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Abstract

Sub-Saharan Africa holds 60% of the world’s uncultivated arable land, yet its smallholder farmers produce only 20 to
40% of attainable crop yields. Artificial intelligence (Al)-powered agricultural robotics offers a pathway to close this
gap, but its economic viability in low-resource contexts remains poorly quantified. This study constructs a cost-benefit
framework evaluating five technology tiers: smartphone Al disease detection ($150 per farm), drone scouting ($1,200),
Al irrigation ($800), autonomous weeding robots ($3,500), and integrated platforms ($2,500 per cooperative member).
Data are drawn from field trials and economic surveys across East, West, and Southern Africa. Results show
cooperative ownership achieves break-even in 1.5 seasons compared to 4.2 for individual purchase, with internal rates
of return ranging from 35% to 85%. Smartphone disease detection delivers the highest ROI (120% over three years) at
the lowest entry cost, while weeding robots deliver the highest yield gains (+59%) but require the largest investment.
Sensitivity analysis identifies crop yield response and cooperative adoption rate as the most influential parameters. The
inclusivity assessment reveals a critical gap: Farms under 0.5 hectares show only 12% adoption and capture 18%
income gains, compared to 62% adoption and 52% gains for farms over 5 hectares. Women access Al technologies at
30 to 42% of male rates. Regional analysis shows East and Southern Africa possess near-term deployment prerequisites,
while Central Africa requires foundational investments. The study proposes a tiered deployment strategy, sequencing
technology from low-cost mobile Al to advanced robotics, with each tier generating the returns and literacy needed to
support the next.
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Introduction

African agriculture faces a paradox. The continent
contains 60% of the world’s uncultivated arable land and
a young, growing labor force, yet it imports $35 billion
worth of food annually. Smallholder farmers - operating
on plots typically smaller than 2 hectares - produce the
vast majority of Africa’s food but achieve yields that fall
60 to 80% below what the same crops produce under
optimized conditions in Asia or Latin America [1]. This
yield gap translates directly into food insecurity, rural
poverty, and economic migration that drains agricultural
communities of their most productive members.

The causes of this gap are well documented: limited

access to improved seeds and fertilizers, inadequate pest
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and disease management, rain-dependent irrigation,
post-harvest losses reaching 30 to 40% for perishable
crops, and weak connections to markets that would
reward quality improvements [2]. Agricultural
mechanization - the traditional pathway that transformed
farming productivity in Asia and Latin America - has
largely bypassed Sub-Saharan Africa, where fewer than
5% of smallholder farms use any form of motorized
equipment [3]. Daum et al. examined this mechanization
gap systematically through a best-fit framework. They
found that the conventional progression from animal
traction to two-wheel tractors to four-wheel tractors does

not match the economic realities of most African
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smallholder contexts. Plots are too small for large
tractors, terrain is too irregular for standardized
equipment, and capital is too scarce for individual
ownership of expensive machinery [4].

Al-powered agricultural technologies offer a
fundamentally different pathway. Instead of replacing
human labor with mechanical force, they amplify human
decision-making with data-driven intelligence. A farmer
who cannot afford a tractor can afford a smartphone
application that identifies crop diseases from leaf
photographs with over 90% accuracy. A cooperative that
cannot justify a combine harvester can share a
solar-powered drone that scouts 50 hectares per hour for
These

technologies operate at cost points and scale levels that

pest infestations and nutrient deficiencies.

COST STRUCTURE

Hardware: Solar-Powered Robots, Drones, Sensors
(800 - 3,500 per unit)

Software: AI Models, Mobile Apps, Cloud Services
¢

50 — 200/year subscription)

Chardging Stati

Infrastr : C ivi
Data Storage (200 — 500 setup)

match the economic reality of African smallholder
farming in ways that traditional mechanization never did.
This study builds
framework for Al

low-resource African contexts (in Figure 1). The analysis

a comprehensive cost-benefit

agricultural technologies in
goes beyond simple ROI calculations to address three
questions that determine whether these technologies

achieve inclusive economic impact: Which technology

configurations  deliver = positive  returns  at
smallholder-relevant investment levels? How do
different ownership and financing models affect

break-even timelines and risk exposure? And which
farmer populations - defined by farm size, gender, region,
and existing resource access - benefit most and least
from Al agricultural deployment?

