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Abstract

Agricultural entrepreneurship in rural Nigerian communities has long been hindered by inefficient
resource utilization and limited market access, exacerbating poverty and reducing productivity.
This study addressed these challenges by exploring how Internet of Things (IoT) and data-driven
solutions could optimize input use and improve market integration for smallholder farmers. The
objective was to assess the impact of smart technologies on resource management and income
generation in Nigeria’s Savannah zone. A convergent mixed methods design was employed. The
study combined sensor-based field experiments with qualitative interviews to evaluate technology
outcomes in three rural communities. Quantitative data were collected from sixty soil moisture
sensors, drone-based imagery (biweekly), and mobile app transaction logs. Qualitative data were
obtained through in-depth interviews with thirty farmers and agripreneurs. All data streams were
integrated using a digital dashboard. Descriptive and comparative analyses were used to assess
pre- and post-intervention outcomes. The results revealed a 21% reduction in water use and an
18% decrease in fertilizer application with no loss in yield. Furthermore, farmers using the digital
marketplace experienced a 25% increase in net income, a 12% rise in sale prices, and a 15%
reduction in post-harvest losses. The study recommends the deployment of solar-powered loT
hubs, tailored training programs in local languages, and mobile interfaces to bridge the digital
divide. It concludes that loT and data-driven tools, if properly supported, can significantly improve
productivity and profitability for rural farmers, contributing to sustainable agricultural
development in Nigeria.

Keywords: loT, resource optimization, digital agriculture, market access, rural entrepreneurship.

Introduction
Agriculture remains the backbone of Nigeria's rural economy, employing over 70% of the rural
population and contributing significantly to the nation's GDP. Despite its importance, the sector
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faces persistent challenges, including inefficient resource utilisation, limited market access, and
low adoption of modern technologies (Ezeudu & Obimbua, 2024, p. 528). These issues have
hindered the growth of agricultural entrepreneurship in rural communities, leading to reduced
productivity and income levels among smallholder farmers. The advent of the Internet of Things
(IoT) and data-driven solutions offers a transformative opportunity to address these challenges.
IoT technologies enable real-time monitoring of agricultural processes, facilitating precision
farming practices that optimise resource use and enhance productivity. For instance, loT-enabled
soil sensors can provide farmers with accurate data on soil moisture levels, allowing for efficient
irrigation scheduling and water conservation (Dickson & Ukegbu, 2024, p. 283). In addition to
resource optimisation, data-driven platforms can bridge the gap between rural farmers and
markets. By leveraging digital tools, farmers can access market information, connect with buyers,
and negotiate better prices for their produce. This integration into broader value chains not only
increases income but also empowers farmers to make informed decisions about their agricultural
practices (Ezeudu & Obimbua, 2024, p. 530).

However, the adoption of IoT and data-driven solutions in Nigeria's rural agricultural sector is still
in its nascent stages. Barriers such as limited internet connectivity, high costs of technology, and
lack of technical expertise among farmers impede widespread implementation (Digital Agriculture
in Nigeria, 2025, p. 42). Addressing these barriers is crucial to harnessing the full potential of these
technologies in transforming rural agriculture. The ideal scenario envisions a rural agricultural
landscape where farmers utilise IoT devices to monitor crop health, optimise input use, and access
real-time market data, leading to increased productivity and profitability. In reality, many rural
farmers operate without access to such technologies, relying on traditional farming methods that
are often inefficient and yield low returns. This disparity results in missed opportunities for
enhancing food security and economic development in rural areas.

The consequences of this gap are far-reaching. Without the integration of modern technologies,
rural farmers remain vulnerable to climate variability, market fluctuations, and resource
constraints. This vulnerability not only affects their livelihoods but also undermines national
efforts towards achieving sustainable agricultural development and food security.

This paper explored the application of IoT and data-driven solutions in enhancing agricultural
entrepreneurship in rural Nigerian communities, focusing on resource optimisation and market
access. In examining existing initiatives and identifying best practices, the research aims to provide
insights into how these technologies can be effectively implemented to transform rural agriculture.
The central research question guiding this study is: How can IoT and data-driven solutions be
leveraged to optimise resource use and improve market access for agricultural entrepreneurs in
rural Nigerian communities? Addressing this question will contribute to the body of knowledge
on sustainable agricultural practices and inform policy decisions aimed at empowering rural
farmers through technology.

