapping — identifying zones of high/low fertility, pH, moisture 

• Crop monitoring and historical yield analysis 

• Decision support for irrigation, fertilization, and crop rotation planning 

• Integration with remote sensing data for real-time field updates 

Remote Sensing 

Remote sensing involves the acquisition of information about an object or area from a 

distance — typically using satellite or airborne sensors. In agriculture, it is primarily used to: 

• Monitor crop health through Normalized Difference Vegetation Index (NDVI) 

• Detect early signs of nutrient deficiencies, water stress, or disease outbreaks 

• Map soil moisture, crop cover, and land use patterns 

• Provide timely advisories to farmers for corrective action 
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Satellites such as Sentinel-2 (ESA) and Landsat (NASA) provide multispectral imagery that 

can distinguish healthy from stressed vegetation long before visual symptoms are apparent. 

Drones (UAVs) in Agriculture 

Unmanned Aerial Vehicles (UAVs) or drones have rapidly become one of the most versatile 

tools in precision agriculture. They can: 

• Conduct high-resolution aerial surveys and crop surveillance 

• Spray fertilizers, pesticides, and herbicides with precision, reducing chemical use by 30–

40% 

• Detect localized pest infestations and disease hotspots through multispectral cameras 

• Assist in seed sowing and pollination in large or difficult-to-access fields 

The ICAR, along with six partner institutes, is undertaking the SENSAGRI project — 

developing indigenous drone-based crop and soil health monitoring systems for Indian 

conditions. 

Sensors and Internet of Things (IoT) 

IoT in agriculture refers to a network of interconnected sensors and devices that collect and 

transmit real-time data from the field. Key sensor types include: 

• Soil moisture sensors — enabling precision irrigation decisions 

• Soil nutrient sensors — real-time NPK (Nitrogen, Phosphorus, Potassium) analysis 

• Weather monitoring stations — on-farm microclimate data (temperature, humidity, 

rainfall) 

• Leaf wetness sensors — disease prediction models for fungal pathogens 

IoT platforms aggregate this data to cloud dashboards, which farmers can access via 

smartphones — even in Hindi and other regional languages, as demonstrated by ICARDA's 

iKrishi app in Madhya Pradesh. 

Artificial Intelligence and Machine Learning 

AI and ML are the analytical engines of precision agriculture. Their applications include: 

• Yield prediction — using historical yield maps, weather data, and soil profiles 

• Crop disease identification — image recognition models detecting diseases from 

drone/phone photos with >90% accuracy 

• Weed detection — differentiated spraying systems that target only weeds, saving 

herbicide costs 

• Decision support systems — recommending optimal planting dates, fertilizer schedules, 

and irrigation patterns 

Research published in IEEE Access (Sharma et al., 2020) demonstrated that ML algorithms 

significantly outperform traditional regression models in yield prediction accuracy across 

multiple crop types. 

Applications of Precision Farming 
Precision Irrigation 

Precision irrigation systems — including drip irrigation guided by soil moisture sensors and 

weather forecasts — can reduce water consumption by up to 40–50% compared to flood 

irrigation, while maintaining or improving crop yields. The Pradhan Mantri Krishi Sinchayee 

Yojana (PMKSY) in India actively promotes precision irrigation technology adoption. 

Precision Fertilizer Application 

Variable Rate Technology (VRT) combined with soil nutrient maps allows farmers to apply 

the right amount of fertilizer in the right zones. Studies reviewed in Frontiers in Agronomy 

(2025) confirm that precision fertilizer application enhances nutrient use efficiency and 

significantly reduces environmental footprint through reduced nitrate leaching and 

greenhouse gas emissions. 

Weed and Pest Management 

AI-powered imaging systems mounted on sprayers can distinguish crops from weeds in real 

time, enabling spot-spraying of herbicides only where weeds exist. Similarly, pheromone 

traps connected to IoT networks, combined with satellite NDVI data, enable early pest 

detection and targeted intervention — reducing pesticide use by 20–30%. 
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Crop Monitoring 

Satellite remote sensing and drone imagery together provide continuous, near-real-time 

monitoring of crop growth stages, canopy cover, and stress indicators across large areas — 

empowering farmers and extension workers with actionable intelligence during the growing 

season. 

