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Next-Generation ICT for Sustainable Farming
Generative Al, Large Language Models, Edge Al, Digital Twins, and Climate-Smart Agriculture
Introduction

The fourth generation of agricultural technology (AgriTech 4.0) established the foundation for digital
farming through loT, cloud computing, drones, GIS, and machine learning. These technologies enabled
farms to collect and analyze unprecedented volumes of data, supporting precision agriculture and data-
driven decision-making.

The next evolution—often referred to as Agriculture 5.0—extends this foundation by introducing
intelligent, autonomous, and collaborative systems. Rather than simply collecting data, modern ICT
platforms interpret information, generate recommendations, automate routine decisions, and assist
farmers in real time.

Five technological advancements are driving this transformation:
e Generative Artificial Intelligence (Generative Al)
e lLarge Language Models (LLMs)
e Edge Artificial Intelligence
e Digital Twin Technology
e Climate-Smart Agriculture Platforms

Together, these technologies enable farms to become adaptive, predictive, and resilient systems capable
of responding to changing environmental, economic, and climatic conditions.

1. Generative Al in Agriculture

Generative Al represents a significant advancement beyond traditional predictive analytics. While
conventional Al predicts outcomes such as crop yields or disease probability, Generative Al can create
context-aware recommendations, reports, plans, and advisory content tailored to individual farms.

Potential applications include:

Intelligent Farm Advisory

Instead of presenting raw sensor readings, the system generates actionable advice.
Example:

"Soil moisture has dropped below the optimal threshold in Plot 4. Based on the weather forecast,
postpone irrigation until tomorrow evening to reduce water consumption by approximately 18%."

Automated Crop Management Plans
Generative Al can produce:

e Seasonalcrop calendars

e Fertilizer schedules

e Irrigation plans

e Integrated Pest Management (IPM) strategies
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e Harvestplans
e Resource allocation plans
Each recommendation can be customized based on:
e Crop type
e  Growth stage
e Soil condition
e Historicalyield
e Weather forecasts
e Local agronomic practices
Automated Documentation
The system can automatically generate:
e Farmreports
e  Sustainability reports
e Carbon accounting reports
o GAP compliance documentation
e  Organic certification records
e Traceability documentation

This significantly reduces administrative workload while improving regulatory compliance.

2. Large Language Models (LLMs)

Large Language Models enable natural language interaction between farmers and digital agricultural
systems.

Rather than navigating complex dashboards, farmers can ask questions conversationally.
Examples include:
"Why are my tomato leaves turning yellow?"
"When should | irrigate my paddy field?"
"Compare my fertilizer usage with last season."
"How can | reduce input costs by 15%7?"
The LLM retrieves data from multiple sources, including:
e Weather stations
e Soil sensors
e Historical farm records

e Droneimagery
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e Government advisories
e Scientific literature
e Farm management systems
It then synthesizes the information into understandable recommendations.
Mutltilingual Agricultural Assistant
For countries such as India, LLMs can provide advisory services in regional languages including:
e Malayalam
e Tamil

e Kannada

o Telugu
e Hindi

e  Marathi
e Bengali

This improves accessibility for smallholder farmers who may not be comfortable using English-based
software.

Knowledge-Augmented Advisory
Unlike static knowledge systems, LLMs can combine:
e Scientific best practices
e Governmentrecommendations
e Localfarming experience
e Farm-specific sensor data

to generate highly personalized advice.

3. Edge Al

Many agricultural regions experience unreliable internet connectivity. Cloud-only architectures can
therefore introduce latency and reduce system reliability.

Edge Al addresses this challenge by performing intelligent processing directly on devices deployed in the
field.

Examples include:

Smart Irrigation Controllers

Instead of continuously transmitting data to the cloud, local Al models can:
e Monitor soil moisture

e Predict water demand
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e Activate irrigation automatically
e Detect sensor failures
e Reduce unnecessary water use
Drone-Based Edge Analytics
Modern agricultural drones can process multispectral imagery during flight to identify:
e Nitrogen deficiency
e Water stress
e Pestinfestation
e Disease symptoms
e Nutrient variability
This enables immediate field interventions without waiting for cloud processing.
Smart Camera Systems
Edge-enabled cameras installed within farms can identify:
e  Fruit maturity
e Weed growth
e Livestock movement
e Wildlife intrusion
e Equipment anomalies

Real-time processing significantly reduces communication costs while improving response times.