Literature Review

IoT for Agriculture in Nigeria

The integration of the Internet of Things (IoT) into Nigerian agriculture has emerged as a
transformative force, addressing longstanding challenges such as low productivity, inefficient
resource utilisation, and limited market access. IoT technologies, encompassing sensors, data
analytics, and automated systems, offer real-time monitoring and decision-making capabilities that
are crucial for modernising agricultural practices. In a country where agriculture contributes
significantly to the GDP and employs a large portion of the population, the adoption of 10T is
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pivotal for enhancing food security and economic development. One notable application of [oT in
Nigerian agriculture is precision farming, which involves the use of sensors to monitor soil
moisture, nutrient levels, and crop health. For instance, smart irrigation systems equipped with loT
devices enable farmers to apply water efficiently, reducing waste and improving crop yields.
According to a study by the Raw Materials Research and Development Council (RMRDC), "By
using data from IoT sensors, Nigerian farmers can monitor crop conditions, soil health, and
weather patterns in real time, leading to more accurate and timely interventions" (RMRDC, 2024,
p. 3).

In the realm of mechanisation, companies like Hello Tractor have revolutionised access to farming
equipment through IoT-enabled platforms. Hello Tractor connects smallholder farmers with
tractor owners, allowing for the rental of machinery on a pay-per-use basis. This model not only
increases land productivity but also reduces the labour burden on farmers. As reported, "Hello
Tractor, a Nigerian startup, uses loT and data analytics to connect smallholder farmers with tractor
services, increasing land productivity by 200%" (234Intel, 2024, para. 5). Post-harvest losses, a
significant issue in Nigerian agriculture, have also been addressed through IoT solutions.
Companies like ColdHubs and Ecotutu provide solar-powered cold storage facilities equipped with
IoT technology to monitor and maintain optimal storage conditions. These innovations have been
instrumental in reducing spoilage and extending the shelf life of perishable produce. ColdHubs,
for example, operates solar-powered cold rooms that "provide cooling services to small-scale
farmers and fishermen, who rent 20 kg capacity crates to store their products at the hubs that are
available all year round".

The adoption of IoT in Nigerian agriculture is influenced by various factors, including perceived
usefulness, ease of use, and social norms. A study focusing on the Southwest region of Nigeria
applied the Technology Acceptance Model (TAM) to assess farmers' willingness to adopt IoT
technologies. The research found that "loT can help minimise labour, limit water usage, precisely
apply fertilisers and other crop treatments, thereby increasing farm yield" (ResearchGate, 2023, p.
4). However, challenges such as limited technical expertise and infrastructure deficits remain
barriers to widespread adoption.

Government initiatives have played a role in promoting IoT adoption in agriculture. The National
Adopted Village for Smart Agriculture (NAVSA) program, for instance, aims to integrate
technology into farming practices across Nigeria. According to the National Information
Technology Development Agency (NITDA), "One key initiative is the National Adopted Village
for Smart Agriculture (NAVSA) which has engaged 965 farmers in integrating technology into
their farming practices" (NITDA, 2024, para. 2). Such programs are essential for building capacity
and providing the necessary support for farmers to embrace IoT solutions.

Despite the promising developments, several challenges hinder the full-scale implementation of
IoT in Nigerian agriculture. These include inadequate infrastructure, high costs of technology, and
limited awareness among farmers. Addressing these issues requires concerted efforts from both
the public and private sectors to invest in infrastructure, provide training, and develop affordable
IoT solutions tailored to the needs of smallholder farmers.

The application of IoT in Nigerian agriculture holds significant potential for enhancing
productivity, reducing losses, and improving livelihoods. Real-world examples, such as precision
farming, mechanisation services, and cold storage solutions, demonstrate the tangible benefits of
IoT technologies. However, to fully realise these benefits, it is imperative to address the existing
challenges through collaborative efforts, policy support, and targeted investments. By doing so,
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Nigeria can harness the power of [oT to transform its agricultural sector and achieve sustainable
development goals.

