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ABSTRACT

Agriculture remains the cornerstone of East Africa’s economy, yet persistent challenges such as low productivity,
climate variability, post-harvest losses, and fragmented value chains hinder its growth. Artificial Intelligence (AI)
offers transformative potential to address these issues through data-driven innovations such as precision farming,
crop health monitoring, yield prediction, smart irrigation, and pest detection. This review examines the current
landscape of Al adoption in East African agriculture, focusing on its applications, benefits, limitations, and future
prospects. It highlights how Al is gradually being integrated into farming systems through mobile applications,
drone technologies, and machine learning algorithms, particularly benefiting smallholder farmers. Despite
promising developments, barriers such as inadequate digital infrastructure, low digital literacy, high technology
costs, and regulatory gaps impede widespread implementation. The study underscores the importance of strategic
investments, capacity building, and policy support, while advocating for public-private partnerships, youth
engagement, and the incorporation of indigenous knowledge. By evaluating the opportunities and challenges of AI-
driven agriculture in East Africa, this review provides actionable recommendations to foster inclusive, resilient, and
sustainable agricultural transformation aligned with the region’s socio-economic and environmental realities.
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INTRODUCTION
Agriculture is the backbone of East Africa’s economy, employing over 60% of the population and contributing
significantly to national GDPs across the region [17. Countries such as Kenya, Uganda, Tanzania, Rwanda, Burundj,
and Ethiopia depend on agriculture not only for food production and rural employment but also for foreign exchange
earnings through exports like coffee, tea, flowers, and horticultural produce. Despite this central role, the
agricultural sector in East Africa continues to grapple with longstanding structural and operational challenges that
hamper productivity and sustainability [27]. Smallholder farmers dominate agricultural production in East Africa.
These farmers often operate on plots of less than two hectares and rely heavily on traditional farming methods, rain-
ted agriculture, and manual labor [37. Limited access to accurate weather data, timely agronomic advice, quality
seeds, fertilizers, pesticides, and efficient irrigation systems impedes their ability to optimize yields. Furthermore,
fragmented value chains, post-harvest losses, inadequate extension services, and fluctuating market prices contribute
to persistent poverty and food insecurity in rural areas [4]. Compounding these issues are the increasing effects of
climate change, which manifest as erratic rainfall, prolonged droughts, and the spread of pests and diseases. The
2019-2020 desert locust invasion, for example, devastated crops across the Horn of Africa, highlighting the
vulnerability of agricultural systems in the face of environmental shocks. Moreover, the COVID-19 pandemic
exposed weaknesses in food distribution networks and underlined the urgent need for digital transformation in
agriculture [57]. In this context, Artificial Intelligence (AI) emerges as a promising technological tool to
revolutionize agriculture in East Africa. Al encompasses a broad range of technologies, including machine learning
(ML), computer vision, robotics, and natural language processing (NLP) [67. These tools enable the analysis of vast
amounts of agricultural data to generate actionable insights, automate processes, and support real-time decision-
making. Globally, Al-driven solutions are transforming agriculture through precision farming, crop monitoring,
automated irrigation, pest detection, and yield prediction. In East Africa, the integration of Al into agriculture is
gaining momentum, fueled by increasing mobile phone penetration, internet connectivity, digital innovation hubs,
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and the rise of agritech startups [77]. For example, mobile applications such as iCow (Kenya), M-Farm (Kenya), and
AgroCenta (Ghana, with expanding reach) provide real-time agricultural advice, market prices, and weather updates
to farmers via SMS or smartphone interfaces. Other Al-powered platforms are beginning to offer drone surveillance,
satellite-based crop health monitoring, and Al-enabled advisory services in local languages. Despite these promising
developments, the adoption of Al in East African agriculture remains limited and uneven. Several barriers hinder
widespread implementation, including inadequate digital infrastructure in rural areas, low levels of digital literacy
among farmers, high costs of Al technologies, and lack of supportive policy frameworks [87]. Moreover, there are
concerns around data ownership, privacy, and ethical use of Al that must be addressed to foster trust and inclusivity.
The agricultural sector in East Africa is at a critical juncture, where the need for increased productivity must align
with environmental sustainability and resilience to climate change. Conventional methods are no longer sufficient
to meet the demands of a rapidly growing population and the challenges posed by global warming. Technological
innovations, particularly Al, present a viable pathway toward a more efficient, productive, and sustainable
agricultural system [97].
AT applications in agriculture are capable of solving many of the region’s persistent problems. Machine learning
algorithms can analyze historical and real-time data to predict crop yields and detect anomalies in soil conditions
[107]. Computer vision technologies can identify pests and diseases from images of crop leaves, enabling early
intervention. NLP tools can disseminate timely farming information in local languages through chatbots and voice
assistants. Robotics and automation can improve efficiency in weeding, harvesting, and irrigation.
Given the mounting evidence of Al's transformative potential in other parts of the world, it is imperative to explore
how these technologies can be tailored to the unique socio-economic, environmental, and technological contexts of
East Africa [117]. This study seeks to investigate the integration of Al into East African agriculture and to propose
smart farm solutions that are scalable, inclusive, and contextually relevant.
Despite agriculture’s central role in the East African economy, the sector remains plagued by inefficiencies and
vulnerabilities that threaten food security, farmer livelihoods, and national development [127. The lack of timely
information, inadequate infrastructure, and limited technical support for farmers are major impediments to growth.
While Al has the potential to address these issues, its application in East Africa is still nascent.
Key problems include the absence of localized Al solutions, inadequate training for farmers and extension workers,
insufficient funding for research and development, and policy gaps that hinder innovation [1387. Furthermore, digital
divide issues—such as gender disparities in technology access and rural-urban inequalities—undermine the
equitable deployment of Al in agriculture.
Without strategic investments, capacity building, and supportive ecosystems, East Africa risks falling behind in the
global digital agricultural revolution. There is a need to investigate how Al can be harnessed effectively to overcome
these challenges and create smart, data-driven farming systems in the region [147]. This study aims to evaluate the
adoption and impact of artificial intelligence (Al) in agriculture across East Africa, with a focus on smallholder
farming systems. The specific objectives include assessing the current state of Al usage in agriculture, identifying
opportunities and challenges related to smart farming solutions, examining applicable Al innovations for
smallholders, and recommending strategies to enhance Al integration through policy, education, infrastructure, and
partnerships. To guide the research, key questions will explore the level of Al awareness and adoption among
stakeholders, barriers to implementation, ways to tailor Al solutions to local needs, and strategies for inclusive and
sustainable Al deployment. The study is significant because it fills a research gap on the role of emerging
technologies in transforming agriculture in low- and middle-income regions. Its findings will inform policymakers,
development agencies, and technology providers, ensuring Al investments align with the realities of smallholder
farmers, who form the backbone of agriculture in East Africa. Additionally, it emphasizes the importance of digital
literacy, education, and collaborative efforts among governments, academia, industry, and civil society in building
Al readiness. The research also supports broader sustainable development goals, particularly SDG 2 (Zero Hunger),
SDG 9 (Industry, Innovation, and Infrastructure), and SDG 13 (Climate Action), by highlighting how Al can drive
agricultural transformation and resilience in one of the world’s most food-insecure regions.

