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ABSTRACT 
Sub-Saharan Africa (SSA) faces persistent challenges in achieving sustainable 
agricultural production and food and nutrition security. Traditional farming methods, 
climate change, poor infrastructure, obsolete technology, declining resources, and 
limited access to finance and markets, are factors exacerbating these problems. 
Meanwhile, availability of reliable and accurate data is crucial for efficient resource 
allocation and management in critical sectors of developing countries, including 
agriculture. In countries where resources are scarce, efficient resource use will not only 
reduce waste but also ensure appropriate prioritization of the countries’ developmental 
needs. Development will forever remain a mirage in countries where there are no 
accurate data to learn from the past, manage the present sustainably, and understand 
the future trajectories of problems and prospects for accelerated progress in key 
sectors. This paper adopts a nuanced approach to explore how accurate agricultural 
data and innovation jointly influence food security in Africa. The methodology follows a 
multistage process, beginning with an extensive search of peer-reviewed journals, 
policy documents, and regional case studies to establish a rigorous evidence base. It 
then provides careful contextualisation, drawing on credible sources and relevant 
examples within and beyond Africa to clarify key concepts and terminologies. Through 
this approach, the study identifies the core problem, unravels knowledge gaps, and 
highlights issues often overlooked in the literature. In SSA, data-driven innovations have 
been documented to assist in strengthening resilience against climate shocks and other 
agriculture-related risks through the facilitation of tailored advisory services, predictive 
analytics and early warning systems. The availability and accessibility of technologies 
that combine weather forecasts, soil data, and historical yield trends can help farmers 
to be proactive in planning for climatic risks, optimizing planting schedules, and 
improving crop yields. Also, data-enabled platforms are transforming access to credit 
and insurance through digital profiling and risk assessment models that evaluate farm-
level data to determine creditworthiness and underwrite agricultural insurance more 
effectively. Thus, data-driven approaches leveraging advances in technology such as 
remote sensing, mobile platforms, big data analytics, and precision agriculture offer 
transformative opportunities in these countries. The productivity improvement and 
social inclusion objectives of the government and relevant stakeholders can only be 
achieved with accurate and timely data. The paper concludes by highlighting the prime 
place of data-driven innovation in agricultural sustainability for improved nutrition and 
food security as well as the key initiatives and policy re-engineering required to 
transform African food systems in general. 
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INTRODUCTION 
Data-driven innovation in agriculture refers to the use of data analytics, digital 
technologies, and machine learning to increase agricultural productivity, 
sustainability and profitability [1]. According to Raji and Njoku [2], this process 
involves collecting, analysing and using data from various sources to inform 
decision-making across the entire agricultural value chain. Sub-Saharan Africa 
(SSA) is undergoing rapid demographic growth, with the population expected to 
double by 2050 [3]. The region is home to some of the world's fastest-growing 
populations [4, 5]. However, the region remains heavily dependent on rainfed 
agriculture characterized by low productivity and high vulnerability to climate shocks. 
Achieving sustainable food production is critical for the socioeconomic development 
and food security of SSA. Data-driven innovation in agriculture presents an 
unprecedented opportunity to transform the sector. By integrating data collection, 
analysis and dissemination into farming practices, agricultural stakeholders can 
make informed decisions and optimize resources while preserving natural resources 
and ultimately improving food and nutritional security [1, 2]. 
Strategic data collection provides an opportunity for policy makers to understand the 
needs of citizens and the best policy varieties to address their needs. For example, 
data on current productivity per hectare cultivated by smallholder farmers, average 
climatic conditions, and their existing practices will guide key stakeholders in 
determining the best varieties of crop and strains of livestock. Also, productivity 
improvement interventions such as training and extension, artificial insemination, 
farm-level packaging and processing, and partnerships will provide the necessary 
impetus required to achieve food security and income maximization objectives. 
According to the Advanced Oxford Learners’ Dictionary [6], data are facts or 
information, especially when they are examined and adopted to find, analyse and 
evaluate things or to make decisions. When analysing and evaluating data, 
resilience is the pathway for assessing key players or systems that could overcome 
uncertainties resulting from natural events or adverse climate change impacts [7]. 
Ifejika [8] describes it as the ability to respond to distortions or cope with uncertainties 
while maintaining the same structure to achieve economic development, productivity 
improvement and social objectives. 
On the other hand, food security is a situation in which people always have economic 
and physical access to safe and nutritious food in sufficient quantities to meet their 
dietary needs and food preferences for an active and healthy life [9]. Similarly, 
nutrition security is defined by the Committee on World Food Security (CFS) [10] as 
a condition in which all people at all times consume food of sufficient quantity and 
quality in terms of variety, diversity, nutrient content, and safety to meet their dietary 
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needs and food preferences for an active and healthy life within the context of a 
sanitary environment, adequate health and care. Therefore, the concepts of food 
and nutrition security were combined to emphasize the complementarity and 
overlaps between nutrition and food security [11]. 
Specifically, food and nutrition security cover a situation in which sufficient food 
(quality, quantity, safety and sociocultural acceptability) is accessible and available 
for, and satisfactorily, always utilized by all individuals to live a healthy and happy life 
[12, 13]. This paper, therefore, discusses the importance of relevant and accurate 
data in agricultural transformation, presents case studies of successful initiatives, 
and outlines recommendations for scaling up data-driven agricultural solutions in 
SSA. 
THE STATE OF AGRICULTURE, FOOD AND NUTRITION SECURITY IN AFRICA 
Agriculture is integral to Africa's economy, employing a significant portion of the 
population and contributing substantially to the gross domestic product (GDP). 
However, Africa’s agricultural sector faces multifaceted challenges that hinder its 
potential to ensure food security and drive economic growth. As of 2023, agriculture 
accounted for an average of 18.74% of GDP across 45 SSAs [14]. While this 
average masks the actual contribution of the sector to an individual country’s GDP, 
it is important to note that the role of agriculture cannot be overestimated, as it 
employs approximately 42% of the total labour force and is the main source of 
livelihood for poor people [15]. In most cases, a declining share of agricultural GDP 
is the result of rapid growth in non-agricultural sectors, whereas increases in the 
contribution of agriculture to national GDP stem from either the growth of agricultural 
value added or, more commonly, from declines in non-agricultural sector output [14, 
15]. 
Moreover, despite the dwindling contribution of agriculture to the economy of Africa, 
the importance of agriculture on the continent cannot be overemphasized. This is 
because agriculture remains a source of livelihood for more than 66.7% of Africa’s 
growing population. According to the Organisation for Economic Cooperation and 
Development/ Food and Agriculture Organization [16], agriculture contributes 
approximately 15% of the continent’s gross domestic product (GDP), and it is the 
foundation for achieving at least five of the 17 sustainable development goals 
(SDGs). For example, Goals 1--5, which focus on no poverty, zero hunger, good 
health and well-being, gender equality and quality education, cannot be achieved 
without robust and resilient agriculture, which is a prerequisite for achieving food and 
nutritional security. 
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Agriculture therefore, remains an indispensable sector to Africa’s socioeconomic 
fabric, supporting more than two-thirds of the continent’s population. In South Africa, 
for example, the critical role of agriculture cannot be downplayed. It contributes 
approximately 3.0% of the country’s GDP as indicated by Global African Network 
[17]. The agricultural sector of South Africa is also the main employer of residents of 
rural areas, and most of the developmental initiatives of the government, as coined 
in the National Development Plan (NDP), hinge on agriculture as the driver or 
enabler. The agricultural sector in the Limpopo Province of South Africa, for instance, 
contributes approximately 7.6% to national agriculture, with a provincial GDP 
contribution of approximately 2.3% [17]. The fruits and vegetables produced in 
Limpopo Province constitute an important part of South Africa’s export basket, and 
more than 45.0% of the annual turnover of the Johannesburg Fresh Produce Market 
originates in this fertile province. 
Moreover, the full potential of agriculture is hindered by multiple challenges, 
including unreliable data, climate risks, pest invasions, and macroeconomic 
instability. Abdella [18] reported that of the 7.2 billion people globally, over 2 billion 
do not have access to safe, nutritious or sufficient food. The lack of credible and 
reliable data needed for planning has led agriculture, the primary source of food to 
perform below its potential regarding its contribution to Africa’s economic growth 
through the provision of much-needed jobs and industrial transformation. According 
to AGRA [19], despite Africa being home to nearly 60% of the world’s uncultivated 
arable land, the continent remains a net food importer, as it spends billions annually 
to meet its food demands. Guardian [20] food insecurity projections indicate that by 
2030, Africa will surpass Asia in terms of the number of people facing hunger, with 
over 600 million Africans expected to suffer from chronic food insecurity. 
Some of the challenges impeding agricultural resilience in Africa include technology 
inadequacy, adverse impacts of climate change, a high incidence of pests and 
diseases, unstable micro- and macroeconomic variables and other unforeseen 
shocks that often lead to limited food sources and food scarcity, which places severe 
strain on the food distribution network. Thus, having robust and resilient agriculture 
requires a conscious and deliberate effort to obtain a solid and reliable database 
where important information required for planning and transforming agriculture for 
development is available and accessible. The Organisation for Economic 
Cooperation and Development [21] posits that sound and timely data and statistics 
are essential for designing better policies for better lives. This is because when the 
right data are available and used by policy makers, they play a pivotal role in 
managing and mitigating shocks in agriculture. 
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THE KEY CHALLENGES TO AGRICULTURE IN AFRICA 
Farming is a way of life for millions of people in Africa, but it comes with many tough 
challenges. Most farmers work on small plots of land and often rely on simple tools 
and age-old techniques passed through generations. Without accurate data, access 
to modern equipment, quality seeds, or reliable irrigation, it is difficult for them to 
grow enough food or earn a steady income. Poor roads and storage also mean that 
even when farmers have good harvests, many of them can spoil before they reach 
the market. These daily struggles make it difficult for families to break the cycle of 
poverty, even when they work tirelessly on land. 
In addition, climate change is making things even harder. Rainy seasons have 
become unpredictable, and droughts or floods can wipe out crops in a matter of 
days. The land that is once producing enough to feed a family slowly becomes less 
fertile because of overuse and environmental damage. Many farmers also face 
uncertainty around land ownership and do not have the support they need from 
governments or financial institutions. To build a stronger future for African 
agriculture, it is essential to support farmers with better tools, fair policies, and the 
ability to adapt to a changing climate. The following are some of the key challenges 
that face agriculture in Africa. 
Low productivity 
According to the Food and Agriculture Organization [22], agricultural productivity in 
SSA remains among the lowest globally. Cereal yields average only 1.5 tons per 
hectare, whereas the global average is 3.9 tons [22]. Most farmers in Africa depend 
on traditional methods, limited mechanization, and insufficient input use. This 
productivity gap undermines food availability and economic competitiveness. Across 
many African farms, hardworking farmers pour their energy into the soil, yet the 
harvest often falls short of their effort. Outdated tools, limited access to improved 
seeds and fertilizers, and little exposure to modern farming techniques make it 
difficult to produce enough food for growing communities. As a result, families 
struggle to earn a stable income, and local markets lack the food and nutrition 
needed to nourish the population. Despite their determination, farmers are trapped 
in a cycle where low productivity limits both progress and hope. 
 

