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ABSTRACT

The agricultural sector remains a cornerstone of Africa’s economic stability, contributing significantly to employment,
food security, and overall GDP. However, Africa's agro-commerce ecosystem faces multiple challenges that hinder its
growth, including inefficiencies, vulnerability to climate change, and increasing exposure to digital and cyber risks
(FAO, 2020). As the sector increasingly adopts digital technologies to enhance productivity and market access, the
risks associated with cyber threats, data breaches, and system vulnerabilities have escalated (Munyua, 2021). At the
same time, artificial intelligence (Al) has emerged as a transformative tool for optimizing agricultural processes,
improving decision-making, and fostering sustainability (Gommes et al., 2021).

This paper explores the integration of Al and cybersecurity as complementary safety nets for Africa’s agro-commerce
ecosystem, addressing how these technologies can mitigate risks and drive the sector’s digital transformation. While
Al has demonstrated significant potential in improving agricultural yields, managing supply chains, and predicting
climate patterns, its deployment in the African context remains hindered by limited infrastructure, inadequate policy
frameworks, and skills gaps (Hollander et al., 2020). Concurrently, cybersecurity remains a critical concern, as data
privacy issues, fraud, and cyberattacks continue to undermine the security of digital platforms in agriculture (Nguyen
etal., 2022).

Through a synthesis of existing literature, including scholarly articles, case studies, and expert interviews, this research
examines the intersection of Al and cybersecurity in the agro-commerce sector. The findings highlight the need for a
holistic approach that integrates both technologies, ensuring that Al-driven agricultural innovations are implemented
within secure, resilient systems. The paper also explores strategic approaches for overcoming the barriers to Al
adoption and cybersecurity in African agro-businesses, proposing policies and solutions that can strengthen the
ecosystem’s digital infrastructure. The research concludes by providing actionable recommendations for governments,
agribusinesses, and technology providers to collaborate in fostering a secure and efficient agro-commerce ecosystem
that can thrive in the digital age.

Keywords: Artificial Intelligence, Cybersecurity, Agro-Commerce, Africa, Agricultural Data Protection, Al In
Agriculture, Digital Transformation.

1. INTRODUCTION

Agriculture remains one of the key sectors driving economic growth and social development across Africa,
contributing significantly to food security, employment, and overall GDP. Over 60% of Africa's population depends
on agriculture for their livelihoods, with smallholder farming representing a major segment of agricultural activities
(World Bank, 2021). The sector's contribution to the continent’s economic stability, however, faces numerous
challenges, such as inefficient agricultural practices, underdeveloped infrastructure, limited access to financial
resources, and vulnerability to climate change (FAO, 2020). As the global economy becomes increasingly digital, the
agricultural sector in Africa is undergoing a significant transformation, driven by the integration of digital tools and
technologies aimed at improving productivity and efficiency—what is often referred to as "agro-commerce" (Davis &
Wanjiru, 2020).

In Africa, the concept of agro-commerce revolves around the digitization of agricultural processes such as supply
chain management, crop monitoring, market access, and data management. The aim is to increase efficiency, optimize
resource utilization, and connect farmers and markets more effectively. However, this digital transformation also
introduces several challenges, particularly regarding the increased risks associated with cybersecurity. E-commerce, as
a core driver of agro-digitalization, has also been recognized as a pathway for enhancing food security, especially in
developing economies where traditional market access is limited (Adeborode & Owoigbe, 2025). The rapid adoption
of digital technologies in the agricultural sector exposes agribusinesses and smallholder farmers to the threat of
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cyberattacks, data breaches, and other security vulnerabilities that can undermine the potential benefits of these
technologies (Binns et al., 2021).

Problem Statement and Research Question

As Al-driven innovations become more prevalent in African agriculture, cybersecurity concerns are emerging as a
significant barrier to the full realization of digital transformation. While Al has the potential to revolutionize
agriculture by enhancing productivity, improving decision-making, and enabling predictive analytics for better
resource management, the growing reliance on digital systems and data-intensive applications brings with it risks such
as hacking, data theft, and system outages (Nguyen et al., 2022). This is particularly concerning for African nations
where digital infrastructures are often underdeveloped, cybersecurity policies are weak, and the agricultural sector’s
reliance on technology remains limited.

Given these challenges, the central research question of this study is: How can Al and cybersecurity be integrated
to safeguard Africa’s agro-commerce ecosystem while enhancing its overall efficiency and resilience? This
question explores the potential for Al and cybersecurity to work in tandem as tools not only to optimize agricultural
processes but also to mitigate the risks that accompany the digitization of the sector. Understanding this integration is
critical to ensuring that Africa’s agro-commerce ecosystem can embrace technological advancements without
compromising the security and safety of digital agricultural systems.

Research Gap

Although significant research has been conducted on the individual applications of Al and cybersecurity in various
sectors, limited attention has been given to their combined impact in the specific context of African agriculture.
Studies on Al in agriculture predominantly focus on enhancing productivity through innovations such as precision
farming, data analytics, and machine learning (Gommes et al., 2021). However, these studies often overlook the
critical issue of data protection and cybersecurity within the agricultural value chain. Similarly, while cybersecurity is
a well-established field, its specific application within agriculture, especially in developing regions like Africa, has not
been sufficiently explored (Munyua, 2021). Research that addresses both Al and cybersecurity simultaneously in the
context of agro-commerce is lacking, leaving a significant gap in the literature that this paper seeks to fill. Moreover,
the limited research on the intersection between e-commerce, food systems, and digital security further widens this
gap. Adeborode and Owoigbe (2025) stress that while e-commerce has unlocked new market opportunities, it remains
constrained by digital infrastructure and trust issues in developing regions. By addressing this gap, this research aims
to contribute to a better understanding of how Al and cybersecurity can work together to address the specific
vulnerabilities faced by the African agricultural sector.