4. Digital Twins for Agriculture

A Digital Twin is a dynamic virtual representation of a physical farm that continuously updates using real-
time sensor data.

The digital twin integrates information from:
e Weather stations
e Soil sensors
e Droneimagery
e Satellite imagery
e Farm machinery
e Water systems
e Historical crop performance
e Market information

The resultis a continuously evolving virtual model of the farm.
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Benefits
Digital twins enable farmers to simulate different management strategies before implementing them.
Examplesinclude:
"What happens ifirrigation is delayed by three days?"
"What is the expected yield if fertilizer application is reduced by 20%?"
"How will changing crop varieties affect profitability?"
The system predicts the likely impact on:
e Yield
e  Water consumption
e Soil health
e  Production costs
e Carbon emissions
e  Profitability

This enables evidence-based decision-making while reducing operational risk.

5. Climate-Smart Agriculture

Climate change is introducing greater uncertainty into agricultural production through rising
temperatures, irregular rainfall, prolonged droughts, flooding, and increased pest pressure.

Climate-Smart Agriculture (CSA) seeks to achieve three simultaneous objectives:
e Increase agricultural productivity
e Improve climate resilience
e Reduce greenhouse gas emissions
ICT plays a central role in achieving these objectives.
Climate Risk Monitoring
ICT platforms integrate:
e Satellite observations
e Weather forecasts
e  Soil moisture measurements
e Crop models
e Climate projections
to identify emerging risks before they become critical.
Adaptive Crop Recommendations

The system can recommend:

PAGE 5 | © 2026 Keleno Labs. All Rights Reserved.
info@keleno.com | sales@keleno.com
Confidential. This document is proprietary to Keleno Labs. Unauthorized copying, distribution, or disclosure is prohibited without prior written permission.



0

K K=ZL=NO

NEXT-GENERATION ICT FOR SUSTAINABLE FARMING

e Drought-resistant varieties

e Heat-tolerant cultivars

e Alternative sowing dates

e Climate-resilient cropping patterns

e Water-efficientirrigation strategies
Carbon-Aware Farming
Modern ICT platforms can estimate:

e Carbon footprint

e  Fertilizer emissions

e Methane emissions

e Soil organic carbon

e Carbon sequestration

These measurements support carbon credit programs and sustainable farming certifications.

6. Integrated Intelligent Agriculture Platform

The next-generation ICT architecture combines multiple intelligent technologies into a unified platform.

Satellite Data

Weather Forecast APls

loT Sensors ® Drone Imagery ® Scout App

Edge Al Processing

Cloud Data Platform

Digital Twin + Farm Knowledge Graph

Generative Al + Large Language Models (LLMs)

I T T

Farmer App Agronomist Government
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Portal Dashboard

Automated Irrigation ® Fertigation ¢ Alerts

7. Towards Autonomous Farming

The convergence of loT, Al, robotics, cloud computing, and digital twins is enabling the transition from
precision farming to autonomous farming.

Future agricultural systems will be capable of:
e Detecting crop stress automatically
e Predicting pest outbreaks before symptoms appear
e Optimizing irrigation without manual intervention
e  Generating farm management plans dynamically
o Negotiating market opportunities through intelligent digital agents
e  Continuously learning from field observations

Rather than replacing farmers, these technologies augment human expertise by providing timely,
evidence-based recommendations and automating repetitive tasks.

Key Takeaways

The evolution of ICT in agriculture can be viewed as four successive stages:

Generation Primary Focus Key Technologies

ICT1.0 Digitization Farm Management Systems, GIS

ICT 2.0 Connected Farming loT Sensors, Mobile Apps, Cloud Computing

1CT 3.0 Intelligent Farming Al, Machine Learning, Drone Analytics, Predictive

Models

ICT 4.0 (Agriculture Autonomous and Cognitive Generative Al, LLMs, Edge Al, Digital Twins, Climate
5.0) Farming Intelligence, Multi-Agent Al

This progression transforms farming from a reactive process into an intelligent, adaptive system capable
of optimizing productivity, sustainability, and resilience in the face of climate and market uncertainties.
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