IoT for Resource Optimization

The Internet of Things (IoT) has emerged as a transformative force in resource optimisation,
leveraging interconnected devices to enhance efficiency across sectors. IoT enables real-time data
collection and analysis, facilitating informed decision-making in energy, agriculture,
manufacturing, and urban management. Atzori et al. (2010) define IoT as “a paradigm where
objects equipped with sensors, actuators, and processors communicate to achieve common goals”
(p. 2787), underscoring its potential to streamline resource utilisation. In the energy sector, IoT-
driven smart grids exemplify resource optimisation. Germany’s E-Energy initiative integrates loT
to balance renewable energy supply and demand, reducing grid instability. Gungor et al. (2011)
note that “loT enables real-time monitoring and efficient energy distribution, cutting transmission
losses by 15-20%” (p. 15). For instance, Siemens’ lIoT platforms optimise energy consumption in
industrial complexes, demonstrating how data-driven adjustments lower costs and carbon
footprints.

Agricultural IoT applications, such as precision farming, enhance resource efficiency. In the
Netherlands, Smart Farming projects employ soil moisture sensors and drones to optimise
irrigation and fertiliser use. Wolfert et al. (2017) argue that “IoT technologies facilitate data-driven
decisions, boosting crop yields by 20% while conserving water” (p. 70). However, small-scale
farmers often face barriers like high upfront costs, limiting accessibility despite proven benefits.
Manufacturing benefits from IoT through predictive maintenance and waste reduction. Siemens’
Amberg Factory uses IoT sensors to monitor machinery health, slashing downtime by 30% (Lee
et al., 2015, p. 89). Lee et al. (2015) posit that “IoT integration transforms production lines into
adaptive systems, minimising resource waste” (p. 92). Yet, interoperability issues between legacy
systems and new loT frameworks remain a hurdle. Urban IoT initiatives, like Barcelona’s smart
city project, optimise traffic and waste management. Batty et al. (2012) highlight that “IoT
enhances urban resource allocation through real-time data analytics” (p. 502). For example, smart
bins with fill-level sensors reduced waste collection costs by 35%. However, data privacy concerns
and infrastructure gaps, as seen in Rio de Janeiro’s incomplete smart city rollout, reveal systemic
challenges.

IoT implementation faces critical challenges, including cybersecurity risks. Weber (2010) warns
that “IoT systems are susceptible to cyber-attacks, risking resource mismanagement” (p. 112). The
2016 Mirai botnet attack, which disrupted IoT-enabled devices globally, exemplifies
vulnerabilities. Additionally, high deployment costs and energy consumption of loT devices, such
as blockchain-enabled sensors, strain budgets and sustainability goals. Theoretical frameworks
like Checkland’s (1981) systems theory elucidate 10T’s role in resource networks. Checkland
asserts that “systems thinking is crucial for understanding IoT’s interdependencies” (p. 45),
emphasising holistic optimisation. Barabdasi’s (2003) network theory further explains IoT’s
scalability, noting that “connectivity determines resource flow efficiency” (p. 76). These theories
validate Iot’s potential but also caution against over-reliance on complex, failure-prone networks.
IoT significantly enhances resource optimisation across sectors, yet challenges like security, cost,
and interoperability persist. Future advancements must prioritise inclusive access, robust
cybersecurity, and sustainable design. As Batty et al. (2012) assert, “loT’s success hinges on
balancing innovation with ethical and practical considerations” (p. 505).
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Digital Market Access

Digital market access refers to the utilisation of digital tools and platforms to connect agricultural
producers directly with buyers, thereby reducing information asymmetry, transaction costs and
inefficiencies inherent in traditional marketing channels. As Aker and Fafchamps (2013)
demonstrate, “mobile phone coverage reduces spatial producer price dispersion by 6 percent for
cowpea, a semi-perishable commodity” (p.262), illustrating how information technology can
narrow price gaps between remote and central markets. Similarly, Nwangwu et al. (2024) found
that “digital technology holds significant potential for enhancing business efficiency in agricultural
marketing” (p.706), emphasising its role in strengthening smallholder market integration.
Together, these findings highlight that digital market access is not merely about connectivity, but
about fostering transparent, efficient exchange mechanisms that empower rural entrepreneurs.
Digital market access is underpinned by theoretical frameworks that explain how information
flows and technology adoption drive market efficiency. From a transaction-cost perspective,
reducing search and transportation costs through digital information lowers barriers to trade
(IJIRSET, 2022, p.4122). The Technology Acceptance Model (TAM) further suggests that
perceived usefulness and perceived ease of use determine whether actors adopt digital tools (Davis,
1989, p. 319). As TheoryHub (2023) notes, “the use of the information system is determined by
an evaluation of the trade-off between the perceived usefulness of the system and the perceived
difficulty of using it” (p. 13), indicating that platform design must prioritise user-centred simplicity
to achieve widespread adoption. These theories collectively explain why digital market access
interventions succeed when they deliver clear benefits with minimal complexity.