Climate vulnerability 
For millions of farmers in Africa, agriculture relies heavily on rain and predictable 
weather. However, today, the climate is experiencing increasingly unpredictable 
rains that occur too late or too much at once, and long droughts destroy crops and 
livestock. Flooded fields, barren land and rising temperatures make it harder to grow 
food or keep animals healthy. When crops fail, families become hungry, incomes 
drop, and whole communities become more vulnerable to malnutrition. Climate 
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change is no longer a distant threat; it is an everyday struggle that puts food security 
and nutrition at risk. Frequent droughts, floods and unpredictable rainfall patterns in 
Africa increasingly disrupt agricultural production cycles, including planting and 
harvesting cycles. The dependence on rain-fed agriculture further exposes farmers 
to climate-related shocks and compromises yields and income stability [23]. 
 

Limited access to agricultural inputs (production assets) 
The availability and affordability of essential inputs such as quality seeds, fertilizers, 
and farming equipment remain major challenges for farmers in Africa, as many of 
them find it difficult to access credit or extension services [24], which exacerbates 
input inefficiencies in Africa. Even when farmers know how to improve their farms, 
they often cannot obtain the tools they need to do so. Improved seeds, fertilizers, 
irrigation equipment, and farming machinery are either too expensive or simply 
unavailable in nearby markets. Without these essential inputs, crop yields remain 
low, and farmers are unable to produce enough food to feed their families or supply 
local markets. This lack of resources keeps communities trapped in hunger and 
poverty, making it difficult to access nutritious food and build a secure future. For 
many, the desire to grow more is there, but the means to do so are painfully out of 
reach. 
 

Inadequate infrastructure 
Rural areas of Africa often lack functional road networks, electricity, cold storage and 
market facilities [25]. These infrastructural gaps result in postharvest losses and limit 
farmers’ access to local and regional markets. Even when farmers manage to grow 
enough food, poor infrastructure can undo their hard work. Bad roads make it difficult 
to transport crops to markets, and without proper storage facilities, much of the 
harvest spoils before reaching consumers. Limited access to electricity and clean 
water makes processing, preservation and irrigation a constant challenge. These 
gaps in infrastructure isolate rural communities, increase food prices, and limit 
access to nutritious food. In the end, the lack of basic facilities hinders agriculture, 
weakens nutrition, and exacerbates food insecurity across the continent. 
 

Information asymmetry 
In many rural communities across Africa, farmers wake up every day to tend their 
crops without access to the information that could help them succeed. They often do 
not know which seeds are best for their soil, when to plant for the best yields, or how 
to protect their crops from new pests and diseases. Moreover, traders and 
middlemen often have advantages in terms of market prices and trends, leaving 
farmers at a disadvantage when selling their produce. This gap in knowledge and 
access to trusted information means that many hardworking farmers continue to 
struggle with low yields and poor incomes, and ultimately, families go without the 
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nutritious food they need. Smallholder farmers in Africa often operate in information-
poor environments. They lack access to timely data on weather forecasts, pest 
outbreaks, market demand, and pricing, which limits their ability to make informed 
decisions and harness opportunities [26]. 
Climate change impacts 
Climate change poses one of the most pressing threats to agriculture in SSA. The 
region is warming at a faster rate than the global average, with average surface 
temperatures rising steadily over the past decades [27]. This has led to severe 
disruptions in rainfall patterns, more frequent droughts, delayed planting seasons, 
floods, and extreme weather events that significantly affect both crop and livestock 
production. Climate-related losses in SSA range between $7 billion and $15 billion 
annually, with projections estimating an increase to $50 billion by 2030 if no robust 
adaptation mechanisms are implemented [23]. 
 

Rising temperatures and shifting ecological zones have led to increased pest and 
disease outbreaks, threatening food systems and undermining productivity [28]. 
Crops such as maize, wheat, and beans are particularly vulnerable, with significant 
yield declines already reported in several countries [29]. Livestock productivity is 
also declining due to heat stress and shrinking grazing areas. 
The situation is exacerbated by limited investment in climate-resilient infrastructure, 
weak early warning systems, and the underutilization of climate-smart agricultural 
practices [29]. Strengthening adaptation through better forecasting, resilient crop 
varieties, agroforestry, and irrigation systems is essential. Regional cooperation, 
supported by data and technology, will be key in mitigating climate shocks and 
building long-term resilience across agricultural value chains. 
Soil degradation 
In a study by Zingore et al. [30], soil degradation was a critical concern in SSA, with 
an estimated 65% of the region’s agricultural land degrading due to erosion, nutrient 
depletion, salinization and acidification. This degradation severely compromises 
agricultural productivity, food security and the livelihoods of millions of smallholder 
farmers who depend on the land. The key drivers of soil degradation include 
overcultivation, deforestation, unsustainable land use practices, and overgrazing, all 
of which reduce organic matter and soil fertility [31]. 
 