Yield Mapping 

Combine harvesters equipped with GPS and yield sensors generate detailed yield maps as 

they harvest, recording variations across every square meter of the field. These maps are 

invaluable for diagnosing the causes of poor performance and improving management in 

subsequent seasons. 

Advantages and Challenges of Precision Farming 
Advantages Challenges 

Increased crop productivity (20–30%) High initial equipment investment 

Efficient use of water (saves up to 40%) Lack of farmer technical knowledge 

Reduced fertilizer waste (up to 60%) Poor rural internet connectivity 

Precise pest and disease management Small landholdings in India 

Environmental sustainability High equipment maintenance costs 

Improved farm income and profitability Data privacy and cybersecurity risks 

Precision Farming in India 
Present Status 

India's adoption of precision agriculture is growing, particularly in progressive farming states 

such as Punjab, Haryana, Maharashtra, Telangana, and Karnataka. Agriculture contributes 

18.4% to India's GVA (2022–23) and employs over half the workforce. Despite the vast 

potential, adoption remains limited primarily to larger and commercially-oriented farms. 

Government Initiatives and Schemes 

Initiative / Scheme Description 

ICAR Network Project on PA 
Established 22 Precision Farming Development 

Centres (PFDCs) across India 

PM-KISAN & Digital India 
Promotes agri-tech integration and digital literacy in 

rural India 

PMKSY (Pradhan Mantri Krishi 

Sinchayee Yojana) 
Focuses on water-use efficiency and smart irrigation 

NMSA (National Mission on 

Sustainable Agriculture) 
Soil health monitoring and climate-smart farming 

Smart Precision Horticulture 

Programme (2024–29) 

Covers 15,000 acres, expected to benefit 60,000 

farmers 

Digital Public Infrastructure (DPI) 

for Agriculture 

Provides farmers real-time data access and advisory 

services 

Rs 6,000 crore PA Budget 

(proposed) 

Earmarked for IoT, AI, drone-based precision farming 

expansion 

Adoption by Progressive Farmers 

Progressive farmers in Punjab and Haryana have adopted GPS-guided laser land leveling, 

saving 20–25% irrigation water. In Maharashtra and Karnataka, drip irrigation combined with 

fertigation (fertilizer through irrigation water) is widespread. Drone-based spraying 

companies like Garuda Aerospace and IoTechWorld Avigation are making aerial spraying 

commercially accessible to smallholders through cooperative and custom-hiring models. 

Future Potential in India 

India's digital infrastructure push, increasing smartphone penetration in rural areas, and 

strong government support position the country for significant growth in precision farming 

adoption. The proposed Rs 6,000 crore investment in precision farming and the Digital Public 
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Infrastructure (DPI) for agriculture are expected to catalyze a new era of smart Indian 

farming. 

Future Scope of Precision Farming 
Smart Agriculture 

The convergence of 5G connectivity, edge computing, and AI will enable truly autonomous 

precision farming systems — where sensors, robots, and cloud analytics work together with 

minimal human intervention to optimize every aspect of crop production. 

Climate-Smart Farming 

Precision farming tools will become essential for climate adaptation — using AI to model 

crop performance under changing rainfall and temperature scenarios, and prescribing 

management strategies that build soil health and resilience. 

Automation and Robotics 

Field robots for autonomous weeding, harvesting, and transplanting — guided by computer 

vision and precision GPS — are moving from experimental to commercial stages. These 

technologies will reduce drudgery, address rural labour shortages, and maintain timeliness of 

operations. 

Sustainable Agriculture Development 

Precision farming is uniquely positioned to reconcile the twin imperatives of higher food 

production and environmental sustainability. By minimizing input waste, protecting soil 

health, and optimizing water use, precision farming can deliver the productivity gains needed 

to feed the world while protecting the natural resource base for future generations. 