A key manifestation of digital market access in Nigeria is the Government’s e-voucher schemes,
which have transformed subsidy delivery and input procurement. IJIRSET (2022) reports that “in
2011, the Nigerian Federal Ministry of Agriculture and Rural Development started delivering
fertilizer subsidy vouchers to e-wallets on mobile phones; by 2013, they had reached 4.3 million
smallholders nationwide” (p.4123). The subsequent Nigeria Agricultural Payment Initiative
(NAPI) extended this approach, distributing PIN-enabled ID cards that facilitated access to loans
and grants (IJIRSET, 2022, p. 4123). Such programmes not only cut administrative costs—from
US $225-300 per beneficiary to US $22—but also enhanced transparency and accountability in
subsidy allocation, exemplifying how digital market access can be orchestrated at scale through
public policy.

Beyond government schemes, private agritech platforms have proliferated, linking smallholders
directly to investors and off-takers. Akinwale, Oluwole, and Wole-Alo (2023) observe that
“ThriveAgric is user friendly; EZ Farming and Farmcrowdy provide risk assessment scores for
easy monitoring” (p. 65), enabling farmers to secure finance and technical support. These
platforms incorporate features such as activity tracking (AOS), advisory services, and social-media
campaigns to match farmer outputs with market demand. Real-world uptake has been significant:
regions with higher agritech adoption recorded productivity increases of 15-20% (Akinwale et al.,
2023, p.67), demonstrating the tangible benefits of digital market access for entrepreneurial
growth.

Commodity exchanges represent another form of digital market access, offering standardised
trading, price discovery and risk mitigation. The AFEX Commodities Exchange (AFEX ComX)
in Nigeria, launched in 2024, enables smallholders to sell produce through an electronic platform,
ensuring timely payment and reducing post-harvest losses. As reported by Time (2024), AFEX
ComX “has processed over 50,000 transactions worth NGN 2 billion in its first six months,
improving price transparency and farmer incomes” (para. 4). This example shows how institutional
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digital markets can integrate rural producers into national and international value chains, fostering
entrepreneurial resilience.

Digital marketplaces such as Winich Farms exemplify market-driven digital access solutions.
Since its inception in 2020, Winich Farms has “supported Nigerian agricultural value chains
through its digital marketplace, connecting smallholder farmers with processors and retailers”
(GSMA, 2025, para.2). Following a US $3 million Pre-Series A funding round, the platform
expanded its services to include embedded financial products, “Buy Now, Pay Later” solutions
and mobile payments, aiming to onboard 400,000 farmers by end-2025 (Onyeagoro, 2024, para. 7).
Such market-based innovations illustrate how digital platforms can address both market access
and financial inclusion, driving entrepreneurial activity in rural communities.

Despite these successes, barriers to digital market access persist, notably the digital divide and
uneven technology adoption. IJIRSET (2022) warns that “uneven access to ICTs may lead to
uneven gains from digital agriculture” (p.4123), with large farms more likely to adopt
cost-intensive tools. Gender disparities also endure: women are “seven per cent less likely than
men to own a mobile phone and 16 per cent less likely to use mobile internet” in LMICs, limiting
their participation in digital markets (GSMA, 2021, p. 24). TAM insights suggest that enhancing
perceived ease of use through intuitive interfaces and targeted training is crucial to overcoming
these barriers (TheoryHub, 2023, p. 17). Addressing infrastructural, socio-cultural and capacity
constraints remains essential to ensure inclusive digital market access.

Evaluating the impact of digital market access reveals significant gains in efficiency, equity and
resilience. Empirical studies show that platforms reduce price dispersion, increase market
participation and enhance farmer incomes (Aker & Fafchamps, 2013, p.263; Nwangwu etal.,
2024, p.707). Government e-vouchers demonstrate how policy-driven digital tools can deliver
public goods transparently (IJIRSET, 2022, p. 4123). Private and institutional platforms illustrate
scalable business models that empower entrepreneurs and integrate rural producers into value
chains (Akinwale etal., 2023, p. 70; Time, 2024). Going forward, a synergistic approach that
combines robust policy frameworks, user-centred design and capacity building will be key to
maximising the potential of digital market access for agricultural entrepreneurship in rural
Nigerian communities.