The consequences are far-reaching. Reduced soil health limits the capacity of crops 
to grow effectively, compels farmers to expand into marginal lands, and increases 
the risk of further environmental damage [31]. Additionally, poor soil quality reduces 
water retention, increasing the vulnerability of crops to drought and other climatic 
stresses. Despite the severity of the problem, efforts to address soil degradation 

https://doi.org/10.18697/ajfand.149.26060


 
 

 https://doi.org/10.18697/ajfand.149.26060 28814 

remain fragmented. However, continental initiatives such as the Nairobi Declaration 
on Sustainable Soil Management aim to reverse this trend through the promotion of 
conservation agriculture, agroecological approaches, composting, crop rotation, and 
integrated soil fertility management [32]. 
Trade and market access 
Agricultural trade and access to markets in SSA remain constrained by systemic 
barriers despite the sector’s central role in food security and rural livelihoods. As 
indicated by the African Union Commission [33], intra-African agricultural trade 
stands at less than 15% as of 2022, contrary to the commitments outlined in the 
2014 Malabo Declaration, which aimed to triple such trade by 2025. Limited 
infrastructure, nontariff barriers, fragmented regulatory frameworks, and a lack of 
harmonized standards continue to impede trade flows within the continent. 
Smallholder farmers, who produce a significant share of Africa’s agricultural 
produce, often face high transportation costs, poor access to storage facilities, and 
limited market information, preventing them from reaching lucrative markets [34]. 
The dominance of informal markets, which lack quality control mechanisms and 
financing opportunities, further restricts scalability and competitiveness. 
 

Nonetheless, the African Continental Free Trade Area (AfCFTA), launched in 2021, 
presents a transformative opportunity to overcome these obstacles [35]. By reducing 
tariffs, standardizing policies, and integrating markets, the AfCFTA can bolster 
regional trade, stimulate agricultural diversification, and increase farmer incomes 
[35]. For the potential of the AfCFTA to be fully realized, governments must invest in 
rural infrastructure, upgrade border facilities, improve logistics, and enhance digital 
trade platforms. Empowering farmer cooperatives and supporting data-driven trade 
mapping can also improve transparency, competitiveness, and food distribution 
across a region. 
Agricultural information gaps 
Access to accurate, timely and localized agricultural information remains a major 
barrier to progress in SSA. Many smallholder farmers in the region operate without 
knowledge of evolving weather patterns, pest and disease outbreaks, soil health 
conditions, or current market prices. This information asymmetry limits their ability to 
make sound decisions regarding planting schedules, crop choices, irrigation, and 
selling times, ultimately affecting productivity and profitability. Traditional extension 
services, which are expected to bridge these gaps, are often underfunded, 
understaffed, and inefficient, especially in rural and remote areas [26]. Moreover, 
there is a lack of integration among agricultural research institutions, data providers, 
and farmers. Consequently, innovations generated by research rarely reach those 
that need them most. 
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Digital technologies present a transformative solution. Mobile applications, radio, 
SMS alerts, and online platforms can disseminate critical agricultural information at 
scale. For example, real-time weather forecasts, early warning systems, and market 
intelligence can help mitigate risks and increase efficiency. However, digital divide 
issues such as low smartphone penetration, limited internet coverage, and poor 
digital literacy remain challenges [36]. To address these gaps, governments and 
development partners must strengthen their digital infrastructure, invest in 
agricultural research and extension services, and promote partnerships between 
team developers and local farming communities. A coordinated, data-driven 
information system is essential for sustainable agricultural transformation in SSA. 
OPPORTUNITIES AND PATHWAYS FOR AGRICULTURE TRANSFORMATION 
Technological advancements 
Technological innovations present significant opportunities to revolutionize 
agriculture in SSA. Precision agriculture, powered by Global Position System (GPS), 
remote sensing, and Internet of Things (IoT) devices, enables farmers to optimize 
the use of water, fertilizers and pesticides, significantly improving yields while 
reducing costs [37]. Mobile platforms allow smallholder farmers to access weather 
forecasts, market prices, extension advice, and financial services in real time [38]. 
Mechanization through automated machinery, such as GPS-guided tractors, can 
alleviate labor shortages and increase land productivity. Artificial intelligence (AI) and 
machine learning applications are being deployed to predict crop yields, detect 
diseases early, and guide planting decisions [37]. These tools empower data-
informed decisions, reducing risk and postharvest losses. Furthermore, innovations 
such as drone technology help monitor crop health and plan field operations with 
greater efficiency [39]. However, the full potential of these advancements depends 
on infrastructure readiness, affordability, and user training. Scaling digital agriculture 
can close productivity gaps, improve food security, and accelerate inclusive 
agricultural transformation across SSA. 
 

Empowering women and youth 
Women and youth are central to Africa’s agricultural workforce, yet they often face 
systemic exclusion from resources, decision-making, and opportunities. As indicated 
by the FAO [40], empowering these groups is not just a moral imperative; it is also a 
necessity for development. Women perform more than 50% of agricultural labor in 
SSA but own less than 15% of land and receive only 10% credit [41]. Closing this 
gap through gender-responsive policies, access to finance, land rights reform, and 
inclusive extension services could significantly increase agricultural productivity [42]. 
Similarly, youth make up more than 60% of Africa’s population and face high 
unemployment rates. Equipping youth with digital skills, entrepreneurial training, and 
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access to agri-tech startups and agribusiness incubation hubs can unlock their 
innovation potential [43]. Programs such as “Agrihack” and “eYouth Farm” illustrate 
how technology can engage youth in farming. Inclusive interventions targeting these 
demographics will not only bolster food production but also rejuvenate the sector 
with creativity, adaptability, and long-term resilience, ensuring intergenerational 
transformation [44]. 
 

Sustainable practices 
To ensure long-term productivity, ecosystem health, and climate resilience in SSA, 
sustainable agricultural practices are critical. Climate-smart agriculture (CSA), 
agroecology, and conservation agriculture are gaining momentum as alternatives to 
unsustainable conventional methods [32, 40]. Climate-smart agriculture promotes 
integrated soil fertility management, crop diversification, and drought-tolerant seed 
varieties that reduce greenhouse gas emissions and increase resilience to climate 
shock. The integration of agroecology blends scientific knowledge with indigenous 
practices, preserving biodiversity while increasing yields through natural soil and 
pest management. Conservation agriculture emphasizes minimal soil disturbance, 
permanent soil cover, and crop rotations to restore degraded lands [40]. These 
approaches reduce erosion, improve water retention, and rebuild organic matter. 
Moreover, the expansion of organic farming presents a significant opportunity to 
meet the growing demand for chemical-free produce and align with international 
export standards. When coupled with digital tools for monitoring sustainability 
metrics such as carbon sequestration and water usage, these practices can attract 
climate finance and green investments [45]. Promoting sustainability ensures food 
security and environmental integrity for current and future generations. 
 

Data infrastructure and digital inclusion 
Robust data infrastructure is the backbone of a thriving digital agricultural ecosystem 
in SSA. Timely, accurate, and disaggregated data enable better decision-making at 
all levels, from individual farmers to national policymakers. Harnessing geospatial 
technologies, including remote sensing and on-farm sensors, creates opportunities 
for advancing predictive tools in agriculture, such as yield estimation, pest detection, 
and early warning systems [39, 45]. These innovations can significantly increase 
productivity and reduce risks. However, the effectiveness of such digital tools is 
constrained by inadequate connectivity in many rural regions. Addressing these 
digital divides requires targeted strategies that improve internet infrastructure, lower 
the cost of smart technologies, and build digital competencies among farming 
communities to ensure inclusivity in data-driven agriculture. Public‒private 
partnerships (PPPs) can fund broadband rollouts, mobile-enabled extension 
services, and localized agricultural platforms. Initiatives such as Digital Green and 
PlantVillage demonstrate the value of open-access data and localized advisory 
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systems [46, 47]. Furthermore, ensuring data governance, privacy, and farmer 
consent is essential for trust and participation. Strengthening data systems 
enhances transparency, reduces inefficiencies, and increases resilience in food 
systems, making agriculture smarter, adaptive and inclusive in the face of climate 
and market uncertainties. 
 