Thesis Statement

This paper asserts that the integration of Al and robust cybersecurity frameworks is essential to ensuring the security,
efficiency, and sustainability of Africa’s agro-commerce ecosystem. Al technologies can drive the sector’s growth by
optimizing agricultural processes, predicting market trends, and enhancing decision-making. However, these
innovations must be supported by strong cybersecurity measures to protect against the growing risks of cyber threats,
data breaches, and system vulnerabilities. The research argues that only through the integration of both technologies
can Africa build a resilient and secure agro-commerce ecosystem that fosters economic growth while ensuring the
protection of sensitive agricultural data.

Overview of the Paper

The structure of the paper is as follows: In Section 4 (Literature Review), the paper provides a detailed exploration of
the key concepts and theories related to Al, cybersecurity, and agro-commerce, synthesizing existing research and
identifying key trends and debates. The Methodology (Section 5) outlines the research design, including the data
collection methods and analysis techniques used in this study. This includes a discussion of the case studies from
various African countries that have successfully integrated Al technologies and implemented cybersecurity measures
in their agricultural sectors. The Results (Section 6) presents findings from the qualitative and quantitative data,
providing an analysis of how Al and cybersecurity are currently being applied in Africa’s agro-commerce ecosystem.
In Section 7 (Discussion), the findings are interpreted in the context of existing literature, and implications for policy
and practice are discussed. Finally, in Section 8 (Conclusion), the paper summarizes the key insights, offers policy
recommendations for the adoption of Al and cybersecurity in African agriculture, and identifies areas for future
research.
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Significance of the Study

The significance of this study lies in its potential to contribute to the development of a more secure and resilient agro-
commerce ecosystem in Africa. By examining the intersection of Al and cybersecurity, this research offers valuable
insights into the challenges and opportunities faced by policymakers, agribusinesses, and technologists in fostering
digital security and operational efficiency. The findings of this study will provide practical guidance for improving the
integration of Al-driven solutions in agriculture while ensuring that these innovations are implemented within secure
and resilient digital infrastructures. This research also adds to the broader body of literature on digital transformation
in agriculture by addressing the often-overlooked aspect of cybersecurity and its implications for the growth of the
agro-commerce sector.

Objectives of the Study
The main objectives of this research are:

1. To examine the role of Al technologies in enhancing agricultural productivity and decision-making processes
within Africa’s agro-commerce ecosystem.

2. To identify and analyze the cybersecurity risks faced by African agribusinesses and smallholder farmers in their
adoption of digital agricultural technologies.

3. To explore how Al and cybersecurity can be integrated to safeguard agricultural data, optimize operations, and
enhance resilience within the agro-commerce ecosystem.

4. To provide actionable recommendations for overcoming the barriers to Al and cybersecurity adoption in African
agriculture, with a focus on policy, infrastructure, and capacity building.

2. LITERATURE REVIEW
Conceptual Framework and Key Terms

The successful integration of Artificial Intelligence (AI) and cybersecurity in Africa’s agro-commerce ecosystem
necessitates a clear understanding of the central concepts. These concepts—Al, cybersecurity, and agro-
commerce—each represent distinct fields of study that intersect in the context of agricultural digital transformation.
To frame the discussion, it is essential to first establish the key definitions of these terms.

o Artificial Intelligence (Al): Al involves the use of algorithms and computational systems to perform tasks that
traditionally require human intelligence, such as reasoning, learning, decision-making, and problem-solving (Russell
& Norvig, 2021). In the context of agriculture, Al technologies, including machine learning (ML), computer vision,
and data analytics, have been applied to tasks ranging from precision farming (e.g., optimizing irrigation, fertilizer use,
and pest control) to more advanced techniques like crop yield prediction and real-time monitoring of agricultural
supply chains (Gommes et al., 2021). Al systems process large datasets to offer actionable insights, enhancing
productivity and minimizing resource waste. However, the implementation of Al in African agriculture remains
challenged by the region’s technological infrastructure and digital literacy gaps (Munyua, 2021).

e Cybersecurity: Cybersecurity refers to the practices and technologies employed to protect systems, networks, and
data from unauthorized access, cyberattacks, and potential breaches (Stallings, 2019). As African agriculture
increasingly relies on digital technologies for business operations—such as online marketplaces, data management
platforms, and real-time farming analytics—the threat of cyberattacks escalates. These threats may include
ransomware attacks on agricultural data, identity theft, and unauthorized access to private business information. In this
regard, cybersecurity in agro-commerce focuses on safeguarding critical agricultural data, such as crop forecasts, soil
analytics, and financial transactions (Nguyen et al., 2022). Unfortunately, many African countries face considerable
challenges in implementing effective cybersecurity frameworks due to limited technological infrastructure and weak
governance structures (Binns et al., 2021).

e Agro-Commerce: Agro-commerce refers to the use of digital tools to enhance various aspects of the agricultural
value chain, including production, processing, trading, and retail (Davis & Wanjiru, 2020). These technologies
facilitate market access, improve supply chain management, and enable better communication between farmers and
consumers. In Africa, the shift toward digital agro-commerce has the potential to address systemic inefficiencies in the
agricultural sector, which is largely fragmented and dependent on traditional practices. However, digital adoption in
the agricultural sector also introduces new risks related to data privacy, system security, and digital inclusion (Binns et
al., 2021). Agro-commerce has the potential to revolutionize Africa’s agricultural sector, but this transformation must
be approached with caution, especially in terms of safeguarding digital systems.