Methodology

This study employed a convergent mixed methods approach to investigate agricultural technology
adoption and outcomes in three rural communities within Nigeria’s Savannah zone. Quantitative
data were collected from sixty soil moisture sensors that transmitted hourly readings, providing
real-time environmental monitoring. Additionally, bi-weekly drone flights generated high-
resolution imagery, which was analyzed to calculate vegetation indices reflecting crop health and
growth patterns. Complementing these were mobile app usage logs that recorded farmers’ market
queries and transaction histories, offering insights into digital engagement and economic activity.
To enrich the quantitative findings, qualitative interviews were conducted with thirty farmers and
agripreneurs, focusing on their experiences, challenges, and perceptions regarding the adoption of
agricultural technologies (Oguni, 2021). This qualitative data helped uncover socio-cultural,
infrastructural, and financial barriers to technology use. All data sources were integrated through
a centralized digital dashboard, which facilitated the correlation of input use metrics, such as
irrigation or fertilizer levels with observed sales outcomes, allowing for a holistic assessment of
technology effectiveness and market responsiveness.
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Proposed Framework and Diagrams
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Figure 1. IoT Sensor-Analytics Architecture

Perception Layer: The perception layer represents the foundation of the IoT architecture and is
primarily responsible for sensing and collecting data from the environment. In an agricultural
context, this includes a suite of field-deployed sensors such as soil sensors, weather sensors, and
crop sensors. Soil sensors gather vital metrics such as moisture content, pH level, and temperature,
which are crucial for determining irrigation and fertilization needs. Weather sensors track
environmental factors like rainfall, humidity, wind speed, and ambient temperature to inform
planting schedules and pest management strategies. Crop sensors, on the other hand, monitor plant
growth, chlorophyll levels, and potential stress factors, providing real-time data on crop health.
Collectively, this layer ensures that accurate, continuous, and localized data is captured directly
from the farm.

Network Layer: Once the data is collected by the perception layer, the network layer comes into
play to transmit this information to the processing systems. This layer leverages Low-Power Wide-
Area Network (LPWAN) technology, which is particularly suited for rural and resource-
constrained areas due to its ability to cover long distances with minimal power consumption.
LPWAN facilitates the reliable and energy-efficient transmission of small data packets from
scattered sensors across the farm to centralized servers or edge devices. This layer plays a critical
role in maintaining seamless communication within the IoT system, ensuring that data is delivered
in real-time for immediate processing and analysis.
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Data Processing Layer: At the heart of the system lies the data processing layer, which handles
the interpretation, organization, and storage of the transmitted data. This layer consists of two key
components: edge analytics and a cloud database. Edge analytics allows for preliminary data
analysis near the data source, such as filtering noise, detecting anomalies, or triggering immediate
responses (e.g., switching on irrigation pumps). This reduces latency and bandwidth usage.
Simultaneously, the cloud database offers scalable storage and supports more complex
computations, historical analysis, and machine learning applications. This dual structure ensures
both speed and depth in data handling, enabling robust and informed decision-making.
Application Layer: The application layer is the user-facing component of the architecture,
translating complex analytics into actionable insights for farmers and agripreneurs. It comprises
tools such as an interactive farmer dashboard and a mobile marketplace platform. The dashboard
visually presents information on soil health, weather patterns, crop performance, and
recommended interventions, empowering users with timely and localized knowledge. The mobile
marketplace, meanwhile, connects producers to buyers, displays real-time price data, enables peer
reviews, and facilitates logistics scheduling. Through this layer, the entire IoT system culminates
in practical, on-the-ground support that improves productivity, resource use, and market access for
smallholder farmers.

Resource Optimization Workflow

Data Acquisition

Preprocessing

Decision Support
Algorithms

Feedback
Automated Loop

Irrigation/Fertilization

Figure 2. Resource Optimization Workflow
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Data Acquisition: The first step in the resource optimization workflow is data acquisition, which
involves the systematic collection of information from various sources. In the agricultural context,
this includes environmental data from IoT sensors (soil moisture, temperature, humidity), imagery
from drone flights, and behavioral data such as market queries from mobile applications. This
stage ensures that the system captures a diverse and comprehensive set of variables that influence
farm productivity. The reliability and granularity of data at this stage are critical because they
directly affect the accuracy of all subsequent analysis and decisions.

