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FROM SMART FARMING TO INTELLIGENT, HUMAN-CENTRED AND SUSTAINABLE BIO-INDUSTRIAL SYSTEMS

An accessible, implementation-oriented manual for farmers, extension professionals, institutions, investors, policymakers
and Agriculture-Based Clusters (ABCs).
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Contents & how to use this manual

Section Focus
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06 Botswana Moringa demonstration

07 The ABC integrated systems architecture
08 Infrastructure, processing and markets
09 People, inclusion and governance

10 Implementation roadmap and KPls

11 Training exercises, glossary and references

Audience and purpose

This manual introduces modern agricultural systems in plain language, then translates those concepts into an operational
approach suitable for African farming communities and bio-industrial clusters.

How to apply it
. Use sections 1-5 to train farmers and staff.
° Use sections 6-8 to design production and value-chain pilots.

° Use sections 9-11 to assign accountability, monitor progress and improve implementation.

Editorial note: Photorealistic scenes in this document are Al-generated illustrations of agricultural work, not documentary
photographs of actual FPI farms or personnel.
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01 Why agriculture must evolve

ILLUSTRATIVE PHOTOREALISTIC IMAGE | Hands-on agricultural learning and group extension

The challenge

African agricultural systems must produce food and industrial raw materials while managing water stress, climate variability,
high logistics costs, inconsistent quality, skills gaps and limited access to finance. Increasing output alone is insufficient if
crops are lost after harvest or farmers cannot reach reliable markets.

The evolution in simple terms

Stage Core idea Illustration
1.0 Manual and animal-powered Hand tools and livestock
production
2.0 Mechanisation Tractors and powered equipment
3.0 Precision agriculture GPS, soil mapping and targeted inputs
4.0 Connected smart agriculture Sensors, data, automation and
analytics
5.0 Human-centred integrated systems Technology plus sustainability, people

and value chains

The stages overlap: a farm can use hand labour, mechanised equipment and digital technology simultaneously. The numbers
describe broad conceptual shifts, not rigid historical boundaries.

EDUCATIONAL & STRATEGIC MANUAL e OCTOBER 2026 | HGN / FARMER’S PRIDE INTERNATIONAL



FPI | AGRICULTURE 4.0 & 5.0 * INTEGRATED SYSTEMS MANUAL

02 Agriculture 4.0: smart farming

ILLUSTRATIVE PHOTOREALISTIC IMAGE | Sensor-assisted irrigation and crop observation

What it means
Agriculture 4.0 uses connected technologies and reliable data to support faster, more accurate farming decisions. Instead of
applying the same amount of water, fertiliser or labour everywhere, the farmer responds to measured conditions.

Typical operational cycle

Observe Decide Act Verify
Soil moisture, weather, Set irrigation or treatment Operate pumps, machinery Check crop response, cost
crop status priorities or field teams and resource use

Practical uses

e  Moisture sensors inform irrigation scheduling.

e Digital records capture planting, inputs, harvest and labour.

e Drones and satellite images help identify crop variability.

e Traceability software links harvest lots to farm records.

e  Automated equipment reduces repetitive work where justified.

Important: A digital device is useful only when its information changes a decision and improves measurable results.
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03 The Agriculture 4.0 technology toolkit
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ILLUSTRATIVE PHOTOREALISTIC IMAGE | A trained operator using a drone to observe fields

Technology Purpose Low-cost starting point

Mobile farm records Track operations and costs Structured mobile forms or
spreadsheets

Soil sensors Improve water management One calibrated pilot plot

Remote sensing Observe crop patterns Free or affordable satellite imagery

GPS mapping Identify field boundaries Smartphone mapping

Weather information Plan operations and risks Trusted local forecast services

Traceability codes Link crop lots to their origin Printed lot codes and a register

Analytics / Al Support decisions Human-reviewed advisory reports

Procurement rule
Purchase technology only after defining the problem, expected benefit, training requirement, maintenance plan, connectivity
needs, data ownership and total lifetime cost. A manual system with dependable records is better than a sophisticated system

that nobody maintains.

Operational controls

e  Calibrate sensors and verify unusual readings.

e  Keep offline records where connectivity is unreliable.

e  Protect farmer data and control access.

e  Maintain a human approval step for high-impact decisions.
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04 Agriculture 5.0: intelligent and human-centred

e

ILLUSTRATIVE PHOTOREALISTIC IMAGE | Human expertise remains central to digital decision-making

Agriculture 5.0 is an emerging framework that extends smart farming toward social inclusion, environmental stewardship,
resilience and responsible human-machine collaboration. It is not a universally standardised certification or a requirement to
purchase a new generation of machines.