BENEFIT STREAMS

Yield Increase: +15-40% through
Precision Planting & Disease Detection

Input Savings: -20-33% Pesticide,
-15-25% Fertilizer, -30% Water

Labor Reallocation: 200-400 Hours/Season
Freed for Value-Added Activities

ROI ANALYSIS

Break-Even: 1.5-

IRR: 35-85% (Coop

ve M
B/C Ratio: 1.8-3.2

Figure 1. Cost-benefit analysis framework for Al agricultural robotics in low-resource african smallholder contexts.

A cost-benefit analysis framework is proposed for Al
agricultural robotics in low-resource African smallholder
contexts. The left column identifies four primary cost
components (hardware, software, training, and
infrastructure) with representative price ranges drawn
from recent market data.

The right column maps four benefit streams (yield
increase, input savings, labor reallocation, and market
access) with estimated impact ranges based on field
evidence. Central ROI metrics show a break-even point
at 1.5 to 3 seasons with benefit-cost ratios of 1.8 to 3.2
under cooperative ownership models, highlighting

strong economic feasibility.
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The technology landscape: What AI can do on
African farms

From smartphones to robots: A five-tier technology
stack

As shown in Figure 2, The Al agricultural technology
stack spans five tiers of increasing capability, cost, and
infrastructure requirements. The first tier - smartphone-
based Al - requires only a basic Android device ($50 to
$150)

Applications like PlantVillage use convolutional neural

and intermittent internet  connectivity.

networks trained on millions of crop images to identify

diseases, pest damage, and nutrient deficiencies from
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photographs that farmers capture in their fields.

Coletta et al. studied optimal deployment strategies for
crowdsensing plant disease diagnosis in developing
countries and demonstrated that smartphone-based
detection networks can achieve diagnostic coverage
equivalent to trained extension agents at 5 to 10% of the
cost [5]. The study modeled deployment across varying
network densities and found that even sparse smartphone
coverage (one device per 20 farmers sharing through a
community network) produces significant diagnostic
improvements because disease information from
early-detecting farmers spreads to neighboring plots
before infections establish.

The second tier - drone-based crop monitoring - requires
a higher capital investment ($800 to $1,500 per unit) but
covers vastly larger areas. Kwao et al. explored
agricultural drone adoption, applications, and barriers
across Africa and documented that drones reduce crop

scouting time from 8 to 10 hours per hectare (manual
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walking inspection) to 15 to 20 minutes per hectare while
generating multispectral imagery that reveals stress
patterns invisible to the human eye [6]. McCarthy et al.
evaluated whether drones can help smallholder farmers
improve efficiencies and found that drone-based pest
detection reduces pesticide application by 20 to 35%
than blanket spraying,

simultaneously cutting input costs and environmental

through targeted rather
damage [7].

The third through fifth tiers - Al-controlled irrigation,
autonomous weeding robots, and integrated precision
farming platforms - require progressively larger
investments and more robust infrastructure. Sayed et al.
developed a framework for selecting appropriate
mechanization levels for smallholders in developing
countries. They emphasized that technology selection
must match the farm’s economic capacity. It must also fit
its labor availability, and

agronomic  context,

maintenance capability [8].
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Controller
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Figure 2. Technology readiness vs. affordability matrix (bubble size=potential yield impact).

Technology readiness versus affordability matrix for Al

agricultural technologies in African smallholder
contexts. Bubble size indicates potential yield impact
across different farming systems. Smartphone disease
detection falls in the “Deploy Now” quadrant (high
readiness and high affordability). Autonomous weeders

and robotic harvesters still require continued research

and development (R&D) to reach affordable
deployment thresholds in most regions.
https://www.wonford.com/
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Energy and connectivity: The infrastructure
foundation

Every tier of the AI agricultural technology stack
depends on two infrastructure elements rural Africa
lacks: reliable electricity and data connectivity. Mirembe
et al. demonstrated off-grid renewable energy for East
They

systems can charge drones. These systems can also run

African agriculture. showed solar-powered

sensor networks and data processing units without grid
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connection [9]. Amjad et al. reviewed decentralized
solar-powered systems along agricultural supply chains
in developing countries. They found solar installations
sized for agricultural technology support (S500W to
2000W) cost $200 to $500 and pay for themselves within
2 to 3 seasons through combined energy savings and
technology-enabled productivity gains [10].

