
Precision Agriculture – Quick?Reference Notes

1. Definition

Precision Agriculture (PA) – A set of management practices that use data?driven technologies

to apply the right inputs (seed, water, fertilizer, pesticides) at the right time, place, and rate,

maximizing crop productivity while minimizing waste and environmental impact.

2. Core Principles

Principle What It Means Typical Tools

Variability Mapping
Recognize that fields are heterogeneous

(soil, moisture, pest pressure).

GPS, GIS, remote sensing,

soil surveys

Site?Specific

Management
Tailor inputs to each zone or even each plant.

Variable?rate applicators,

drones, robotics

Real?Time Decision

Support
Use current data to adjust actions on the fly.

Sensors, IoT platforms,

AI/ML models

Closed?Loop

Feedback

Continuously monitor outcomes and refine

recommendations.

Yield monitors, data

analytics dashboards

3. Key Technologies

Technology Function Example Applications

Global Navigation

Satellite System (GNSS)

Provides centimeter?level

positioning for machinery.

Auto?steering tractors, row?

centered planting

Geographic Information

Systems (GIS)

Stores, visualizes, and analyzes

spatial data.

Soil?type zoning, pest?risk

maps

Remote Sensing
Captures spectral information from

satellites, aircraft, or drones.

NDVI for vegetation health,

thermal imagery for water

stress
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Technology Function Example Applications

Soil & Crop Sensors

Measure moisture, temperature,

nutrient levels, canopy temperature,

etc.

In?field soil moisture probes,

leaf chlorophyll meters

Variable?Rate

Technology (VRT)
Adjusts input flow rates on the go.

Variable?rate fertilizer

spreaders, sprayers

Internet of Things (IoT)

Platforms

Connect sensors, equipment, and

cloud services.

Farm management software

(FMS) that aggregates data

Machine Learning & AI
Detect patterns, predict yields,

optimize schedules.

Yield prediction models,

disease?detection algorithms

Robotics & Autonomous

Vehicles

Perform tasks with minimal human

intervention.

Weeding robots, autonomous

harvesters

Blockchain (Emerging)
Securely record transactions and

provenance.

Traceability of inputs,

compliance reporting

4. Data Flow in a Precision Farm

1. Data Capture – Sensors, drones, satellites, equipment logs.

2. Transmission – Cellular, LoRaWAN, satellite uplink ? cloud or edge server.

3. Storage & Integration – Data lakes / databases; combine weather, soil, agronomic data.

4. Processing & Analytics – GIS mapping, statistical models, ML inference.

5. Decision Support – Dashboards, mobile alerts, automated control signals.

6. Actuation – Variable?rate equipment, irrigation controllers, robotic sprayers.

7. Feedback Loop – Yield monitors, post?season analysis ? refine models.

5. Benefits

Category Specific Gains

Economic
? Yield (5?20?% on average), ? Input costs (10?30?% reduction), higher ROI on

equipment

Environmental
? Nutrient runoff, ? pesticide drift, improved water use efficiency, carbon?

footprint reduction
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Category Specific Gains

Operational
Labor savings, better risk management, enhanced traceability, compliance with

regulations

Strategic
Data?driven breeding decisions, market?responsive production, better insurance

underwriting

6. Implementation Steps

1
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