Five practical principles

° Human-centred: technology strengthens farmer and worker capability.

° Intelligent: data and Al support, rather than replace, accountable judgment.

e  Sustainable: protect soil, water, biodiversity and energy resources.

e Integrated: connect farms to processing, finance, logistics and buyers.

° Inclusive: ensure women, young people and smaller producers can participate.

Example

An Al advisory system might recommend irrigation and harvest timing. Farmers and agronomists test those recommendations
against local conditions. Processors confirm capacity; buyers confirm specifications; and cluster managers verify that the plan
is financially and environmentally viable.

The measure of success becomes wider than tonnes per hectare: livelihoods, product quality, water efficiency, profitability,
resilience and market participation also matter.
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05 Agriculture 4.0 versus Agriculture 5.0

Dimension Agriculture 4.0 Agriculture 5.0

Primary focus Connected efficiency System-wide sustainable value

Decision model Data-led optimisation Data plus accountable human
judgment

Scope Field and farm operations Farm, community, industry and market

Technology loT, sensors, automation, Al Same tools with stronger governance
and inclusion

People Users and operators Co-designers, decision-makers and
beneficiaries

Environmental outcome Resource efficiency Efficiency plus long-term resilience

Success measures Yield, cost, input efficiency Yield, livelihoods, resilience, quality

and value added

A useful distinction

Agriculture 4.0 asks: “How can we operate this farm more efficiently?” Agriculture 5.0 asks: “How can we design the
agricultural system so that technology, people, nature and enterprise prosper together?”

Common misunderstandings

e Agriculture 5.0 does not eliminate Agriculture 4.0 technologies.

° Not every smallholder needs a drone, robot or expensive Al subscription.
e  Automation without training, safety and maintenance can increase risk.
e  Sustainability claims require evidence, not promotional language.
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ILLUSTRATIVE PHOTOREALISTIC IMAGE | Field inspection and management of a Moringa-like leafy crop
Illustrative 10-hectare Moringa cluster: the scenario below is a design exercise, not a verified production forecast. Agronomic
assumptions, planting densities, yields and export prices require local validation before investment decisions.

Step Agriculture 4.0 layer Agriculture 5.0 extension

Establish GPS plots and digital crop registers Training, land suitability and equitable
participation

Irrigate Sensors and automated scheduling Water budgeting and climate resilience

Harvest Digital harvest logs Labour safety, harvest quality and
processor capacity

Dry / process Batch and temperature records Food safety, energy efficiency and
employment

Market Lot codes and buyer specifications Contracts, financing, fair payment and

reinvestment

Quality gates

e Approved planting material and documented farm practices.

° Field inspection and crop health verification.

e  Harvest hygiene, controlled drying and traceable lot segregation.

e Laboratory testing according to buyer and destination requirements.
e Release for sale only after specification and documentation checks.
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07 ABCs: designing the integrated system

£

ILLUSTRATIVE PHOTOREALISTIC IMAGE | Farmer training and practical agronomic support

The Agriculture-Based Clusters (ABCs) model can provide a practical architecture for applying Agriculture 5.0 principles in the
African bioeconomy. The core idea is to coordinate production with the infrastructure, institutions and markets required to
convert harvests into sustainable economic value.

ABC pillar Core responsibilities

Primary production Farmers, land, water, seed, agronomy and crop plans
Digital intelligence Farm records, sensors, dashboards and traceability
Aggregation and quality Lot handling, testing, grading and assurance
Processing Drying, manufacturing, packaging and utilities
Finance Capital, working capital, risk and payment systems
Trade Offtake, compliance, logistics and export development
People and ESG Training, inclusion, labour safeguards and stewardship

System design rule
Every production expansion should be matched to drying capacity, quality controls, finance and realistic buyer demand. More
hectares without the supporting value chain can create more waste rather than more income.

EDUCATIONAL & STRATEGIC MANUAL e OCTOBER 2026 | HGN / FARMER’S PRIDE INTERNATIONAL



FPI | AGRICULTURE 4.0 & 5.0 * INTEGRATED SYSTEMS MANUAL

08 Processing, certification and markets
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ILLUSTRATIVE PHOTOREALISTIC IMAGE | Controlled handling of leafy agricultural material in a processing facility

Why postharvest systems matter
Agriculture 5.0 is incomplete if digitally monitored crops deteriorate after harvest. Clean handling, calibrated drying,
documented testing, lot-level traceability, packaging and buyer compliance must be designed before scaling production.