Jaikarran et al. reported a 2025 study at the Conference
on Human Factors in Computing Systems (CHI) that
specifically examined design and wuser agency
requirements for Al and Internet of Things (IoT) systems
targeting off-grid smallholder farmers [11].

The study found that successful systems share three
design characteristics: They function with intermittent
rather than continuous connectivity (storing data locally
and syncing when signal is available), they present
information through voice and visual interfaces rather
than text (accommodating low literacy levels), and they
give farmers explicit control over what data is shared and
that

with  whom (addressing privacy concerns

researchers often overlook in development technology

contexts).

Building the numbers: Cost-benefit analysis across
deployment models

The analysis takes the perspective of a smallholder farm
household or a farmer cooperative making a technology
adoption decision, with all monetary values expressed in
2024 US dollars.

Future costs and benefits are discounted at a 5% real
discount rate, a level commonly used for agricultural
investment appraisal in developing-country contexts.
Net present value (NPV) is computed over a five-year
horizon from per-hectare net cash flows, and the internal
rate of return (IRR) is solved as the discount rate that sets
the five-year NPV to zero for each technology-
ownership combination. Break-even is reported in
growing seasons.

Parameter values are drawn from the 14 studies reviewed
in the relevant literature on African smallholder farming.
Table 1 summarizes the key parameters, their baseline

values, and their original sources.

Table 1. Key parameters, baseline values, and sources used in the cost-benefit analysis.

Parameter Baseline value Source

Crop yield increase 25% (range 10 to 40%) of attainable yield [5, 14]

Equipment unit cost $150 to $3,500 per unit, by technology tier [6, 7, 8]
Cooperative adoption rate 60% of cooperative members [12]
Labor hours saved 8 to 10 hours per hectare per season [7]
Input cost savings 20 to 35% of pesticide and fertilizer spend [5]
Market price premium 10% for quality-graded produce [1]
Annual maintenance cost 8% of equipment unit cost per year [8]
Equipment lifespan 5 years [8]

. Standard agricultural investment
Discount rate 5% (real) . .
appraisal practice

The economic viability of Al agricultural technologies
depends critically on ownership structure. Individual
purchase places the full capital cost on a single farmer
and requires that farmer’s plot alone to generate
sufficient returns. Cooperative ownership distributes
capital costs across 20 member farmers and allows the
technology to operate across a larger total area, spreading
fixed costs over more productive hectares. Mobile-
application-only models require minimal capital but
deliver narrower benefit streams limited to information

and advisory services without physical intervention
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capability, as shown in Figure 3(a).

The regional dimension adds another layer of inequality.
Figure 3(b) summarizes the regional adoption readiness
indicators used in this study; each sub-region is scored
on four dimensions - mobile connectivity, farmer
organization density, technology literacy, and financial
access - constructed by normalizing the values reported
in the surveys reviewed for this study to a 0 to 100 scale.
North Africa shows the strongest adoption readiness
profile, with mobile connectivity exceeding 70% and

technology literacy over 60%, though its farmer
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organization density (around 40%) lags behind East and
Southern Africa. East Africa and Southern Africa also

demonstrate robust readiness (particularly in farmer

(a) Break-Even Analysis by Ownership Model
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organization and mobile connectivity), whereas Central
Africa remains the most underserved region, with all

four indicators falling below 30%.
(b) Regional Adoption Readiness Indicators
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Figure 3. Economic viability of ownership models and regional adoption readiness of Al agricultural technologies.

(a) Break-even analysis by ownership models; (b) Regional adoption readiness indicators.

Individual purchase ($2,500 per farm, break-even at
season 4.2), cooperative sharing ($800 per member
within a 20-member cooperative, break-even at season
1.5), and mobile Al app only ($150 per farm, break-even
at season 0.5). Cooperative models generate higher
cumulative returns than individual purchase despite
lower per-unit investment.