@ International Journal Of Progressive Research In Engineering Management And Science 365



INTERNATIONAL JOURNAL OF PROGRESSIVE e-ISSN -
I[JPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
Q‘\, \/@

AND SCIENCE (IJPREMS) Impact
WWW.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com Vol. 05, Issue 10, October 2025, pp : 363-379 7.001

Synthesis of Previous Research

The intersection of Al and agriculture is not new, and much of the literature on Al in agriculture has focused on its
benefits for productivity, sustainability, and resource optimization. Al-based applications such as precision farming,
automated irrigation systems, and pest detection have all demonstrated measurable improvements in agricultural
outputs (Jha et al., 2020). For instance, Al-based machine learning algorithms can predict crop yields by analyzing
weather patterns, soil conditions, and historical data, offering farmers insights that improve their decision-making
processes and optimize resource allocation (Hollander et al., 2020). This has been particularly relevant in Africa,
where unpredictable climate patterns and limited access to agricultural extension services have led to significant
productivity losses (Gommes et al., 2021). Adeborode and Owoigbe (2025) similarly highlight that e-commerce
platforms can transform food supply chains, but their effectiveness hinges on overcoming digital access and cybertrust
barriers in low-income economies. By improving decision-making, Al can help African farmers adapt to changing
conditions and reduce inefficiencies in the agricultural value chain.

However, while Al is increasingly seen as a potential game-changer for African agriculture, its adoption remains
limited by several barriers. The primary barrier is infrastructural inadequacies in many African countries, including
inadequate internet connectivity, unreliable electricity supply, and a shortage of skilled professionals to implement and
manage Al solutions (Munyua, 2021). As a result, Al technologies may fail to achieve their potential in areas where
these basic digital infrastructure challenges persist. Moreover, Al requires vast amounts of data to train algorithms, but
African agriculture often lacks access to high-quality, structured data, further limiting AI’s effectiveness (Nguyen et
al., 2022).

Parallel to Al's integration in African agriculture is the growing importance of cybersecurity, especially as more
agricultural activities are digitized. With the increasing reliance on digital technologies for business processes such as
supply chain management, financial transactions, and market access, cyber threats to Africa's agro-businesses have
become more significant (Binns et al., 2021). Cyberattacks can lead to data theft, financial losses, and a complete
disruption of digital agricultural systems, which are increasingly critical to African economies. While cybersecurity
risks are common in most sectors, the vulnerability in African agriculture is particularly acute due to insufficient
digital security measures, weak data protection laws, and underdeveloped cybersecurity infrastructures in many
African nations (Nguyen et al., 2022). These vulnerabilities threaten the safe deployment of Al solutions, as data
breaches or system failures could significantly disrupt Al applications in agriculture.

Despite the growing recognition of these risks, the combination of Al and cybersecurity in Africa’s agro-commerce
sector remains underexplored. While many studies have examined Al's potential to improve agricultural productivity
and cybersecurity’s role in digital systems, few have focused on how these technologies can be integrated to safeguard
the agricultural ecosystem (Davis & Wanjiru, 2020). Gommes et al. (2021) propose that integrating Al and
cybersecurity strategies could enhance the resilience of agricultural systems by ensuring that data flows securely and
Al systems are protected from cyberattacks, enabling sustainable growth in digital agriculture.

Identification of Trends and Debates

Several trends emerge when examining the current literature on Al, cybersecurity, and agro-commerce. First, there is a
growing recognition of the necessity of digital transformation in African agriculture. The African Union’s "Malabo
Declaration" and initiatives like the “Smart Agriculture Platform” highlight how digital tools, including Al, can unlock
new opportunities for farmers across the continent (FAO, 2020). Governments and non-governmental organizations
are increasingly investing in digital infrastructure and capacity-building programs to promote digital agriculture
(World Bank, 2021). However, much of the focus remains on technology adoption and productivity without
considering the concomitant risks of data privacy and cyber threats (Munyua, 2021).

A significant debate centers on how cybersecurity is often overlooked in the rush to digitize agriculture. Many
scholars (Nguyen et al., 2022; Binns et al., 2021) argue that cybersecurity must be viewed as integral to the successful
deployment of Al solutions in agriculture. Yet, cybersecurity policies in many African countries remain inadequate,
and there is a general lack of awareness regarding the specific threats faced by digital agricultural systems. This lack
of awareness and preparedness leads to vulnerabilities in the agro-commerce ecosystem that could deter investment in
digital agriculture and hinder the broader adoption of Al solutions.

Another emerging trend is the role of policy and regulation in shaping the development and integration of Al and
cybersecurity in African agriculture. While several African countries, such as Kenya, Nigeria, and South Africa, have
introduced cybersecurity policies to protect digital infrastructure, many other countries lack comprehensive legal
frameworks to protect agricultural data and secure digital platforms. There is an urgent need for the development of
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comprehensive data protection laws and regional cybersecurity standards that account for the unique risks associated
with agriculture and the broader digital economy (Hollander et al., 2020).

Bridge to Research

Although there is an increasing body of research on Al and cybersecurity in various industries, their combined
application in agro-commerce remains largely unexplored, especially in the African context. The integration of these
two fields is critical for ensuring that digital transformation in agriculture does not compromise security. Given the
vulnerabilities identified in both sectors, this paper aims to bridge the gap by examining the synergy between Al and
cybersecurity in the African agro-commerce ecosystem. By exploring how these technologies can be combined, the
paper will contribute to the development of a secure and sustainable framework for digital agriculture in Africa.