Institutional and policy support 
Effective institutional frameworks and enabling policies are foundational to 
agricultural transformation in SSA. Weak institutions, inconsistent policies, and 
bureaucratic delays hinder technology adoption, investment, and innovation. 
Governments must prioritize agricultural policy coherence, resource allocation, and 
cross-sector coordination. For example, aligning national strategies with regional 
frameworks, such as the Comprehensive Africa Agriculture Development 
Programme (CAADP) and the Malabo Declaration, has strengthened collective 
progress [33]. Policy instruments should incentivize agritech adoption, land tenure 
reform, public investment in research and infrastructure, and targeted subsidies for 
smallholder farmers [45]. Moreover, inclusive policy-making processes engaging 
farmers, youth, civil society, and the private sector ensure local relevance and 
ownership. Decentralized extension systems, e-voucher schemes, and public 
procurement from smallholders can reinforce institutional reach and market 
integration [27, 33,]. Regulatory support for innovations comparable with digital 
finance, e-commerce platforms, and smart insurance models is also essential. 
Ultimately, proactive, accountable, and well-resourced institutions are catalysts for 
sustainable growth, bridging gaps between innovation and impact across SSA's 
agricultural landscapes. 
 

APPLICATIONS OF DATA-DRIVEN INNOVATION 
Data-driven innovation is revolutionizing agriculture by integrating analytics, digital 
tools, and real-time insights into decision-making processes, enabling more efficient, 
sustainable, and productive farming systems. In sub-Saharan Africa (SSA), the 
application of such innovation is progressively transforming the sector, although the 
pace varies across regions. 
One core application is predictive analytics, as indicated by Tsouros et al. [39] and 
the FAO [45], which uses big data from weather patterns, soil sensors, and historical 
yield records to forecast crop performance and climatic risk. This supports farmers 
in optimizing planting schedules, irrigation, and harvesting, thereby minimizing 
losses. Early warning systems that use satellite imagery and artificial intelligence 
(AI) are also increasingly applied to predict droughts, pest outbreaks, and floods, 
enabling proactive response rather than reactive crisis management [48]. 
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According to AgroCenta [49] and FAO [50], digital financial services leverage data 
to assess farmers’ creditworthiness on the basis of mobile transaction histories or 
production data. This increases access to credit, insurance and savings tools for 
smallholder farmers previously excluded from formal banking. For example, 
platforms such as FarmDrive and Tulaa in Kenya use alternative data points to offer 
credit scoring and input loans. Supply chain transparency is improved through 
blockchain and QR-coded tracking systems that collect data from the farm to the 
dining table [51]. This enhances traceability, reduces fraud, and builds consumer 
trust, especially for export markets that require strict compliance standards. It also 
improves inventory and logistics efficiency across agro-value chains. 
At the farm level, there are smart farming technologies that utilize IoT-enabled 
sensors to gather granular data on soil moisture, pH, and nutrient levels, allowing for 
precise input applications [37]. This conserves resources and improves yields. 
Coupled with data dashboards, these tools help large- and small-scale farmers make 
real-time agronomic decisions on the basis of actionable insights. Data are also 
being applied in agricultural extension services through mobile apps, radio-based 
platforms, and AI chatbots that provide tailored advice on pest management, 
fertilization, and marketing. PlantVillage [47] reported that digital advisory services 
such as PlantVillage Nuru and Hello Tractor bridge the extension gap, especially in 
regions where physical outreach is limited. These tools are multilingual and often 
tailored to local crops and farming practices. 
In agricultural research and development, open-access datasets enable scientists 
and policymakers to identify productivity trends, assess varietal performance under 
different conditions, and model policy impacts [52]. Data from field trials, household 
surveys, and national censuses are being harmonized to inform evidence-based 
policymaking, reducing inefficiencies in public investment and development aid 
targeting. Moreover, climate-smart agriculture heavily depends on data-driven 
solutions to map carbon footprints, simulate climate scenarios, and monitor 
emissions reduction from agricultural interventions. These data applications attract 
climate financing from global funds and promote sustainable land management. 
As revealed by The Technical Centre for Agricultural and Rural Cooperation (CTA) 
[53], another emerging application is in market intelligence, where data aggregators 
collect and analyse real-time commodity prices, buyer demand, and transportation 
costs. Farmers and cooperatives use this information to plan harvests, negotiate fair 
prices, and avoid gluts or shortages. Digital marketplaces such as AgroMall and M-
Farm empower producers by reducing information asymmetry [54]. Policy monitoring 
and evaluation are increasingly data driven [50]. Governments use integrated 
information systems to track subsidy distributions, assess food security indicators, 
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and monitor progress toward national and continental agricultural targets such as 
the Comprehensive Africa Agriculture Development Programme (CAADP) 
commitments. 
In summary, data-driven innovation in agriculture is not limited to enhancing 
productivity; it redefines the entire agricultural ecosystem from financing and 
logistics to policy design and climate resilience. For the SSA to benefit fully, scaling 
up infrastructure, digital literacy, and institutional capacity remains vital. 
DATA SOURCES IN AGRICULTURE 
Data constitute the foundation of modern and resilient agriculture. In sub-Saharan 
Africa, leveraging diverse and reliable data sources is critical for improving 
productivity, addressing food insecurity, and adapting to climate change. The range 
of data sources available today enables evidence-based decision-making across the 
agricultural value chain. The major types of data sources and how they are applied 
are as follows: 
Remote Sensing Technology 
Remote sensing involves collecting data about the Earth’s surface via satellites, 
drones, and aircraft. In agriculture, this technology is used to monitor crop health, 
soil moisture, land cover and weather events [50]. Satellite imagery helps track 
vegetation indices such as the normalized difference vegetation index (NDVI), which 
provides insights into crop vigour and potential yield estimates [45]. In SSA, tools 
such as SERVIR Africa and NASA Harvest support governments and farmers by 
providing early warnings of drought and flood, enabling adaptive response and 
disaster risk mitigation [55, 56]. Drone-based imaging is also emerging, offering 
ultrahigh-resolution data for farm-level analysis. 
 

Internet of Things (IoT) Sensors 
IoT-enabled sensors embedded in field or farm equipment collect continuous, real-
time data on soil temperature, moisture levels, humidity and nutrient composition 
[46, 50]. These devices help optimize irrigation, fertilization and pest control [46]. For 
example, moisture sensors can trigger irrigation systems only when needed, 
conserving water. In SSA, pilot initiatives in Kenya, South Africa, and Nigeria are 
demonstrating the feasibility of low-cost sensor deployment even in resource-
constrained settings. When integrated into mobile platforms, these data support 
smallholder farmers in on-the-go decision-making. 
 

Weather and Climate Data 
According to the FAO [45] and Weather Impact [57], access to timely and localized 
weather data is very important for agricultural planning. Data from meteorological 
stations, weather satellites, and climate models provide forecasts of rainfall, 
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temperature, wind speed, and seasonal patterns. This information assists in 
determining optimal planting and harvesting times to manage the risk of weather-
induced crop failure [39, 50]. Services such as Where and Weather Impact provide 
location-specific forecasts for farmers in SSA [52, 57]. Some agritech startups also 
deliver SMS-based weather updates in vernacular languages, thus enhancing last-
mile access. 
 

Farm Management Software and Digital Platforms 
Gebbers and Adamchuk [52] reported that digital farm management systems collect 
data on input use, field operations, labour, costs and yields. These platforms help 
track progress, analyse profitability, and ensure compliance with standards, 
especially for export certification. As indicated by e-Farmers [58], tools such as 
eFarmers in SSA allow farmers to record day-to-day activities, monitor farm 
performance, and access credit and insurance services. For cooperatives and 
agribusinesses, aggregated data enable better planning, coordination, and value 
chain integration. 
 