Furthermore, this tiered technology adoption pathway
requires complementary institutional safeguards.
Policymakers should increase investment in rural digital
financial infrastructure, including mobile network
coverage and digital wallet penetration. They should also
establish a rural digital credit system to reduce risk
pay-as-you-go
financial policy with technology extension policy can

premiums for services. Integrating
effectively break upfront capital barriers. This allows the
low-risk progression from smartphone detection to
shared Al irrigation to function smoothly.

Mapanje et al. reviewed financial technologies in
Sub-Saharan African agriculture. They identified Mobile
Pesa (M-Pesa) and Mobile Telephone Network Mobile
Money (MTN Mobile Money) as transformative
enablers. These platforms reduce technology acquisition
costs through pay-as-you-go financing and equipment
micro-insurance. They also offer transparent payment
tracking that builds credit histories [12].

Saikanth et al. examined the broader impact of emerging

technologies on sustainable agriculture and rural
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development and identified a compounding effect. Each
technology tier generates economic returns that fund
adoption of the next tier [13].

A farmer who starts with a 150 smartphone disease
15%
improvement generates the additional income needed to

detection application and achieves yield
invest in 50/year drone scouting services the following
season. Two seasons of combined smartphone and drone
benefits generate sufficient capital for a cooperative
contribution toward an Al irrigation controller. This
tiered adoption pathway transforms the economic
analysis from a single large investment decision into a
sequence of smaller, progressively lower-risk decisions.
Future research could explore behavioral interventions
within this adoption pathway. Although cooperative
sharing offers economic advantages, farmers’ decisions
are often constrained by cognitive biases and distrust.
Field experiments should evaluate strategies such as peer
demonstration and short-term free trials. This would help
build a framework balancing economic feasibility with
social psychology.

Figure 4 summarizes the resulting economics. Mobile Al
disease detection delivers a 120% three-year ROI at a
unit cost of $150, drone scouting 65% at $1,200. Al
irrigation 85% at $800, autonomous weeding 45% at
$3,500, and integrated platforms 180% at $2,500 per
cooperative member in Figure 4(a). The same figure

previews the inclusivity gap analyzed in Figure 4(b).
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(a) ROI vs. Cost by Technology Type
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(b) Inclusivity Impact by Farm Size
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Figure 4. Economic viability and inclusivity of agricultural innovations. (a) ROI vs. cost by technology type;

(b) Inclusivity impact by farm size.

Figure 4(a) shows the three-year ROI comparison
across five Al agricultural technology types. Mobile Al
disease detection delivers the highest percentage return
(120%) at the lowest unit cost ($150), while integrated
platforms deliver the highest absolute returns at a
cooperative-level investment ($2,500).

Diamond markers indicate the unit costs on the
secondary axis. Meanwhile, Figure 4(b) presents the
inclusivity impact analysis by farm size category.
Ultra-small farms (<0.5 ha) show the lowest adoption
rates (12%) and income gains (18%), revealing a critical
equity gap that current deployment models fail to
address.

Where the returns come from: A yield waterfall
decomposition

The aggregate yield improvement figure - a 15 to 59%
increase depending on which Al interventions a farmer
adopts - obscures the specific contribution of each
technology component. The waterfall decomposition
traces how cumulative yield builds from a baseline
through successive Al interventions (in Figure 5).
Starting from a baseline maize yield of 1,800 kg/ha (the
Sub-Saharan African average for smallholder rainfed
maize), Al-powered disease detection adds an estimated
270 kg/ha by catching infections 5 to 10 days earlier than
visual inspection, when fungicide application is still
effective.

Precision fertilizer application guided by soil sensor data
and Al recommendation algorithms adds another 180

kg/ha by placing nutrients where roots can actually
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access them rather than broadcasting uniformly across
the field. Optimal irrigation scheduling - even at the
simplest level of Short Message Service (SMS)-based
advisories telling farmers when to apply their limited
water resources - adds 220 kg/ha by reducing both water
stress during critical growth stages and waterlogging
during wet periods. Al-guided weed management
contributes 150 kg/ha through precise identification and
targeted removal of weed species that compete most
aggressively with the crop. Harvest timing optimization,
based on Al analysis of crop maturity indicators from
drone imagery, adds 90 kg/ha by reducing both
premature harvest (lower grain weight) and delayed
harvest (field losses to birds, rodents, and weather).
Post-harvest loss reduction through Al-powered quality
sorting and storage monitoring adds a final 160 kg/ha by
preventing the 20 to 30% spoilage that typically occurs
between harvest and market sale [14].

