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n India, it's critical to counter resource scarcity, climate change and economic pressures 

that threaten food for 1.4 billion - boosting yields, cutting costs and ensuring sustainability 

for small land holders. Unlike conventional farming, which applies inputs uniformly across 

an entire field, precision agriculture (PA) tailors’ management decisions to the specific needs 

of individual zones within a field. PA represents not merely a technological upgrade to 

farming but a fundamental transformation of the agricultural decision-making process - one 

that holds immense promise for feeding a growing world population sustainably. 
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Introduction 
Agriculture is the backbone of the Indian economy, contributing approximately 17–18% of 

GDP and employing 54% of the total workforce. India, with 140 Mha of arable land, is 

among the world's largest producers of food crops. However, Indian agriculture faces 

formidable challenges i.e., erratic monsoons, dwindling groundwater reserves, rising input 

costs, soil degradation and threat of climate change. The need to shift from resource-intensive 

conventional farming to knowledge-driven, data-informed and sustainable practices.  

Precision Agriculture (PA) also referred as 'smart farming' or 'satellite farming’. It was coined 

in the 1980s in the United States, PA is founded on the principle that agricultural fields are 

not uniform, they exhibit spatial and temporal variability in soil properties, moisture levels, 

nutrient availability and pest pressure. While, conventional farming ignores input uniformity 

across the field. Precision Agriculture, in contrast, uses advanced technologies to detect, 

quantify and respond to this variability in a site-specific manner applying the right input, at 

the right rate, at the right time and at the right place. 

Definition of PA 

Precision Agriculture is a modern farming paradigm that integrates cutting-edge technologies 

-including the Global Positioning System (GPS), remote sensing, Geographic Information 

Systems (GIS), IoT sensors, drones and artificial intelligence to manage crops and livestock 

with unprecedented spatial and temporal accuracy. 

Components of Precision Agriculture 
Precision agriculture is an ecosystem of interlinked technologies and tools. The major 

components are described below: 
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Global Positioning System (GPS): GPS provides centimeter-accurate, real-time location 

data for farm fields, enabling precise operations like variable rate application, yield mapping, 

and auto-steering in tractors and sprayers via DGPS and RTK. 

Geographic Information System (GIS): GIS is a powerful spatial data management and 

analysis tool. In precision agriculture, GIS is used to create detailed maps of soil types, 

nutrient levels, topography, drainage patterns, land use and crop health.   

Remote Sensing (RS): Remote sensing captures Earth's surface data via satellite or aerial 

multispectral, hyperspectral, or thermal sensors. Indices like NDVI, EVI, and NDWI from 

RESOURCESAT-2, Sentinel-2, and Landsat-8 monitor crop health, spot drought/disease, 

estimate biomass, and forecast yields.  

Unmanned Aerial Vehicles (UAVs / Drones): Drones with multispectral cameras, thermal 

sensors, and AI software revolutionize crop monitoring by surveying large areas quickly, 

creating high-res maps, spotting pests/nutrient issues, and precisely applying 

pesticides/fertilizers.  

Soil Sampling and Sensor Technology: Precision soil sampling uses grid/zone patterns to 

analyse pH, organic carbon, N-P-K macronutrients, and micronutrients.  

Variable Rate Technology (VRT): VRT refers to agricultural machinery capable of varying 

the rate of input application seeds, fertilizers, pesticides or water based on GPS-linked 

prescription maps generated from soil and crop data.  

Yield Monitoring and Mapping: Combine harvesters with yield monitors and GPS sensors 

measure grain flow, moisture, and mass during harvest, creating geo-referenced yield maps 

that reveal field productivity patterns. Multi-year maps pinpoint high/low zones for targeted 

management. 

Internet of Things (IoT): IoT connects soil sensors, weather stations, irrigation controllers, 

and crop cameras to the internet for remote data collection and control. 

Artificial Intelligence (AI) and Big Data Analytics: AI, machine learning and deep 

learning process PA datasets for crop disease detection, yield prediction (satellite data), 

weather advisories and market forecasting. 

Applications of Precision Agriculture 
 Site-specific crop management (SSCM): Tailors nutrient, water, and pest inputs to field 

variability maps. 

 Precision irrigation: Soil sensors and ET models cut water use 20–40% (Singh et al., 

2022).  

 Precision nutrient management: Soil tests + VRT optimize fertilizer efficiency, curbing 

pollution. 

 Crop health monitoring: Satellite and drone-based NDVI mapping to detect early stress 

due to disease, pests, drought, or waterlogging, enabling timely intervention. 

 Precision pesticide application: UAV-mounted sprayers that apply pesticides only in 

affected zones, reducing chemical load by up to 60% compared to blanket spraying. 

 Weed management: AI-based weed detection cameras mounted on tractors that trigger 

spot-spraying, reducing herbicide use. 

 Carbon footprint monitoring: PA tools used to quantify greenhouse gas emissions from 

farming operations, supporting carbon credit programs. 

Merits of Precision Agriculture 
 Increased crop productivity: PA technologies enable optimization of inputs and 

management decisions, leading to yield increases of 10–25% depending on crop and 

region (Behera et al., 2023). 

 Reduction in input costs: Site-specific application of fertilizers, pesticides, and water 

significantly lowers input expenditure — Indian studies report 15–30% savings in 

fertilizer costs through VRT. 
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 Resource conservation: Precision irrigation reduces water consumption; site-specific 

fertilization minimizes nutrient runoff and groundwater contamination; reduced pesticide 

use benefits soil biodiversity. 

 Improved environmental sustainability: PA reduces the carbon footprint of agriculture 

through lower fuel consumption, reduced fertilizer manufacturing emissions, and 

improved soil carbon management. 

 Better quality produce: Optimized nutrition and stress management results in better crop 

quality — improved grain protein, fruit size, and appearance — enhancing market value. 

 Data-driven decision making: Farmers gain access to objective, real-time data rather 

than relying solely on subjective observation or traditional practices 

 Climate resilience: Early warning systems powered by PA help farmers mitigate climate 

risks through timely sowing, irrigation, and harvest decisions. 

Limitations and Challenges of PA 
 High initial investment: PA equipment - drones, GPS receivers, soil sensors, VRT 

machinery - involves substantial capital expenditure, which is prohibitive for the majority 

of India's small land holding farmers.  

 Technical complexity:  Operating PA technologies requires significant technical 

knowledge in GIS, data analytics, and equipment maintenance, which is often lacking 

among rural farming communities. 

 Fragmented landholdings: India's highly fragmented farm structure makes it 

economically unviable for individual farmers to invest in PA technologies designed for 

large-scale farms 

 Limited skilled manpower: There is a shortage of trained agricultural engineers, data 

scientists, and extension workers capable of implementing and supporting PA systems in 

India. 

 Regulatory gaps: Evolving DGCA drone rules, data policies, equipment standards. 

 Risk of technology dependency: Over-reliance on technology can erode traditional 

ecological knowledge and create vulnerability to technology failures. 

Conclusion 
Precision agriculture transforms farming through GPS-guided machinery, drone surveillance, 

AI analytics, and IoT sensors-delivering data-driven precision for optimal inputs. In India, it 

counters fragmented lands and climate risks, boosting yields 10-25%, slashing costs 15-30%, 

and conserving resources. Managing hurdles like costs and skills via subsidies and training 

unlocks its potential. Smart farming ensures sustainable, resilient agriculture, feeding 1.4 

billion securely into the future. 
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