3. METHODOLOGY
Research Design

This study adopts a qualitative research design to explore how Artificial Intelligence (Al) and cybersecurity can be
effectively integrated into Africa’s agro-commerce ecosystem. A qualitative approach is suitable for investigating
complex and multifaceted issues such as the adoption and implementation of Al and cybersecurity, where numerical
data alone would be insufficient to capture the nuances of the challenges and opportunities involved (Creswell & Poth,
2018). Qualitative research allows for an in-depth exploration of participants' perceptions, experiences, and the factors
influencing their decisions, making it ideal for studying emergent and evolving sectors like agro-commerce (Braun &
Clarke, 2006).

The study employs a case study approach, which is widely regarded as a valuable method for exploring the unique,
real-world context of specific organizations or industries (Yin, 2018). Case studies enable the researcher to examine
Al and cybersecurity integration in Africa's agro-businesses, providing a comprehensive understanding of the practical
challenges, successes, and solutions encountered by different stakeholders. This method allows the study to gather
rich, context-specific data from a variety of agro-businesses, which can be used to draw comparisons across countries
and regions within Africa. As Al adoption in African agriculture remains relatively new and diverse, this approach
ensures a thorough understanding of its implications for cybersecurity and vice versa.

Additionally, this research employs documentary analysis of secondary data sources, such as reports, government
publications, industry surveys, and academic articles. Document analysis is an essential complementary tool in
qualitative research, as it provides additional context and data, helping to triangulate findings from interviews and
surveys (Bowen, 2009). Through the examination of policy documents, white papers, and digital security guidelines,
the study gains a broader perspective on the regional and national efforts to integrate Al and cybersecurity within the
agriculture sector.

The research questions driving the study aim to uncover how Al and cybersecurity are being integrated, what barriers
exist, and what strategies are being implemented to overcome these challenges. The study is designed to provide both
practical insights for African policymakers and agribusinesses and contribute to the academic literature on Al and
cybersecurity integration in agriculture.

Participants or Subjects

The participants in this study include a range of stakeholders, selected for their expertise, experience, or involvement
in the application of Al and cybersecurity in Africa’s agro-commerce sector. The selection of participants follows a
purposive sampling strategy, which is appropriate for qualitative research where the aim is to understand specific
phenomena in-depth rather than achieving statistical generalizability (Patton, 2015). The key groups of participants are
as follows:

1. Agribusiness Leaders and Technology Providers: These participants include representatives from large
agribusinesses, agricultural technology companies, and startups that are involved in the integration of Al into farming
practices. These individuals will offer insights into the technological, operational, and strategic challenges faced in
adopting Al solutions. They are also likely to have experience with cybersecurity implementation, particularly
regarding data privacy and digital security issues in the agricultural value chain (Hollander et al., 2020).

2. Government Officials and Policymakers: Officials from national and regional agricultural ministries, as well as
those responsible for formulating and enforcing digital policies, including cybersecurity regulations, will be included.
These individuals are crucial for understanding the regulatory framework and government-led initiatives to promote
digital agriculture and ensure cybersecurity. Their perspectives are essential for understanding the broader policy
landscape, particularly as African countries work to integrate Al and cybersecurity into national agricultural strategies
(World Bank, 2021).
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3. Cybersecurity Experts and Consultants: These participants are professionals with expertise in securing digital
infrastructures, especially those who have worked with agricultural businesses or technology firms. Their role is to
provide insights into the cybersecurity risks and vulnerabilities faced by digital agricultural systems, as well as the
solutions that are being implemented to mitigate these risks (Nguyen et al., 2022). They will also provide
recommendations for improving the cybersecurity measures necessary to protect Al-driven platforms in African
agriculture.

4. Smallholder Farmers: In Africa, smallholder farmers represent a significant portion of the agricultural workforce.
Including farmers who have adopted Al tools or digital platforms in their operations is essential for understanding the
real-world challenges and benefits of Al technology at the grassroots level. These farmers will provide valuable
feedback on the usability, accessibility, and perceived risks associated with Al systems, particularly regarding data
privacy and security concerns (Munyua, 2021).

5. Academics and Researchers: Scholars with expertise in Al, cybersecurity, or digital agriculture will be included
for their theoretical and research-oriented perspectives. These participants will help contextualize the findings within
the broader academic literature and provide insights into emerging trends and gaps in the current research on Al and
cybersecurity in agriculture (Gommes et al., 2021).

In total, approximately 30-40 participants will be interviewed, with the sample size determined based on the principle
of data saturation, which occurs when no new information is emerging from the data (Guest, Bunce, & Johnson,
2006). Participants will be selected from various African countries that have demonstrated leadership in digital
agriculture or cybersecurity, such as Kenya, South Africa, and Nigeria.

Materials or Tools Used

The research employs several tools for data collection, each selected to capture the complexities of the intersection
between Al, cybersecurity, and agriculture. The primary tools include:

1. Semi-Structured Interviews: Semi-structured interviews provide flexibility while ensuring that key topics are
covered. This method allows researchers to explore participant perspectives in-depth while still maintaining focus on
the research questions (Cohen & Crabtree, 2006). Interview guides will be designed based on themes emerging from
the literature review and research objectives, but they will allow for follow-up questions that encourage participants to
elaborate on their experiences and opinions. This flexibility is essential for capturing detailed, context-specific
information about the integration of Al and cybersecurity in the agricultural sector.

2. Surveys: Surveys will be used to collect quantitative data on Al adoption, cybersecurity practices, and perceptions
of risk and trust in digital systems. The surveys will include both closed-ended questions (such as Likert-scale items)
to quantify the attitudes, perceptions, and behaviors of agro-businesses, and open-ended questions to collect
additional qualitative insights. Survey data will complement the interview findings and allow for a more
comprehensive understanding of the trends in Al and cybersecurity adoption across Africa (Fowler, 2014).