Conclusion 
Precision farming represents the most significant transformation in agricultural practice since 

the Green Revolution. By harnessing GPS, GIS, remote sensing, drones, IoT, and artificial 

intelligence, it enables farmers to make data-driven decisions that optimize resource use, 

increase productivity, and protect the environment. For India — a nation where agriculture 

sustains the livelihoods of hundreds of millions — the adoption of precision farming is not 

merely a technological upgrade but a strategic necessity for food security and rural 

prosperity. Government support through PFDCs, PMKSY, Digital India, and proposed 

investments of Rs 6,000 crore signals a strong policy commitment to this transition. 

However, the full potential of precision farming can only be realized through a concerted 

effort to address the challenges of farmer awareness, digital literacy, rural connectivity, and 

affordable access to technology. Collaborative approaches — involving government, research 

institutions like ICAR, private agri-tech companies, and farmers' cooperatives — will be 

essential to scale up adoption. 

The future of agriculture is precise, digital, and sustainable. The time to invest in 

precision farming is now. 

References 
1. Getahun S, Kefale H, Gelaye Y. (2024). Application of Precision Agriculture 

Technologies for Sustainable Crop Production and Environmental Sustainability: A 

Systematic Review. DOI: 10.1155/2024/2126734. PMC11483651. 

2. Soussi A, Zero E, Sacile R, Trinchero D, Fossa M. (2024). Smart Sensors and Smart Data 

for Precision Agriculture: A Review. Sensors, 24(8):2647. DOI: 10.3390/s24082647. 

3. Chen X. (2025). The role of modern agricultural technologies in improving agricultural 

productivity and land use efficiency. Frontiers in Plant Science. DOI: 

10.3389/fpls.2025.1675657. 

4. Frontiers in Agronomy. (2025). Precision agriculture techniques for optimizing chemical 

fertilizer use and environmental sustainability: a systematic review. DOI: 

10.3389/fagro.2025.1665444. 

5. Springer Nature Link. (2024). Unlocking the potential of precision agriculture for 

sustainable farming. Discover Agriculture. DOI: 10.1007/s44279-024-00078-3. 



Chawla (2026) Agri Articles, 06(03): 298-303 (MAY-JUNE, 2026)     

Agri Articles ISSN: 2582-9882 Page 303 

6. Springer Nature – Discover Environment. (2026). A review on machine learning-based 

precision agriculture techniques for crop farming monitoring with IoT. DOI: 

10.1007/s44274-025-00305-8. 

7. PMC – PubMed. (2025). The IoT and AI in Agriculture: The Time Is Now — A 

Systematic Review of Smart Sensing Technologies. PMC12196926. 

8. Sharma A, Jain A, Gupta P, Chowdary V. (2020). Machine learning applications for 

precision agriculture: a comprehensive review. IEEE Access, 9:4843–73. 

9. Shafi U, Mumtaz R, García-Nieto J, et al. (2019). Precision agriculture techniques and 

practices: from considerations to applications. Sensors, 19(17):3796. 

10. ICAR – Indian Council of Agricultural Research. Network Project on Precision 

Agriculture and Precision Farming Development Centres (PFDCs). icar.org.in. 

11. Ministry of Agriculture, Government of India. Smart Precision Horticulture Programme 

under MIDH (2024–29). agricoop.gov.in. 

12. ICARDA. (2024). Precision Farming Advisories Reap Rich Dividends for Farmers – 

GeoAgro-iKrishi project in Madhya Pradesh. icarda.org. 

13. Archives of Current Research International. (2025). Precision Agriculture: Opportunities, 

Challenges and Future Perception in India. journalacri.com. 

14. Liakos KG, Busato P, Moshou D, Pearson S, Bochtis D. (2018). Machine learning in 

agriculture: a review. Sensors, 18(8):2674. 

15. National Mission on Sustainable Agriculture (NMSA) and Pradhan Mantri Krishi 

Sinchayee Yojana (PMKSY). Government of India Policy Documents. 