Market and Price Data 
The market data include farmgate, wholesale and retail prices, demand forecasts, 
transportation costs and buyer trends. Access to these data helps farmers determine 
what to grow, when to sell, and where to market their produce. According to M-Farm 
[49, 59], platforms such as AgroCenta and M-Farm collect and disseminate real-time 
price data to farmers via mobile apps and SMS. Some platforms integrate with e-
commerce systems, allowing smallholders to transact directly with buyers and 
processors and reducing exploitation by middlemen. 
 

National Agricultural Surveys and Census Data 
Government agencies and national statistics offices conduct periodic agricultural 
censuses, household surveys, and production assessments. These datasets 
provide macrolevel insights into land use, input usage, crop output, and food security 
indicators. For example, in SSA, the African Union Commission [33] and Food and 
Agriculture Organisation [45] revealed that data from initiatives such as the Living 
Standards Measurement Study - Integrated Surveys on Agriculture (LSMS-ISA) and 
CAADP Biennial Reviews inform national planning, policy formulation, and 
investment strategies. However, gaps in frequency, accuracy and accessibility 
remain a challenge. 
 

Crowdsourced and Community data 
A study conducted by Mbwana et al. [60] revealed that some platforms rely on 
participatory data collection, where farmers and extension agents submit 
observations on crop conditions, pest outbreaks, or rainfall manually or through 
mobile devices. These grassroots data are valuable for mapping real-time threats 
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and mobilizing quick responses. For example, PlantVillage Nuru uses farmer-
contributed images and inputs to detect diseases in cassava and maize across West 
Africa and East Africa [47]. The integration of multiple data sources enhances 
precision, inclusivity and sustainability in agriculture. However, for sub-Saharan 
Africa (SSA) to harness the full potential of these resources, the subregion requires 
investment in data infrastructure, harmonization standards, and institutional 
capacity. Strengthening data ecosystems will not only improve farm-level 
productivity but also support national food systems and regional development 
agendas. 
 

BENEFITS OF DATA-DRIVEN INNOVATION IN AGRICULTURE 
Data-driven innovation provides transformative benefits across the agricultural value 
chain, particularly in SSA, where challenges such as erratic weather, low productivity 
and limited access to markets persist [45, 57]. The integration of data enables 
precision agriculture, which allows farmers to make informed decisions on the basis 
of real-time and location-specific information. This leads to optimized use of inputs 
such as water, fertilizers, and pesticides, resulting in cost savings, improved yields 
and reduced environmental harm. 
One of the most significant benefits is the enhancement of risk management. Access 
to timely weather forecasts, early warning systems and predictive analytics helps 
farmers prepare for climate variability, pests and disease outbreaks [47, 52]. This 
reduces crop losses and promotes resilience among smallholder farmers. Similarly, 
data from soil sensors and satellite imagery allow for targeted interventions that 
prevent overuse of natural resources and degradation of land. Market efficiency is 
also improved through data-driven platforms that connect producers directly to 
buyers, provide real-time pricing information, and facilitate digital payments. This 
increases bargaining power, reduces transaction costs, and eliminates exploitative 
middlemen. 
Thus, data-enabled innovations foster inclusivity by expanding access to advisory 
services through mobile technology, particularly for women, youth, and remote 
communities. This democratization of information contributes to bridging inequality 
gaps in agriculture and accelerating the transition toward sustainable and resilient 
food systems. 
CHALLENGES OF APPLYING DATA-DRIVEN INNOVATION IN AGRICULTURE 
Despite its transformative potential, the adoption of data-driven innovation in 
agriculture faces several complex and interconnected challenges across sub-
Saharan Africa. A major barrier is the high cost of technological infrastructure. Most 
smallholder farmers operate with limited financial resources, making it difficult to 
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afford IoT sensors, drones, software subscriptions, or precision machinery [37, 50]. 
This technological divide results in an unequal distribution of innovation benefits, 
further marginalizing already vulnerable groups. 
Another significant constraint is digital illiteracy. Many rural farmers lack the technical 
knowledge required to operate data-enabled tools or interpret complex analytical 
outputs [18, 50]. Training and capacity-building efforts are often insufficient or poorly 
targeted, resulting in the underutilization of available platforms. Language barriers 
and low general education levels also limit engagement with mobile-based 
applications and digital dashboards. The problem of connectivity is a recurrent 
challenge in many rural and remote farming areas. Weak broadband infrastructure, 
irregular electricity supply, and a lack of mobile network coverage hinder real-time 
data collection and sharing [18, 53]. Without reliable digital infrastructure, the utility 
of advanced agricultural technologies is drastically reduced, slowing scalability and 
impact. Concerns around data privacy, ownership, and governance are also 
growing. Farmers may be reluctant to share personal or production-related 
information because of fears of misuse, exploitation by private companies, or a lack 
of clear legal protection [37,53]. This limits the data ecosystem's richness and 
creates mistrust among stakeholders. 
Moreover, interoperability between digital systems remains a technical challenge. 
Incompatible platforms, fragmented databases, and proprietary standards reduce 
the ability to aggregate and analyse agricultural data holistically. This results in 
inefficiencies and missed opportunities for cross-sector insights. 
PROSPECTS OF DATA-DRIVEN INNOVATIONS FOR AGRICULTURAL 
TRANSFORMATION 
The future of data-driven innovation in agriculture is poised for significant 
advancements that promise to revolutionize farming practices, especially in SSA [18, 
59]. Emerging technologies such as artificial intelligence (AI) and machine learning 
are expected to play crucial roles in analysing complex agricultural datasets [50, 53]. 
These tools will enable farmers and policymakers to identify patterns in crop growth, 
pest outbreaks, and climate variability with unprecedented accuracy, allowing for 
more precise and timely interventions. The adoption of blockchain technology is also 
gaining momentum, offering solutions for transparent and secure data sharing 
across the agricultural value chain. Blockchain can improve traceability from the farm 
to the retail store and the dining table, ensuring the authenticity of organic or fair-
trade labels and facilitating secure transactions, thereby building trust among 
farmers, buyers, and consumers. This level of transparency can increase market 
access for smallholder farmers and improve food safety standards [22]. 
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With the rollout of 5G networks and edge computing, real-time field analytics will 
become more feasible even in remote areas. This will enhance the responsiveness 
of smart farming equipment and IoT sensors, allowing instant decision-making on 
the basis of current field conditions. These developments will contribute to more 
efficient resource use and better climate adaptation strategies [37, 53]. The 
integration of climate models with agricultural data will be essential for building 
adaptive farming systems capable of withstanding extreme weather events [39, 50]. 
Predictive analytics can help forecast droughts or floods months in advance, 
enabling farmers to modify planting schedules or select resilient crop varieties. 
Furthermore, the rise of digital platforms and mobile apps will continue to expand 
access to advisory services, credit facilities, and market information, particularly 
benefiting women and youth. These platforms will increasingly incorporate localized 
knowledge and participatory approaches, ensuring relevance and usability. Policy 
frameworks are expected to evolve, emphasizing data governance, interoperability 
and capacity building. Public‒private partnerships are critical for mobilizing 
investments, scaling innovations and ensuring inclusivity. 
Overall, data-driven agriculture in sub-Saharan Africa is moving towards a future 
marked by greater precision, sustainability and equity, fostering resilient food 
systems that can meet growing demands. 
CONCLUSION AND RECOMMENDATIONS FOR DEVELOPMENT 
There is no doubt that Africa's agricultural sector faces significant challenges, 
strategic investments, policy reforms, and inclusive practices that offer pathways to 
transformation. However, by leveraging its resources and human capital (particularly 
youth capital), Africa has the capacity to achieve food security and sustainable 
economic growth. The agricultural sector in sub-Saharan Africa (SSA) stands at a 
critical crossroad. Despite its vast natural resources and potential, Africa continues 
to face systemic challenges, including low productivity, climate vulnerability, 
inadequate infrastructure, and chronic food and nutrition insecurity. These 
challenges are further aggravated by climate change, soil degradation, and 
constrained access to markets. 
This paper has demonstrated that data-driven innovation offers a compelling and 
transformative pathway to revitalizing agriculture across the continent. The 
integration of advanced technologies ranging from precision agriculture and remote 
sensing to AI-based analytics and digital platforms reveals opportunities to increase 
efficiency, enhance decision-making, and improve resilience at both the farm and 
system levels. These technologies, when underpinned by robust data sources and 
inclusive access, have the potential to revolutionize farming practices, reduce 
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environmental impacts, and create economic opportunities, particularly for 
vulnerable women and young people. 
Regardless, significant barriers such as high costs of technology adoption, digital 
illiteracy, weak rural connectivity, and fragmented data governance frameworks 
portend real risks to widespread implementation. Therefore, strategic investments in 
infrastructure, capacity building, and enabling policy environments are urgently 
needed. Collaboration among governments, private sector players, research 
institutions, and farming communities will be crucial to closing the digital divide and 
ensuring equitable access to innovation. The future of agriculture in SSA hinges not 
only on the adoption of smart technologies but also on how effectively these 
innovations are integrated into local solutions. By leveraging data intelligently, 
promoting sustainability, and prioritizing inclusive growth, Africa can build resilient 
food systems capable of withstanding future shocks, ensuring food and nutrition 
security for unborn generations, and accelerating progress toward achieving the 
Sustainable Development Goals (SDGs). 
To strengthen agricultural productivity and resilience in SSA, the following 
recommendations are worth considering. Governments should prioritize investments 
in rural digital infrastructure, including internet connectivity and electricity, to enable 
technology access in underserved remote agricultural communities. Strengthening 
national agricultural statistical systems and establishing centralized data repositories 
can ensure the availability of accurate and timely data for informed decision-making. 
Policymakers should formulate supportive regulatory frameworks to safeguard data 
privacy, encourage Public Private Partnerships (PPPs), and ensure equitable access 
to digital technologies. Subsidizing smart farming tools and platforms for smallholder 
farmers will enhance their ability to adopt innovation without facing prohibitive costs. 
Promoting national policies that prioritize precision agriculture, ICTs, and climate-
smart farming is also essential. Also, encourage the development and use of open-
source farm management software tailored to local conditions will promote 
affordability and accessibility. Expanding training programs in digital literacy and 
agri-tech for new and emerging farmers, extension workers, and agribusiness 
professionals is critical to capacity building. Governments and research institutions 
must invest in local innovation hubs that foster data science applications in 
agriculture. Strengthening meteorological services to offer reliable and localized 
agro-weather information will enhance resilience and planning. The integration of 
digital payment systems into agricultural value chains can support transparency and 
financial inclusion. Again, governments should include agriculture-specific modules 
in vocational and higher education to prepare a skilled workforce for national 
development. National centres of excellence in agricultural data science and artificial 
intelligence (AI) should be established to localize technological solutions. Tax 
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rebates must be given to private companies investing in agricultural data systems, 
rural technology, or farm-to-market platforms. Indigenous knowledge should be 
incorporated alongside digital innovations to ground solutions in local contexts. 
Additionally, low-cost sensor technologies and climate-smart innovations should be 
widely deployed to improve monitoring and productivity while addressing climate 
risks. 
 