Preprocessing: Once raw data is acquired, it undergoes preprocessing to clean and organize it for
analysis. This step includes filtering out noise or errors, filling in missing values, and converting
data into formats suitable for analysis (e.g., normalizing sensor readings or translating drone
images into vegetation indices). Preprocessing also includes time-stamping and spatial-tagging
data so that each data point is accurately contextualized. This stage is crucial because it ensures
the integrity and usability of the data, thus laying a strong foundation for effective decision-making
algorithms.

Decision Support Algorithms: At the core of the workflow is the application of decision support
algorithms. These are computational tools and models that analyze the preprocessed data to
produce recommendations or trigger actions. For instance, if soil moisture levels drop below a
certain threshold, the algorithm might recommend irrigation. If vegetation indices suggest poor
crop health, a nutrient application might be advised. These algorithms often employ machine
learning models, rule-based systems, or even Al-driven simulations to account for complex
relationships among variables. The goal is to optimize input use, such as water, fertilizer, and labor,
while maximizing yield and minimizing waste.

Automated Actions and Feedback Loop: The final phase involves executing the decisions
derived from the algorithms, often through automated systems like drip irrigation controllers,
smart fertilizer dispensers, or digital advisories sent to farmers’ devices. A feedback loop is
integrated into the system to monitor the outcome of each action—did irrigation improve soil
moisture as expected? Did yield increase after fertilization? This real-time feedback is used to fine-
tune the system, allowing it to learn and adapt over time. This cyclical process of sensing,
analyzing, acting, and learning is what makes the resource optimization workflow both intelligent
and dynamic.
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Market Access Digital Platform
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Figure 3: Market Access Digital Platform

The Market Access Digital Platform diagram illustrates a technology-enabled interface designed
to connect agricultural cooperatives directly with buyers, enhancing market access and efficiency.
The system is visually represented with a map and interface elements that simulate a user-friendly
digital environment. In the Figure 3, we see cooperatives (marked with blue house icons) located
in rural or semi-rural regions. These are linked to a buyer (marked with an orange shopping cart
icon) via clearly defined routes. The solid blue line and dashed arrow indicate both direct and
alternate paths for logistics coordination, suggesting flexibility in delivery routes. This visual
metaphor conveys how produce or goods flow from producers (cooperatives) to consumers
(buyers) in a streamlined manner. To the left of the map, three blue buttons denote the core
functionalities of the platform: Price Discovery which enables farmers and cooperatives to access
real-time price data across markets to make informed selling decisions; Peer Reviews which allows
users to rate and review trading partners, enhancing trust and transparency within the digital
marketplace; and Logistics Scheduling which provides scheduling tools for transportation and
delivery, ensuring timely movement of agricultural products. Together, this platform reduces
middlemen dependency, increases revenue for smallholders, and improves transparency in
Nigeria’s rural agribusiness supply chains.
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Results and Discussion

Resource Savings: The integration of IoT-driven soil moisture sensors significantly optimized
input utilization in the study communities. As shown in the chart, water use dropped by 21% and
fertilizer application by 18% without compromising crop yield. The sensors provided hourly
feedback on soil conditions, enabling precise irrigation scheduling and nutrient delivery. This
resource efficiency not only reduces operational costs but also aligns with sustainable agricultural
practices vital for dryland farming in Nigeria’s Savannah zone. Qualitative feedback gathered
through interviews revealed that farmers developed greater trust in their decision-making
processes. Many participants demonstrated that receiving real-time alerts and visual cues from the
sensor dashboard helped them avoid both under- and over-application of water and inputs. They
also noted a sense of autonomy and control over field operations, reducing dependency on
guesswork and traditional timing cues. Drone imagery further reinforced these outcomes by
offering visual comparisons of vegetation indices across differently managed plots. High-
resolution NDVI (Normalized Difference Vegetation Index) maps confirmed that optimized input
use resulted in healthier, evenly growing crops. These visual outputs served not only as
confirmation tools but also as training aids for farmer groups adopting data-driven methods.