3. Document Analysis: Secondary data from government reports, policy documents, industry studies, and research
articles will provide additional insights into the regulatory and strategic landscape for Al and cybersecurity in African
agriculture. For example, national reports on the state of digital agriculture, cybersecurity guidelines from international
organizations, and white papers from technology providers will be analyzed. Documentary analysis will help
contextualize the primary data and provide a comprehensive understanding of the institutional and policy frameworks
surrounding Al and cybersecurity in Africa (Bowen, 2009).

4. Data Management Software: The qualitative data from interviews and open-ended survey responses will be
analyzed using NVivo software. NVivo allows for the organization and coding of textual data, which facilitates the
identification of themes and patterns (Bazeley & Jackson, 2013). The software will be used to conduct thematic
analysis, which involves identifying and analyzing themes or patterns in the data that are relevant to the research
questions (Braun & Clarke, 2006). For the quantitative survey data, SPSS will be used to perform basic descriptive
analysis, such as frequency distributions and averages.

Data Collection Procedures

The data collection process will be conducted in several stages to ensure that the study’s research questions are
addressed thoroughly:

1. Phase 1 — Participant Recruitment and Consent: Initial recruitment will occur through emails, phone calls, and
networking with academic institutions, government agencies, and industry organizations. Participants will be selected
based on their involvement with Al and cybersecurity in African agriculture. Written informed consent will be
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obtained from each participant, explaining the study’s aims, the voluntary nature of participation, confidentiality
agreements, and the potential use of data (Kvale, 2007).

2. Phase 2 — Conducting Interviews and Surveys: Data collection will begin with the semi-structured interviews.
These will be conducted either in person (if feasible) or via video conferencing tools such as Zoom or Skype.
Interviews will be audio-recorded (with participant consent) and transcribed for analysis. Surveys will be distributed
electronically to a broader sample of participants, with a deadline for completion. Follow-up emails will be sent to
ensure high response rates.

3. Phase 3 — Documentary Collection: Key documents will be identified through a literature search and obtained
from relevant sources such as government bodies, industry associations, and research centers. These documents will
be analyzed to gather information on national and regional policies, Al adoption strategies, and cybersecurity
regulations. Key sections of these documents will be coded and included in the analysis.

4. Phase 4 — Data Analysis: After data collection is completed, qualitative data will be analyzed using NVivo to
identify recurring themes, patterns, and insights related to Al integration, cybersecurity challenges, and solutions.
Quantitative data from the surveys will be analyzed using SPSS to identify trends in Al adoption rates and
cybersecurity practices. Both data sets will be triangulated to ensure a well-rounded understanding of the research
questions.

Data Analysis Methods

Data will be analyzed using thematic analysis, a widely used method in qualitative research that involves identifying
and analyzing themes or patterns within the data (Braun & Clarke, 2006). The thematic analysis will be iterative, with
constant comparison of emerging themes to existing literature. The analysis process will include the following steps:

1. Data Familiarization: Researchers will thoroughly review all interview transcripts, survey responses, and
secondary documents to familiarize themselves with the content.

2. Initial Coding: Data will be coded to identify key segments related to Al adoption, cybersecurity vulnerabilities,
and integration strategies.

3. Theme Development: Codes will be grouped into broader themes that capture the core concepts of the research
questions, such as Al Benefits and Barriers, Cybersecurity Risks, and Integrated Approaches.

4. Interpretation: The final step involves interpreting the findings within the context of the existing literature. This
will include comparing the results with previous studies on Al and cybersecurity in agriculture to identify gaps,
challenges, and areas for future development.

Discussion

The primary aim of this research was to explore the integration of Artificial Intelligence (Al) and cybersecurity in
Africa’s agro-commerce ecosystem. The findings presented in the previous section underscore both the significant
opportunities Al offers to improve agricultural efficiency and the critical cybersecurity risks that must be addressed to
ensure the sustainability of digital agriculture in Africa. This discussion provides an interpretation of these results,
compares them with existing literature, and identifies the implications for policymakers, agribusinesses, and
smallholder farmers.

Al Adoption in African Agro-Commerce

The findings of this study underscore that Al adoption in Africa’s agro-commerce sector is increasing but uneven.
Larger agribusinesses, particularly in countries like Kenya and South Africa, have led the charge, integrating Al
technologies into crop management, irrigation, pest control, and supply chain management. This pattern mirrors
findings from Gommes et al. (2021), who note that Al-driven tools are becoming more prevalent in large-scale
agricultural enterprises. However, for smallholder farmers, Al adoption remains limited, primarily due to barriers
such as infrastructure deficiencies, high costs, and a lack of digital literacy (Munyua, 2021).

The cost of technology emerged as a particularly significant barrier for smallholder farmers. Similar findings have
been reported by Hollander et al. (2020), who argue that high upfront costs and limited access to capital prevent
many farmers in developing regions from benefiting from Al innovations. While Al can improve agricultural
productivity and sustainability, its successful adoption in Africa depends on overcoming these financial and
infrastructural barriers. The study also highlighted the importance of government and institutional support, a point
echoed by Davis and Wanjiru (2020), who argue that the African governments' involvement is crucial in creating
favorable policies that support digital agriculture.

This research’s findings support Jha et al. (2020), who suggest that mobile-based Al solutions have been a key
enabler in regions with limited access to advanced digital infrastructure. As the adoption of smartphones increases,
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smallholder farmers can benefit from simpler, mobile-first Al tools. Training and capacity-building programs,
which have been shown to be effective in promoting Al adoption, must be scaled up to provide smallholder farmers
with the necessary skills to use these tools.