This decomposition reveals a critical insight for
technology adoption. No single Al intervention drives
Instead,

the aggregate yield increase. the gains

accumulate through a sequence of incremental

improvements. Disease detection, irrigation, and
post-harvest loss reduction contribute the largest
individual shares. Smaller contributions from fertilizer,
weeds, and harvest timing remain essential to the whole.
This pattern supports a modular adoption strategy, where
farmers can select interventions based on cost and local
constraints.

These modular gains also interact with one another in

practice. Early disease detection, for instance, protects
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the yield potential that improved irrigation and fertilizer

application help to realize. This interdependence means

that the sequencing of adoption matters, not just the

choice of individual technologies.
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Figure 5. Al intervention yield waterfall: cumulative impact on smallholder maize production.

Yield waterfall decomposition showing the cumulative
contribution of each Al intervention to smallholder
maize productivity. Starting from a baseline of 1,800
kg/ha, produce a
cumulative yield of 2,870 kg/ha - a 59% total

improvement. Disease detection and optimal irrigation

six Al-powered interventions

contribute the largest individual gains (270 and 220
kg/ha, respectively).

The cumulative result - 2,870 kg/ha, a 59%
improvement over baseline - brings smallholder yields
close to the 3,000 to 3,500 kg/ha achieved by fully
mechanized commercial farms. The critical insight is
that Al-based precision management achieves yield
levels comparable to full mechanization at a fraction of
the capital cost. This is because it optimizes the use of
inputs the farmer already applies. It does not require
entirely new production systems.

Oyewole et al. reviewed smart technologies for
postharvest loss reduction. They emphasized that this
final yield-waterfall component delivers the highest
economic impact per dollar invested. This step prevents
spoilage between harvest and sale. It converts existing
production into marketable products without changing
farming practices. A 30 solar-powered grain moisture
sensor preventing a 200 storage loss yields an

immediate 567% return on a one-time investment. The
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post-harvest segment disproportionately  benefits
women farmers. They manage most small-scale food
processing and storage in African agricultural
households. They capture post-harvest technology gains
more directly than field-level interventions that men
typically control.

Hlatshwayo et al. analyzed the determinants of crop
productivity and their effects on food and nutrition
security in Southern Africa and found that input access,
extension services, and market connectivity each
independently influence yields by 10 to 20%. Al
agricultural technologies affect all three determinants
simultaneously. Al advisory services substitute for
scarce human extension agents. Precision application
reduces input waste, stretching limited input budgets
further, while digital traceability systems connect
farmers to quality-conscious buyers willing to pay
premium prices. This multi-channel impact explains
why the waterfall’s individual components compound
rather than simply adding: Each AI intervention
improves the conditions under which subsequent

interventions operate.

What the sensitivity analysis reveals

Not all parameters affect investment returns equally. The

tornado diagram (in Figure 6) ranks eight key parameters
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by their influence on 5-year net present value per hectare,

relative to a baseline 5-year NPV of approximately

Labor Hours Saved/Season
Market Price Premium (%) -
Annual Maintenance Cost (USD) A
Adoption Rate in Cooperative (%)
Equipment Lifespan (years)
Input Cost Savings (%)
Equipment Unit Cost (USD) A

Crop Yield Increase (%)

$2,500 per hectare under the baseline 25% yield-increase

scenario.

mmm  Favorable Scenario
mmm Adverse Scenario

—-2000 —1000

0 1000 2000

Change in 5-Year NPV (USD per hectare)

Figure 6. Sensitivity analysis: key drivers of investment returns.

Sensitivity analysis shows the impact of eight key
parameters on five-year net present value (NPV) per
hectare. This analysis is relative to a baseline five-year
NPV of approximately $2,500 per hectare. The baseline
assumes a 25% yield-increase scenario. Crop yield
increase and cooperative adoption rate exert the
strongest influence on returns, while labor hours saved
and market price premium show the weakest effects. The
asymmetry between favorable and adverse scenarios
reflects the non-linear relationship between adoption
scale and unit economics.