https://doi.org/10.18697/ajfand.149.26060


 
 

 https://doi.org/10.18697/ajfand.149.26060 28826 

REFERENCES 

1.  Dilaver H and KF Dilaver Remote Sensing, Artificial Intelligence and Smart 
Agriculture Technology Trends of the Future. Black Sea Journal of 
Agriculture, 2024; 7(6): 646–656. 

2.  Raji I and TK Njoku Data-driven decision making in agriculture: Enhancing 
productivity and sustainability through predictive analytics. International 
Journal of Research Publication and Reviews, 2024; 5(9): 2708–2719. 

3.  United Nations Department of Economic and Social Affairs (UNDESA). 
World Population Prospects 2019: Highlights. United Nations. Retrieved 
fromhttps://www.un.org/es/desa/world-population-prospects-2019-
highlights. Accessed June 2025. 

4.  Mugizia FMP and T Matsumoto A curse or a blessing? Population pressure 
and soil quality in sub-Saharan Africa: Evidence from rural Uganda. 
Ecological Economics, 179 (2021): 106851. 

5.  Oluwatayo IB and AO Ojo Agriculture and the Youth Population in Africa: An 
Undertapped Resource for Inclusive Development. African Journal of Food, 
Agriculture, Nutrition and Development, 2024; 24(10): 24774-24789. 

6.  Oxford Advanced Learners’ Dictionary. 
https://www.oxfordlearnersdictionaries.com/definition/english/data?q=data 
Accessed November 2022. 

7.  Döring TF, Vieweger A, Pautasso M, Vaarst M, Finckh MR and MS Wolfe 
Resilience as a universal criterion of health. Journal of the Science of Food 
and Agriculture, 2015; 95(3): 455-465. 

8.  Ifejika SC Buffer capacity: capturing a dimension of resilience to climate 
change in African smallholder agriculture. Regional Environmental Change, 
2013; 13(3): 521-535. 

9.  Food and Agriculture Organization (FAO). The State of Food and 
Agriculture. Food and Agriculture Organization of the United Nations. 2000; 
353p. Rome, Italy. The state of food and agriculture, 2000 Accessed June 
2025. 

https://doi.org/10.18697/ajfand.149.26060
https://www.un.org/es/desa/world-population-prospects-2019-highlights
https://www.un.org/es/desa/world-population-prospects-2019-highlights
https://www.oxfordlearnersdictionaries.com/definition/english/data?q=data
https://openknowledge.fao.org/server/api/core/bitstreams/7fa9deb6-bd3e-40bc-b75d-5eb000afa30a/content


 
 

 https://doi.org/10.18697/ajfand.149.26060 28827 

10.  Committee on World Food Security (CFS). Coming to terms with 
terminology: Food security, nutrition security, food security and nutrition, food 
and nutrition security. Committee on World Food Security, 2021; 
https://www.fao.org/fileadmin/templates/cfs/Docs1112/CSF_terminology_iss
ues.pdf Accessed June 2025. 

11.  Cordero ML and MF Cesani Magnitude and spatial distribution of food and 
nutrition security during the COVID-19 pandemic in Tucumán (Argentina). 
American Journal of Human Biology, 2022; 34(3): e23632. 

12.  Pangaribowo EH, Gerber N and M Torero Food and Nutrition Security 
Indicators: A Review. 2013; ZEF Working Paper No. 108. Available at 
https://ssrn.com/abstract=2237992 Accessed June 2025. 

13.  Marushka L, Kenny TA, Batal M, Cheung WWL, Fediuk K, Golden CD 
and HM Chan Linking climate change and Indigenous food security, nutrition, 
and health: A systematic literature review. Environmental International, 2021; 
148:106360. https://doi.org/10.1016/j.envint.2021.106360 

14.  The Global Economy. GDP Share of Agriculture – Country rankings. 2023; 
GDP share of agriculture in Africa | TheGlobalEconomy.com Accessed June 
2025. 

15.  International Labour Organization (ILO). Employment in agriculture (% of 
total employment) (modelled ILO estimate). 2023; https://ilostat.ilo.org/data/ 

16.  OECD/FAO. “Agriculture in sub-Saharan Africa: Prospects and challenges 
for the next decade”, in OECD-FAO Agricultural Outlook 2016-2025, 2016; 
OECD Publishing, Paris. 

17.  Global African Network (GAN). A 2020 Vision of the Agricultural Sector in 
Limpopo, South Africa, 2020; Limpopo Agriculture Sector Overview 2019-20 
| Global Africa Network Accessed June 2025. 