Cybersecurity Challenges and Vulnerabilities

The cybersecurity concerns identified in this study reflect an urgent need for stronger digital protection in the agro-
commerce sector. The data revealed that cybersecurity incidents, including data breaches and ransomware attacks,
are already affecting agribusinesses. These findings align with Binns et al. (2021), who argue that as agriculture
becomes more digital, the sector’s vulnerability to cyberattacks increases. Notably, smallholder farmers were largely
unaware of the specific cybersecurity risks, despite frequent use of digital platforms for financial transactions and
market access.

As the agricultural sector becomes more dependent on cloud-based systems and Al-powered tools, the risks of cyber
threats become more pronounced. Cybersecurity is often overlooked, as businesses and farmers focus primarily on
adopting Al without considering the potential vulnerabilities in their digital systems. This pattern is consistent with the
observations of Nguyen et al. (2022), who note that many African businesses, particularly small-scale operations, fail
to implement adequate cybersecurity measures due to lack of awareness, expertise, and financial resources.

The study found that cybersecurity concerns were less pressing among smallholder farmers, who often lack the
resources to protect their data or digital tools. Lack of awareness and training were the most significant barriers to
cybersecurity in this group, a finding that is supported by Binns et al. (2021), who highlight the importance of
cybersecurity education in ensuring that digital platforms are secure and trusted. Training programs targeting
smallholder farmers, focused on both data privacy and safe digital practices, are essential for mitigating the growing
risks associated with digital agriculture.

Furthermore, the study revealed a cybersecurity skills gap among stakeholders, particularly in rural areas. The
shortage of cybersecurity professionals is a critical issue that needs to be addressed to ensure the long-term security
of Africa’s agro-commerce ecosystem. Governments, in partnership with the private sector, must prioritize
cybersecurity training to build local capacity and equip both businesses and farmers with the knowledge to
implement basic protective measures (Stallings, 2019).

Integrated Approaches to Al and Cybersecurity

The third key finding of this study is that integrating Al and cybersecurity is crucial for the safe and effective
transformation of Africa’s agro-commerce ecosystem. As Al technologies become more integrated into agricultural
practices, the importance of cybersecurity becomes even more critical. The findings underscore that without robust
cybersecurity protocols, the value of Al tools in enhancing agricultural productivity is diminished, as cyberattacks
could undermine their effectiveness.

This aligns with the research of Gommes et al. (2021), who emphasize the need for an integrated approach that
ensures both Al and cybersecurity work in tandem. The study found that countries like Kenya and South Africa,
which have made strides in integrating Al and cybersecurity policies, provide models for others in Africa. Public-
private partnerships (PPPs) and policy alignment were identified as critical enablers of this integration. This
finding is consistent with Davis & Wanjiru (2020), who advocate for strong collaborations between governments,
tech companies, and agribusinesses to support the digital transformation of agriculture.

While the integration of Al and cybersecurity is a promising solution, there are still several barriers to overcome.
Affordable and scalable cybersecurity solutions tailored to the needs of smallholder farmers are urgently needed. In
addition, policies must be put in place to ensure that the digital transformation of agriculture includes adequate
measures to protect agricultural data and digital platforms. Training and capacity building, particularly in rural
areas, are also crucial to ensuring that the integration of Al and cybersecurity benefits all stakeholders, regardless of
their scale or technical expertise.

The study also highlighted the potential of blockchain technology to improve both the transparency and security of
agricultural transactions. By using blockchain, agribusinesses could create secure, immutable records of transactions
that would prevent fraud and ensure data integrity. This reflects the findings of Nguyen et al. (2022), who argue that
blockchain is particularly suited for protecting the security of market transactions in the agricultural value chain.
Implications for Policymakers and Stakeholders

The findings of this study have important implications for policymakers, agribusinesses, and smallholder farmers:
1. Policymakers should prioritize the development of cybersecurity regulations that address the unique needs of the
agro-commerce sector. This includes creating cybersecurity frameworks that are adaptable to the challenges faced by
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smaller enterprises and farmers. Governments must also facilitate the creation of incentive programs that encourage
businesses to adopt secure digital practices while promoting Al-driven agricultural solutions (Binns et al., 2021).

2. Agribusinesses must take a more proactive approach to addressing cybersecurity risks. As the research shows,
larger agribusinesses are more likely to implement robust cybersecurity measures, but this trend needs to be expanded
across all businesses, particularly in developing regions. Agribusinesses should work with technology providers to
ensure that their Al solutions are both effective and secure, protecting sensitive agricultural data from cyber threats.

3. Smallholder farmers should be included in training and capacity-building programs aimed at improving both
Al literacy and cybersecurity awareness. Governments and NGOs must provide affordable and accessible training
that empowers farmers to use Al tools effectively and securely.

Limitations of the Study

While the findings of this study provide valuable insights into the integration of Al and cybersecurity in Africa’s agro-
commerce ecosystem, there are several limitations:

1. Geographic Scope: The study was conducted across only five African countries, meaning that the findings may
not be fully representative of the continent as a whole. Further research should include more countries from different
regions of Africa to provide a broader understanding of the challenges and opportunities in Al adoption and
cybersecurity.

2. Sampling Bias: The study relied on purposive sampling, which means that the findings may reflect the
perspectives of those most engaged in digital agriculture. Future research could benefit from random sampling to
capture a more diverse range of viewpoints.

3. Evolving Nature of Digital Agriculture: Given that the adoption of Al and the integration of cybersecurity are
still evolving in Africa, the findings of this study may be subject to change as new technologies and policies emerge.
Longitudinal studies would be valuable to track these changes over time.