The integrated quality pathway

Stage Control Evidence

Harvest Approved maturity and hygiene Harvest log

Handling Clean containers and separation Intake record

Drying Validated process and moisture target Drying batch sheet

Testing Relevant safety and quality parameters  Laboratory certificate
Packaging Correct labels and lot codes Packing list

Dispatch Contract and export compliance Shipping and traceability file

Commercial discipline

e  Confirm buyer specifications before production commitments.
e  Model payment delays and working capital requirements.

. Use conservative yields and prices in investment cases.

e  Clarify responsibility for rejected lots, insurance and logistics.

EDUCATIONAL & STRATEGIC MANUAL ¢ OCTOBER 2026 | HGN / FARMER’S PRIDE INTERNATIONAL



FPI | AGRICULTURE 4.0 & 5.0 * INTEGRATED SYSTEMS MANUAL

09 People, inclusion and governance
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ILLUSTRATIVE PHOTOREALISTIC IMAGE | Participatory learning and extension

Technology must serve people
Human-centred agriculture requires transparent decision-making, safe working conditions, accessible training and clear
economic roles for farmers, employees, processors and investors. Participation must be substantive, not merely symbolic.

Essential safeguards

° Protect personal and farm data; secure informed consent where required.

° Define who owns equipment, data, crops and intellectual property.

° Prevent child labour, forced labour and unsafe working conditions.

e  Provide fair opportunities for women, youth and smaller producers.

e  Offer grievance channels and documented dispute resolution.

° Ensure Al recommendations are explainable and reviewed by qualified staff.

Suggested cluster governance

Actor Accountability

Farmer / cooperative Field compliance and accurate records

Agronomist Technical validation and corrective actions

Cluster manager Scheduling, services and performance

Processor Food safety, capacity and batch control

Financier Facility terms, oversight and responsible lending
Buyer / exporter Specifications, contracts and payment transparency
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10 Implementation roadmap & performance

ILLUSTRATIVE PHOTOREALISTIC IMAGE | Pilot-scale irrigation and sensor deployment

Phase Action Decision gate

0-30 days Baseline, farmer mapping, market Evidence-based pilot approved
checks and design

31-90 days Training, farm records, sensors and Operational readiness verified
protocols

3-6 months Production, handling and quality pilot Quality and cost targets reviewed

6-12 months Processing integration, buyer trialsand  Scale / revise / stop decision
finance

Core KPIs

Area Suggested measure

Production Marketable yield per hectare and harvest cycle

Water Litres or m® per kg of marketable output

Quality Pass rate of tested lots and rejection rate

Economics Gross margin, cash conversion and payment days

People Farmers trained; women and youth participating

Resilience Water reliability, soil condition and risk readiness

Targets must be set from the verified local baseline; this manual does not assign unsupported yield or revenue promises.
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11 Training exercises, glossary & references

Workshop activities

e  Draw your current farm-to-buyer value chain and mark the three weakest links.
e Choose one farm problem and identify the simplest technology that can solve it.
e Develop a Moringa batch traceability form and test it with a mock harvest.

e Design a 90-day pilot with a responsible person, budget, target and review date.

Essential glossary

Term Plain-language definition

loT Connected devices that collect and exchange information

Precision agriculture Managing inputs according to measured field conditions

Traceability Ability to follow a product through its recorded history

Value addition Processing or improving products to increase usefulness
and value

Bio-industrialisation Developing industries using biological and agricultural
resources

Human-centred Al Al designed to support human needs, oversight and

accountability

Selected references and further reading

e  FAO. Strategic Framework 2022-2031. https://www.fao.org/strategic-framework/en

e  FAO. Sustainable Food and Agriculture. https://www.fao.org/sustainability

e  FAO.The 10 Elements of Agroecology. https://www.fao.org/agroecology/overview/the-10-elements-of-agroecology/en

e  Bissadu, K. D., Sonko, S. & Hossain, G. (2025). Society 5.0 enabled agriculture. https://doi.org/10.1016/j.inpa.2024.04.003

° Naim, M. & Boukhizzou, A. (2026). Animating the transition: How agriculture 5.0 revitalises agroecological principles.
Smart Agricultural Technology.

Image disclosure: All six human-centred agricultural scenes are Al-generated illustrative images. They depict plausible farming

activities but should not be represented as actual photographs of named farmers, farms or FPI facilities.
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