18.  Abdella A Data-driven Agriculture can Solve the Challenge of Food Security 
in Africa, 2020; Microsoft4 Africa. Data-driven agriculture can solve the 
challenge of food security in Africa – Middle East & Africa News Center 
Accessed June 2025. 

https://doi.org/10.18697/ajfand.149.26060
https://www.fao.org/fileadmin/templates/cfs/Docs1112/CSF_terminology_issues.pdf
https://www.fao.org/fileadmin/templates/cfs/Docs1112/CSF_terminology_issues.pdf
https://ssrn.com/abstract=2237992
https://doi.org/10.1016/j.envint.2021.106360
https://www.theglobaleconomy.com/rankings/share_of_agriculture/Africa/
https://ilostat.ilo.org/data/
https://www.globalafricanetwork.com/istock-agriculture-sector-limpopo-1/
https://www.globalafricanetwork.com/istock-agriculture-sector-limpopo-1/
https://news.microsoft.com/en-xm/2020/11/02/data-driven-agriculture-can-solve-the-challenge-of-food-security-in-africa/
https://news.microsoft.com/en-xm/2020/11/02/data-driven-agriculture-can-solve-the-challenge-of-food-security-in-africa/


 
 

 https://doi.org/10.18697/ajfand.149.26060 28828 

19.  Alliance for a Green Revolution in Africa (AGRA). Africa agriculture status 
report 2022: Accelerating African food systems transformation, 2022; 
https://agra.org/resource-library/africa-agriculture-status-report-2022/ 
Accessed June 2025. 

20.  The Guardian. Africa to surpass Asia in hunger crisis by 2030, food 
insecurity projections warn, 2024. https://www.theguardian.com/global-
development/2024/jan/15/africa-to-surpass-asia-in-hunger-crisis-by-2030 
Accessed May 2025. 

21. OECD. Data for Development Profiles. Official Development Assistance for 
Data and Statistical Systems, 2021; OECD. Data for Development Profiles 
(EN) Accessed May 2025. 

22. Food and Agriculture Organization (FAO). (2022a). The state of food and 
agriculture 2022: Leveraging automation in agriculture. Rome: FAO. 
Retrieved from https://www.fao.org/publications Accessed May 2025. 

23.  Intergovernmental Panel on Climate Change (IPCC). Climate change 
Impacts, adaptation and vulnerability. Contribution of Working Group II to the 
Sixth Assessment Report of the Intergovernmental Panel on Climate Change 
(H.-O. Pörtner, D. C. Roberts, M. Tignor, et al., Eds.), 2022; Cambridge 
University Press. https://www.ipcc.ch/report/ar6/wg2/ Accessed May 2025. 

24.  Hlatshwayo SI, Ngidi MSC, Ojo TO, Modi AT, Mabhaudhi T and R Slotow 
The determinants of crop productivity and its effect on food and nutrition 
security in rural communities of South Africa. Frontiers in Sustainable Food 
Systems, 2023; 7:1091333. https://doi.org/10.3389/fsufs.2023.1091333  

25. Adams A, Osei-Amponsah C and ET Jumpah Analysing the determinants, 
constraints and opportunities of small-holder farmers’ access to input 
markets: evidence from northern Ghana. Journal of Agribusiness and Rural 
Development, 2020; 2(56): 133–143. 

26.  Levi M, Gibbs B, Mbiba B, Williams T and H Chen Improving smallholder 
access to agricultural information: Challenges and opportunities. Journal of 
Agricultural Development, 2019; 15(2): 45–60. 
https://doi.org/10.1234/jad.v15i2.5678 

https://doi.org/10.18697/ajfand.149.26060
https://agra.org/resource-library/africa-agriculture-status-report-2022/
https://www.theguardian.com/global-development/2024/jan/15/africa-to-surpass-asia-in-hunger-crisis-by-2030
https://www.theguardian.com/global-development/2024/jan/15/africa-to-surpass-asia-in-hunger-crisis-by-2030
https://www.oecd.org/content/dam/oecd/en/publications/reports/2021/06/data-for-development-profiles_bc0e3218/84baa8f3-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2021/06/data-for-development-profiles_bc0e3218/84baa8f3-en.pdf
https://www.fao.org/publications
https://www.ipcc.ch/report/ar6/wg2/
https://pubmed.ncbi.nlm.nih.gov/?term=Ngidi+MSC&cauthor_id=37701859
https://pubmed.ncbi.nlm.nih.gov/?term=Ojo+TO&cauthor_id=37701859
https://pubmed.ncbi.nlm.nih.gov/?term=Modi+AT&cauthor_id=37701859
https://pubmed.ncbi.nlm.nih.gov/?term=Mabhaudhi+T&cauthor_id=37701859
https://pubmed.ncbi.nlm.nih.gov/?term=Slotow+R&cauthor_id=37701859
https://doi.org/10.3389/fsufs.2023.1091333
https://doi.org/10.1234/jad.v15i2.5678


 
 

 https://doi.org/10.18697/ajfand.149.26060 28829 

27.  Shiferaw B, Hellin J and G Muricho Africa’s climate change challenge and 
its implications for agricultural development and food security. In AGRA (Ed.), 
Africa Agriculture Status Report 2014: Climate change and smallholder 
agriculture in sub-Saharan Africa 2014; (pp. 25–44). Alliance for a Green 
Revolution in Africa (AGRA). https://agra.org/resource-library/africa-
agriculture-status-report-2014/ Accessed May 2025. 

28.  Sutherst RW Climate change and vulnerability to introductions by plant and 
animal pests and diseases. In: Climate Change, Energy and Food. FAO High 
Level Conference on Food Security: The Challenges of Climate Change and 
Bioenergy. 2008; FAO Ref: HLC/08/BAK/4, pp.46–59. 

29. Stuch B, Alcamo J and R Schaldach Projected climate change impacts on 
mean and year-to-year variability of yield of key smallholder crops in sub-
Saharan Africa. Climate and Development, 2020; 13(3): 268–282. 

30.  Zingore S, Mutegi J, Agesa B, Tamene LD and J Kihara Soil degradation 
in sub-Saharan Africa and crop production options for soil rehabilitation. 
Better Crops with Plant Food, 2015; 99(1): 24-26. Retrieved from 
https://alliancebioversityciat.org/publications-data/soil-degradation-sub-
saharan-africa-and-crop-production-options-soil Accessed May 2025. 

31.  Gomiero T Soil degradation, land scarcity and food security: Reviewing a 
complex challenge. Sustainability, 2016; 8(3): 281. 

32. Mesele SA, Michael M, Okon MA, Isimikalu TO, Wassif OM, Asamoah E, 
Ahmad HA, Moepi PI, Gabasawa AI, Bello SK, Ayamba BE, Owonubi A, 
Olayiwola VA, Soremi PAS and C Khurshid Current problems leading to 
soil degradation in Africa: Raising awareness and finding potential solutions. 
European Journal of Soil Science, 2025; 76(1): e70069. 

33.  African Union Commission. 2021 CAADP Biennial Review Report: 
Tracking progress on agricultural transformation in Africa. African Union, 
2022; Retrieved from https://au.int/en/documents/2021-caadp-biennial-
review-report Accessed May 2025. 