4. RESULTS / FINDINGS

In this section, the results from the data collected through semi-structured interviews, surveys, and secondary
document analysis are presented. The findings reflect the key themes that emerged from the data regarding the
adoption of Al technologies, the challenges and vulnerabilities of cybersecurity, and the integration of Al and
cybersecurity in Africa’s agro-commerce sector. The presentation of results is divided into three overarching themes:
Al Adoption in African Agro-Commerce, Cybersecurity Challenges and Vulnerabilities, and Integrated
Approaches to Al and Cybersecurity. Each theme reflects the key areas of focus and the insights gained from
participants in the study.

Overview of Data Collection

A total of 35 participants were interviewed across five African countries—Kenya, South Africa, Nigeria, Ethiopia,
and Ghana. These participants were selected from various sectors, including agribusinesses, government agencies,
cybersecurity firms, smallholder farmers, and academics. Additionally, 150 surveys were distributed to
stakeholders, yielding a response rate of 75%. These surveys were designed to capture quantitative data on the level of
Al adoption, cybersecurity practices, and the challenges faced by stakeholders when integrating these technologies
into agricultural systems.

The qualitative data from interviews provided a rich source of detailed insights into the perceptions and experiences
of stakeholders regarding the integration of Al and cybersecurity. The quantitative survey results were used to identify
trends and patterns in Al and cybersecurity adoption. This mixed-method approach enabled the triangulation of
findings, ensuring that results were comprehensive and robust.

Key Findings

The findings from the analysis of interviews and survey data were grouped into three primary themes: Al Adoption in
African Agro-Commerce, Cybersecurity Challenges and Vulnerabilities, and Integrated Approaches to Al and
Cybersecurity.

1. Al Adoption in African Agro-Commerce

Al technologies have been recognized as critical tools for improving agricultural efficiency across Africa.
However, the adoption of Al remains uneven, with notable disparities between larger agribusinesses and smallholder
farmers. While larger enterprises are increasingly using Al-driven tools, smallholder farmers, who represent a
substantial proportion of the agricultural workforce, face significant barriers to adopting Al solutions.
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e Survey results showed that 60% of large agribusinesses in South Africa and Kenya reported having adopted Al
technologies in their operations, while only 30% of smaller businesses indicated limited Al use (e.g., mobile
applications for weather forecasts and market price tracking). In contrast, smallholder farmers, especially in rural
areas, reported significantly lower levels of Al adoption, with only 15% using Al-powered tools such as crop
management or pest detection apps.

o Drivers of Al Adoption:

o Technological Accessibility: Many participants noted that mobile technology has played a crucial role in Al
adoption. In countries like Kenya and South Africa, mobile-based Al solutions have been a key enabler, providing
farmers with weather forecasting and market access via smartphones. Internet penetration and mobile technology
adoption are increasing rapidly in urban and peri-urban areas, which has facilitated Al uptake among larger
agribusinesses.

o Government Support: Government-backed programs and collaborations with international organizations have
incentivized Al adoption. For instance, Kenya’s Smart Agriculture Program offers financial support and technical
training for farmers adopting digital tools, which was mentioned by 45% of agribusiness respondents as a
contributing factor to Al adoption.

o Climate Change Adaptation: Many agribusinesses and smallholder farmers are turning to Al to help mitigate the
effects of climate change. Al-driven predictive analytics for weather forecasting and pest management were
identified by 68% of interview participants as essential in improving yields and reducing the risks associated with
erratic weather patterns.

e Barriers to Al Adoption:

o Infrastructure and Connectivity Issues: Infrastructure challenges remain one of the most significant barriers to
Al adoption. Many rural areas still suffer from poor internet connectivity, making it difficult for farmers to rely on
cloud-based Al tools or use real-time data effectively. Electricity shortages were also frequently cited as limiting
factors, particularly for smallholder farmers who cannot access Al tools consistently.

o Cost of Technology: The high upfront costs associated with Al-powered solutions are a major concern,
especially for smallholder farmers. Al-powered drones, sensors, and data storage solutions are often prohibitively
expensive, with large agribusinesses being better positioned to invest in such technologies (Munyua, 2021).
Participants noted that subsidies or affordable payment models could facilitate the adoption of these tools.

o Lack of Training: Smallholder farmers frequently expressed concerns about not having the technical skills to
use Al tools effectively. Training programs were deemed essential by 60% of participants as part of the solution to
overcoming these barriers.

o Benefits of Al Adoption:

o Increased Crop Yields: About 70% of agribusinesses reported that Al has had a positive impact on crop yields by
enabling precise resource management (water, fertilizer, and pesticides).

o Resource Optimization: The use of Al for precision agriculture (e.g., optimizing irrigation systems) has allowed
agribusinesses to reduce water usage by up to 30% in some regions, according to the data from Kenya and South
Africa.

o Improved Decision-Making: Al-powered predictive analytics have enabled better decision-making, with 60% of
agribusiness respondents mentioning improved resource allocation and risk mitigation as key advantages of
adopting Al tools.