Crop yield response dominates: A favorable yield
scenario (40% increase instead of the baseline 25%) adds
$2,200 to the baseline 5-year NPV, while an adverse
scenario (10% increase) reduces NPV by $1,800. This
asymmetry reflects the biological reality that Al-guided
farming prevents catastrophic losses (disease outbreaks,
severe water stress) more reliably than it generates
exceptional harvests - the downside protection value
exceeds the upside enhancement value in most scenarios.
Cooperative adoption rate ranks second because
shared-cost models create network effects: As more
members join, the per-member cost drops, utilization
and the

operational expertise that reduces maintenance costs and

rates increase, cooperative accumulates

technology downtime. A cooperative achieving 80%
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member adoption generates 1.8 times the per-member
NPV of one with only 40% adoption, even though the
technology and agronomic conditions are identical.
Equipment unit cost ranks third, and this parameter is
trending favorably: Solar panel costs have fallen 85%
since 2010, drone prices have dropped 60% since 2018,
and smartphone computing power per dollar doubles
roughly every 18 months. These trends suggest that the
economic viability analysis presented here represents a
conservative snapshot that will improve significantly
over the next 3 to 5 years. Ngoma et al. studied the
adoption and impacts of conservation agriculture in
Eastern and Southern Africa and documented that
technology cost reduction alone does not drive adoption -
farmers also need evidence from trusted local sources
that the technology works in their specific soil, climate,
and market conditions. This finding reinforces the
importance of the cooperative model: Cooperatives serve
as local demonstration sites where risk-averse farmers
can observe technology performance on neighboring
plots before committing their own resources.

These

technology deployment. Because downside protection

findings have practical implications for

outweighs upside enhancement, promoting Al

agriculture should emphasize risk reduction rather than

maximum yield. Extension programs should therefore
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prioritize cooperative demonstration sites to accelerate
learning and trust. This dual focus on cost reduction and
peer evidence can help overcome adoption barriers in
smallholder contexts.

To further illustrate this, Table 2 compares the economic

performance of five Al technology tiers under different

ownership models. While mobile Al apps offer the
lowest barrier ($150 cost, 120% ROI), integrated
platforms achieve the highest return ($550/ha, 180%
ROI) but require a cooperative structure. This confirms
that deploying these advanced technologies necessitates

collective adoption and peer support.

Table 2. Comparative economic performance of Al agricultural technology tiers across three ownership models in

Sub-Saharan African smallholder contexts.

Unit cost | Annual benefit | Break-even 3-year .
Technology Key constraint
(USD) (USD/ha) (Seasons) ROI (%)
Mobile Al . .
§150 280 0.5 120 Requires smartphone ownership
app
Drone .
. $1,200 350 2.0 65 Needs trained operator
scouting
Al irrigation $800 320 1.5 85 Water source required
Auto weeder $3,500 480 4.2 45 High capital; flat terrain only
Integrated )
$2,500% 550 2.8 180 Cooperative structure needed
platform

Note: *Per cooperative member (20-member cooperative); all other unit costs are per farm, and annual benefits are per

hectare. Unit costs are per farm unless otherwise noted; annual benefits are per hectare. All values represent estimates

based on field trial data and technology cost surveys from the reviewed literature.

The inclusivity gap: Who gets left behind

Aggregate economic performance numbers mask a
troubling distributional pattern. Three mechanisms drive
this gap. First, the smallest farms generate insufficient
total revenue to justify even the lowest-cost Al
investments. A 15% yield increase on 0.3 hectares of
maize generates roughly $45 of additional income. This
cannot service even a basic smartphone purchase within
one season. Second, ultra-small farmers often lack the
traditional collateral or formal credit history required for
conventional loans. Third, these smallest farmers are
disproportionately female, elderly, and located in remote
areas.