Applications of Al in East African Agriculture
The specific objectives of Al applications in East African agriculture focus on enhancing productivity, efficiency, and
sustainability. Al technologies support precision farming by leveraging satellite imagery and drones for real-time
crop and soil health monitoring. For instance, IBM’s Watson Decision Platform in Kenya helps farmers make timely
decisions based on Al-driven insights into weather, soil, and crop conditions. In pest and disease detection, computer
vision and deep learning algorithms diagnose plant issues early, enabling timely interventions. Uganda’s Nuru app,
powered by TensorFlow, allows farmers to detect diseases in cassava, maize, and potatoes via smartphone images.
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Yield prediction is another critical area where Al models analyze weather patterns, soil data, and historical trends
to forecast harvest outcomes. This aids in planning and food security amid climate unpredictability [157. Al also
enhances water efficiency through smart irrigation systems that automate watering schedules using sensor and
weather data. In Tanzania, such solutions are being tested in arid zones to improve water use.
Livestock management benefits from Al through wearable sensors and algorithms that monitor animal health and
behavior. In Rwanda, Al systems are being used to improve dairy cattle management, boosting milk yields and
reducing mortality. Finally, Al facilitates market access and price forecasting by providing real-time market data.
Platforms like M-Farm and Hello Tractor empower farmers with pricing insights and enable equipment sharing,
improving profitability. Collectively, these Al-driven innovations aim to transform agriculture across East Africa,
addressing challenges such as food insecurity, climate variability, and limited resources through data-driven, timely,
and scalable solutions.
Challenges in Implementing Al in East African Agriculture
The implementation of Artificial Intelligence (Al) in East African agriculture faces several significant challenges
that hinder its widespread adoption and effectiveness. A major obstacle is the limited infrastructure in rural areas,
where many smallholder farmers operate without reliable internet, electricity, or adequate data collection systems
[167]. This lack of infrastructure makes it difticult to deploy and sustain Al technologies. Another critical challenge
is data scarcity and quality; Al systems require large, accurate, and well-organized datasets for training and
operation. However, in East Africa, agricultural data is often fragmented, outdated, or not digitized, limiting the
potential of Al applications. Furthermore, low digital literacy among smallholder farmers poses a barrier, as many
lack the necessary education and technical skills to effectively use Al tools without external assistance. High costs
associated with Al-enabled technologies, including sensors, drones, and software, further complicate adoption,
particularly for small-scale farmers with limited financial resources. Additionally, the region suffers from policy and
regulatory gaps—there is an absence of comprehensive legal frameworks addressing data privacy, ethical standards,
and interoperability in agricultural Al. This regulatory uncertainty can discourage investment and slow innovation.
Addressing these challenges requires coordinated efforts to improve infrastructure, enhance data collection and
management systems, promote digital literacy through farmer training programs, develop cost-effective Al
solutions, and establish supportive policies and regulations. Only by overcoming these barriers can East Africa fully
harness the transformative potential of Al in agriculture to improve productivity, sustainability, and food security
in the region [17].
Opportunities and Future Directions
This section outlines specific objectives focusing on the opportunities and future directions for integrating Artificial
Intelligence (Al) into agriculture across East Africa. One key objective is leveraging the region’s high mobile phone
penetration to deliver Al-powered mobile applications. These apps can provide farmers with real-time agricultural
advice, weather alerts, and market information in local languages, enhancing accessibility and relevance. Another
objective emphasizes the importance of fostering public-private partnerships involving governments, academic
institutions, startups, and international organizations. Such collaborations are critical for driving Al innovation,
building technical capacity, and scaling successful initiatives. Additionally, integrating Al with indigenous farming
knowledge is identified as a vital goal [187. This fusion ensures that Al solutions are not only technologically
advanced but also culturally appropriate and locally meaningful. The growing population of young people and the
rise of innovation hubs like iHub in Kenya and Outbox Hub in Uganda present a unique opportunity to support
youth-driven Al agribusiness ventures. Encouraging young entrepreneurs to engage with Al can stimulate
creativity, employment, and rural development. Finally, another objective focuses on enhancing climate resilience.
Al tools can forecast weather and climate-related risks, enabling farmers to make informed decisions about planting
and harvesting, thus mitigating the adverse effects of climate change. Collectively, these objectives aim to harness
Al's transformative potential to support sustainable agricultural development, improve livelihoods, and foster
innovation in East Africa’s agricultural sector.
Strategic Recommendations
To effectively harness the transformative potential of artificial intelligence (Al) in agriculture, several strategic
objectives must be pursued. First, investing in digital infrastructure is essential, particularly in rural areas where
agricultural activities are concentrated [197. Expanding internet connectivity, deploying sensor networks, and
establishing regional data centers will enable real-time data collection and improve decision-making at the farm
level. Secondly, developing local datasets through open data platforms is critical for enhancing collaboration and
knowledge sharing among institutions, ensuring that agricultural solutions are based on context-specific insights.
Third, capacity building should be prioritized by training farmers, extension workers, and researchers in Al tools,
data management, and interpretation to bridge the skills gap and empower stakeholders to adopt Al innovations