140+ Impact of Technology on Resource Use, Yield, and Income
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Figure 4: Impact of Technology on Resource Use, Yield and Income

The chart graphically summarizes key changes experienced by farmers after adopting digital tools.
The data reveal a 21% reduction in water use and an 18% decrease in fertilizer application,
confirming the efficiency of sensor-guided irrigation systems. Despite these reductions, crop yields
remained stable, illustrating that optimized inputs did not compromise productivity. Additionally,
a 25% increase in net income reflects improved profitability, largely due to cost savings and better
market access. This visualization reinforces the argument that smart agriculture technologies can
simultaneously enhance sustainability and farmer livelihoods.

Income and Market Outcomes

The digital marketplace platform had a notable impact on farmers' commercial outcomes. Post-
intervention analysis showed a 12% increase in average sale prices and a 15% reduction in post-
harvest losses due to improved logistics coordination. In using GPS-enabled delivery scheduling,
farmers synchronized their harvest and transportation times, avoiding spoilage and delays that
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previously resulted in economic losses. Importantly, farmers who actively used the marketplace
platform experienced a 25% increase in net incomes over a six-month period. This was attributed
not only to higher unit prices but also to increased sales volumes and expanded access to urban
buyers. The peer review system built into the platform helped buyers verify the quality and
reliability of sellers, fostering trust and repeat transactions. Map-based interfaces visualized in the
platform’s dashboard facilitated market visibility and planning. Farmers could identify demand
hotspots and make pricing comparisons in real time, avoiding price suppression by middlemen.
These market linkages created a feedback loop where cooperatives became more responsive to
buyer preferences, further improving income predictability.

Income and Market Outcomes Before and After Technology Use

140
Before Tech
m After Tech
130
120
~ 1101
X
9}
o
8 100
c
[}
I
&
90
80
70
60

Average Sale Price Post-Harvest Loss Net Income

Figure 5: Income and Market Outcomes Before and After Technology Use

The high-resolution bar chart provides a comparative analysis of three key economic indicators
before and after the introduction of digital tools in the studied communities. As shown, average
sale prices increased by 12%, reflecting enhanced bargaining power and access to better-paying
markets. Post-harvest losses decreased by 15%, signifying improved logistics and storage
coordination enabled by the digital platform. Most notably, net income rose by 25%,
demonstrating the cumulative effect of higher prices and reduced losses. These results validate the
platform's impact on agricultural livelihoods and underscore the value of tech-enabled market
access.

Adoption Challenges

Despite the benefits, technology adoption was hindered by systemic barriers. Interviews revealed
that irregular electricity supply limited the functionality of sensor systems and hindered farmers
from consistently accessing mobile platforms. This was especially problematic in regions without
access to backup solar infrastructure, where devices often remained offline during crucial farming
periods. Digital literacy also emerged as a key constraint. While younger farmers adapted quickly
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to mobile apps and dashboards, older participants reported difficulty navigating digital tools. Many
relied on community facilitators or cooperative leaders to interpret platform data and provide
guidance, which occasionally delayed timely decision-making. This digital divide created uneven
benefits across age groups and literacy levels. To mitigate these issues, stakeholders recommended
the deployment of solar-powered hubs in strategic locations and the implementation of localized
training programs. These would include hands-on workshops, peer mentoring, and voice-enabled
interfaces in local languages. Such interventions are crucial for ensuring inclusive access and
sustaining long-term engagement with agricultural technologies.

Conclusion

The integration of Internet of Things (IoT) technologies and data-driven solutions has proven to
be a transformative approach for advancing agricultural entrepreneurship in rural Nigerian
communities. Real-time environmental monitoring and digital platforms enabled farmers to make
precise input decisions, improve efficiency in resource use, and connect directly with broader
markets. The study recorded tangible benefits such as a 21% reduction in water use, an 18%
decrease in fertilizer application, and a 25% increase in net income within six months. These
results affirm the effectiveness of a well-structured IoT system that links sensing, processing, and
actionable insights to support smallholder farmers. Challenges such as unreliable electricity
supply, low digital literacy, and inadequate infrastructure continue to limit the reach and
sustainability of such innovations. Effective solutions will require coordinated efforts from
government agencies, private sector partners, and community organizations to provide solar-
powered hubs, context-specific training programs, and accessible user interfaces. Scaling such
interventions can enhance productivity, improve livelihoods, and reduce vulnerability to climate
and market shocks. This study concludes that IoT and data-driven tools offer a viable and scalable
model for strengthening rural agriculture and fostering long-term, inclusive development in
Nigeria’s agrarian zones.
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