Beyond farm size, geographic disparities further
exacerbate this gap. West Africa shows intermediate
readiness with strong farmer organization traditions but
lower connectivity infrastructure. Conversely, Central
Africa exhibits the weakest readiness across all four
measured indicators. Mobile connectivity there falls
below 20% and farmer organization density below 30%.
These stark regional variations mean a single continental

strategy for Al deployment will inevitably fail. Each
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sub-region needs a customized deployment roadmap.
This roadmap should sequence infrastructure investment,
institutional development, and technology introduction
according to local conditions.

In addition to scale and geography, gender disparities
compound these structural barriers. Women farmers
access Al agricultural technologies at only 30 to 42% of
male farmer rates. This gap reflects not technological
limitations but deep-rooted structural barriers. Women
hold weaker land tenure rights, reducing their incentive
to invest in land-improving technologies. They also
control less household cash, which limits their
purchasing power. Furthermore, mobility constraints
hinder their access to training programs and technology
distribution points.
Addressing  this

requires interventions outside the technology system

multidimensional inclusivity gap

itself. To overcome the scale barrier, tailored financial
These

pay-as-you-go models evaluated on a per-hectare basis.

products are essential. could include
For geographic disparities, infrastructure investment
must strictly follow customized regional roadmaps.

Finally, closing the gender gap requires systemic
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changes, including land tenure reform and women’s
savings groups. Female-led technology ambassador
programs are also critical to build trust through peer
demonstration.

Cooperatives, therefore, are not just an economic
mechanism to pool costs, but also a crucial social
vehicle to bypass gender and geographical barriers by

providing localized peer support.
Conclusion

This Al

technologies can achieve positive economic returns for

study demonstrates that agricultural
African smallholder farmers, but only when deployment
models match the specific economic, infrastructural, and
Three

findings carry the strongest practical implications. First,

social constraints of low-resource contexts.

cooperative ownership models cut break-even timelines
from over 4 seasons to under 2 seasons and raise the IRR
from 35% to 45% compared to 65% to 85% by
distributing costs, increasing utilization, and building
collective technical capacity (in Table 1). Second, a
tiered deployment strategy - starting with mobile Al
applications, progressing through drone and sensor
services, and culminating in robotic systems - transforms
the adoption decision from a single high-risk investment
into a sequence of self-financing steps where each tier
funds the next. Third, without deliberate inclusivity
interventions, Al agricultural technology will replicate
amplify The

best-connected, male-operated farms will capture the

and existing inequalities. largest,
majority of benefits. Meanwhile, the smallest, most
remote, female-operated farms - precisely those that
need productivity improvements most urgently - will be
left further behind.

The most impactful research directions address this
inclusivity challenge directly. Pay-per-use models charge
farmers based on hectares served rather than equipment
purchased. This approach would eliminate the capital
barrier entirely. It converts fixed costs into variable costs
that scale linearly with farm size, making Al agriculture
even for 0.3-hectare plots.

that

economically rational

Satellite-to-phone  advisory systems deliver
field-specific recommendations via SMS or voice
message without requiring smartphone ownership or
internet connectivity would reach the 65% of African

farmers who own basic feature phones but not

https://www.wonford.com/
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smartphones.

Community-owned Al infrastructure - solar charging
stations, drone docking stations, and local edge
computing nodes operated by village-level enterprises -
would create rural technology ecosystems that generate
local employment while reducing per-farmer technology
costs through shared infrastructure. These approaches
share a design philosophy that reverses the usual
technology transfer direction: instead of scaling down
technologies designed for large commercial farms, they
build up from the constraints and capabilities of the
smallest, poorest farmers and let the economics scale
from there.

The economic data in this study suggests a policy
direction, though it cannot on its own establish it.
Governments and development organizations may
prioritize cooperative formation and mobile money
infrastructure. This support should target Al agricultural
technology deployment. Such an approach is preferable
to subsidizing individual technology purchases, which
tend to benefit farmers who already have the resources to
adopt independently.

The cooperative-first approach generates both the
economic pooling mechanism and the social trust
network that technology adoption requires. This creates
the conditions under which commercial technology
providers can profitably serve markets. Those markets
would never be justified by individual farmer economics.
Africa’s agricultural transformation will not come from
importing expensive robots designed for lowa cornfields.
It will come from building intelligent systems designed
from the ground up. These systems must fit the specific
soils, crops, climates, economies, and social structures of

African smallholder farming.
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