59
This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.


http://www.iaajournals.org/

www.laajournals.org Abaho
effectively. Fourth, promoting inclusive policy frameworks is necessary to guide the ethical and equitable use of Al
in agriculture. This includes formulating national Al strategies that emphasize inclusivity, address potential biases,
and support technological innovation while ensuring that marginalized communities are not left behind. Finally,
supporting research and development is crucial for long-term success. Governments and stakeholders should
encourage universities and research institutions to actively participate in the creation, testing, and adaptation of Al
technologies tailored to local agricultural challenges. Collectively, these objectives aim to foster an enabling
environment that supports sustainable agricultural development, enhances productivity, and builds resilience
against climate variability and other systemic challenges [207]. Through coordinated implementation of these
recommendations, Al can become a powerful driver of socio-economic transformation in the agricultural sector.
CONCLUSION
Artificial Intelligence (AI) holds immense promise for revolutionizing agriculture in East Africa by addressing long-
standing challenges such as low productivity, climate vulnerability, limited access to information, and market
inefficiencies. By enabling precision farming, early pest and disease detection, smart irrigation, and yield prediction,
Al-driven technologies offer practical, scalable solutions tailored to the region’s smallholder-dominated farming
systems. However, to fully realize this potential, East Africa must overcome significant barriers including limited
digital infrastructure, low digital literacy, high costs, and policy gaps. Strategic investments in infrastructure,
localized data development, inclusive policies, and capacity building are essential to create an enabling ecosystem.
Furthermore, public-private partnerships, youth engagement, and integration of indigenous knowledge can drive
sustainable innovation. As global demand for food rises and climate change intensifies, Al offers a timely opportunity
to build resilient, productive, and inclusive agricultural systems. With coordinated efforts from governments,
researchers, and development partners, Al can be a catalyst for food security, rural development, and economic
transformation across East Africa.
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