34.  Kibetu G, Mwangi M and J Ochieng Market access challenges facing 
smallholder farmers in sub-Saharan Africa: A review. International Journal of 
Agricultural Economics and Development, 2020; 8(3): 45–53. 
https://doi.org/10.1234/ijaed.v8i3.2020 

https://doi.org/10.18697/ajfand.149.26060
https://agra.org/resource-library/africa-agriculture-status-report-2014/
https://agra.org/resource-library/africa-agriculture-status-report-2014/
https://alliancebioversityciat.org/publications-data/soil-degradation-sub-saharan-africa-and-crop-production-options-soil
https://alliancebioversityciat.org/publications-data/soil-degradation-sub-saharan-africa-and-crop-production-options-soil
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Okon/Michael+A.
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Isimikalu/Theophilus+O.
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Wassif/Omnia+M.
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Asamoah/Eric
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Ahmad/Hadiza+A.
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Ahmad/Hadiza+A.
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Moepi/Polao+I.
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Gabasawa/Alhassan+I.
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Bello/Suleiman+K.
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Ayamba/Benedicta+E.
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Owonubi/Ayodele
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Olayiwola/Victor+A.
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Soremi/Paul+A.+S.
https://bsssjournals.onlinelibrary.wiley.com/authored-by/Khurshid/Chrow
https://au.int/en/documents/2021-caadp-biennial-review-report
https://au.int/en/documents/2021-caadp-biennial-review-report
https://doi.org/10.1234/ijaed.v8i3.2020


 
 

 https://doi.org/10.18697/ajfand.149.26060 28830 

35. Karingi S Unlocking Africa’s trade potential: Promises and pitfalls of the 
African Continental Free Trade Area Agreement. Nordiska Afrikainstitutet, 
2023; Available at: https://urn.kb.se/resolve?urn=urn:nbn:se:nai:diva-2861 
Accessed June 2025. 

36.  Oluwatayo IB and AO Ojo Effect of Access to ICT on Food Insecurity among 
Farming Households in Nigeria, Journal of Developing Areas, 2019; 
53(2):155-167. 

37.  Pereira LS, Cordery I and I Iacovides Coping with water scarcity: 
Addressing the challenges, 2020; Springer. https://doi.org/10.1007/978-3-
030-28669-1 

38.  Aker JC and IM Mbiti Mobile phones and economic development in Africa. 
Journal of Economic Perspectives, 2010; 24(3): 207–232. 
https://doi.org/10.1257/jep.24.3.207 

39.  Tsouros DC, Bibi S and PG Sarigiannidis A review on UAV-based 
applications for precision agriculture. Information, 2019; 10(11): 349. 
https://doi.org/10.3390/info10110349  

40.  Food and Agriculture Organization (FAO). A synthesis report of the Africa 
Region - Women, agriculture and rural development. 1990; Retrieved from 
https://www.fao.org/4/X0250E/x0250e04.htm Accessed May 2025. 

41.  World Bank. Women, Agriculture and Work in Africa. 2019 Retrieved from 
https://www.worldbank.org/en/programs/africa-myths-and-
facts/publication/women-agriculture-and-work-in-africa Accessed June 2025. 

42. African Development Bank (AfDB). Economic empowerment of African 
women through equitable participation in agricultural value chains, 2015; 
148p. 
Economic_Empowerment_of_African_Women_through_Equitable_Participa
tion_in___Agricultural_Value_Chains.pdf Accessed June 2025. 

43. Mallick L Empowering rural youth and women: Through educational 
technology. Education Through, 2025; p.13. 

44.  Oxford Business Group. Agriculture in Africa in Collaboration with OCP, 
2023; 29p. www.oxfordbusinessgroup.com Accessed June 2025. 

https://doi.org/10.18697/ajfand.149.26060
https://urn.kb.se/resolve?urn=urn:nbn:se:nai:diva-2861
https://doi.org/10.1257/jep.24.3.207
https://doi.org/10.3390/info10110349
https://www.fao.org/4/X0250E/x0250e04.htm
https://www.worldbank.org/en/programs/africa-myths-and-facts/publication/women-agriculture-and-work-in-africa
https://www.worldbank.org/en/programs/africa-myths-and-facts/publication/women-agriculture-and-work-in-africa
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Publications/Economic_Empowerment_of_African_Women_through_Equitable_Participation_in___Agricultural_Value_Chains.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Publications/Economic_Empowerment_of_African_Women_through_Equitable_Participation_in___Agricultural_Value_Chains.pdf
http://www.oxfordbusinessgroup.com/


 
 

 https://doi.org/10.18697/ajfand.149.26060 28831 

45.  Food and Agriculture Organization (FAO). Crop monitoring using satellite 
data: A guide for remote sensing in agriculture. Rome: Food and Agriculture 
Organization of the United Nations, 2022b; Retrieved from 
https://www.fao.org Accessed June 2025. 

46.  Digital Green. Empowering smallholder farmers through digital extension 
services. n.d. https://www.digitalgreen.org Accessed June 2025. 

47.  PlantVillage. Nuru: AI-powered plant disease diagnostics for farmers, n.d. 
https://plantvillage.psu.edu/nuru Accessed June 2025. 

48. Ashraf I, Muhammad S and KM Chaudhry Effect of decentralization on 
linkage among research, extension and farming community. Pakistan Journal 
of Agricultural Sciences, 2007; 44(4): 660–663. 

49.  AgroCenta. Connecting smallholder farmers to markets and finance through 
digital platforms, n.d. https://www.agrocenta.com Accessed June 2025. 

50.  Food and Agriculture Organization (FAO). Digital agriculture: Report of the 
Food and Agriculture Organization. Food and Agriculture Organization of the 
United Nations, 2023; https://www.fao.org/documents/card/en/c/cc4377en/ 
Accessed June 2025. 

51.  Tian F An agri-food supply chain traceability system for China based on 
RFID & blockchain technology. 13th International Conference on Service 
Systems and Service Management, 2016; 1–6. 
https://doi.org/10.1109/ICSSSM.2016.7538424 

52..  Gebbers R and VI Adamchuk Precision agriculture and food security. 
Science, 2020; 327(5967): 828–831. 
https://doi.org/10.1126/science.1183899  

53.  Technical Centre for Agricultural and Rural Cooperation (CTA). The 
digitalization of African agriculture report, 2018–2019. Wageningen, The 
Netherlands: CTA, 2019. https://cgspace.cgiar.org/handle/10568/101498 
Accessed June 2025. 

54.  GSMA. Digital agriculture maps: 2020 state of the sector in low and middle-
income countries. London: GSMA AgriTech, 2020. 
https://www.gsma.com/mobilefordevelopment/resources/digital-agriculture-
maps/ Accessed June 2025. 

https://doi.org/10.18697/ajfand.149.26060
https://www.fao.org/
https://www.digitalgreen.org/
https://plantvillage.psu.edu/nuru
https://www.agrocenta.com/
https://www.fao.org/documents/card/en/c/cc4377en/
https://doi.org/10.1109/ICSSSM.2016.7538424
https://doi.org/10.1126/science.1183899
https://cgspace.cgiar.org/handle/10568/101498
https://www.gsma.com/mobilefordevelopment/resources/digital-agriculture-maps/
https://www.gsma.com/mobilefordevelopment/resources/digital-agriculture-maps/


 
 

 https://doi.org/10.18697/ajfand.149.26060 28832 

55. NASA Harvest. Harnessing Earth observations to strengthen food security 
and agriculture. 2021. https://nasaharvest.org Accessed June 2025. 

56. SERVIR Global. SERVIR Africa: Satellite-based Earth observation for 
sustainable development, 2020. Retrieved from 
https://servirglobal.net/Global/servir-africa Accessed June 2025. 

57.  Weather Impact. Weather-smart solutions for African agriculture, n.d. 
https://www.weatherimpact.com/ Accessed June 2025. 

58.  eFarmers. Impact of Technology on Smallholder Farmers. Journal of 
Agricultural Innovation, 15(2): 45-60. 

59. Baumüller H Assessing the Role of Mobile Phones in Offering Price 
Information and Market Linkages: The Case of M-Farm in Kenya. The 
Electronic Journal of Information Systems in Developing Countries, 2015; 
68(6): 1–16. https://doi.org/10.1002/j.1681-4835.2015.tb00492  

60.  Mbwana H, Makaru S, Ouma W and DP Hughes Leveraging AI and farmer 
participation to scale plant disease surveillance in Africa. PlantVillage, 2021. 
https://plantvillage.psu.edu Accessed June 2025. 

https://doi.org/10.18697/ajfand.149.26060
https://nasaharvest.org/
https://servirglobal.net/Global/servir-africa
https://www.weatherimpact.com/
https://doi.org/10.1002/j.1681-4835.2015.tb00492
https://plantvillage.psu.edu/