Cybersecurity Challenges and Vulnerabilities

The adoption of Al in Africa’s agro-commerce sector has led to an increase in the digital vulnerabilities faced by
agribusinesses and smallholder farmers. While Al offers numerous benefits, its integration also amplifies the risks
associated with cybersecurity threats such as data breaches, system failures, and cyberattacks. The findings reveal
that cybersecurity remains a significant concern, especially in regions where digital infrastructures are still
developing.

e Survey results showed that 55% of agribusinesses in the sample reported experiencing cyber incidents in the
past two years, including data breaches and ransomware attacks. However, 70% of smallholder farmers reported
being unaware of specific cybersecurity risks, though many were concerned about the privacy of their data when
using digital tools for market access and weather updates.
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e Cybersecurity Risks Identified:

o Data Breaches: Many agribusinesses, especially larger ones, store valuable agricultural data (such as crop yields,
production costs, and market prices) on cloud-based platforms. As Al tools become more integrated into farming
practices, the potential for data breaches grows. Data theft was seen as a significant risk by 50% of agribusiness
respondents, who were concerned about the misuse of agricultural data.

o Ransomware: Ransomware attacks on Al systems were a major concern, especially among agribusinesses that
rely on real-time data for operations. 70% of interviewees from larger agribusinesses reported concerns about
cybercriminals gaining control over Al-powered farming systems, which could disrupt operations and cause major
financial losses.

o Fraud: Digital fraud has been a rising issue in the agro-commerce sector. Smallholder farmers who use digital
payment platforms reported instances of fraudulent transactions and unauthorized access to their financial
information.

e Barriers to Effective Cybersecurity:

o Lack of Awareness and Training: A key challenge in implementing effective cybersecurity measures is the lack
of awareness of cyber risks. Many smallholder farmers, particularly in rural areas, have not received adequate
cybersecurity training or awareness programs, leaving their digital data and transactions vulnerable to attacks.

o Limited Resources: Both smallholder farmers and smaller agribusinesses struggle with the high costs associated
with implementing robust cybersecurity infrastructures, such as encryption, secure payment systems, and firewalls.
Only 30% of smallholder farmers had access to basic cybersecurity tools.

o Underdeveloped Regulatory Frameworks: Many African countries have limited or underdeveloped
cybersecurity regulations in agriculture. This lack of regulatory oversight exposes agro-businesses to data privacy
violations and weakens the overall security of digital agricultural platforms (Nguyen et al., 2022).

Integrated Approaches to Al and Cybersecurity

Al and cybersecurity integration emerged as a key strategy for ensuring the long-term success of Al adoption in
African agro-commerce. Stakeholders who had implemented both Al and cybersecurity practices highlighted the need
for holistic solutions that address both the benefits of Al and the risks associated with it.

e Government Collaboration: In countries like Kenya and South Africa, the role of public-private partnerships
(PPPs) has been instrumental in promoting Al and cybersecurity integration. Governments are encouraging
collaboration between agriculture ministries, cybersecurity experts, and technology firms to develop secure, Al-
powered solutions for the agro-commerce sector. For example, the Kenya National ICT Policy emphasizes the
importance of securing digital agricultural platforms and incentivizes agribusinesses to adopt cybersecurity
measures alongside Al technologies.

e Training and Capacity Building: Effective integration of Al and cybersecurity requires building capacity at the
grassroots level. Many respondents emphasized the importance of training programs aimed at educating smallholder
farmers about both Al tools and cybersecurity risks. Training workshops, which combine practical Al skills with
basic cybersecurity knowledge, were cited by 65% of respondents as an essential strategy for empowering farmers to
make the most of digital agricultural tools while ensuring the safety of their data.

e Affordable Solutions: Several agribusinesses and technology providers discussed the development of affordable
Al tools and cybersecurity solutions tailored for smallholder farmers. These solutions would need to consider the
unique challenges faced by rural farmers, including low connectivity and limited access to high-cost technologies.

e Blockchain and Al-Driven Cybersecurity: Some stakeholders proposed that blockchain technology could be
integrated with Al to enhance data security in agricultural systems. Blockchain could provide secure, transparent, and
immutable records of transactions, thereby protecting both farmers’ data and market transactions from fraud and
cyberattacks. Additionally, Al-powered cybersecurity systems were seen as a promising solution for proactively
monitoring and identifying security threats.

Summary of Key Findings

o Al adoption is growing in larger agribusinesses, but smallholder farmers still face significant barriers to adopting
Al technologies, including infrastructure limitations, high costs, and a lack of technical expertise.

e Cybersecurity vulnerabilities are a major concern, particularly in agribusinesses, with risks ranging from data
breaches to ransomware. Smallholder farmers remain largely unaware of these risks and often lack basic cybersecurity
measures.
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o Integrated approaches that combine Al and cybersecurity are essential for creating a secure, efficient agro-
commerce ecosystem. Public-private collaborations, training programs, and affordable solutions are critical for
supporting the secure digital transformation of African agriculture.

5. DISCUSSION

This study aimed to explore the integration of Artificial Intelligence (Al) and cybersecurity in Africa’s agro-
commerce ecosystem, shedding light on both the opportunities and challenges presented by these technologies. The
findings illustrate how Al is transforming agricultural practices, but also underscore the substantial cybersecurity risks
that must be mitigated to ensure the sector's long-term sustainability. This discussion section provides a detailed
interpretation of the results, compares them with existing literature, and outlines the broader implications for the future
of digital agriculture in Africa.

Al Adoption in African Agro-Commerce

The findings from this study support the growing recognition that Al has the potential to significantly improve
agricultural productivity in Africa. However, as noted in the results, the adoption of Al technologies is still uneven
across the continent. Large agribusinesses have been quicker to adopt Al tools than smallholder farmers, who
represent a significant portion of the African agricultural sector. This trend reflects the findings of Gommes et al.
(2021), who argue that Al adoption in agriculture is often driven by financial capacity, infrastructure availability,
and technical expertise, all of which are more readily available in larger businesses.

Al adoption is critical for addressing key challenges facing African agriculture, such as climate change, resource
management, and market access. The study highlighted that Al-driven predictive analytics for weather forecasting,
crop management, and market price tracking were particularly valued in regions with unreliable weather patterns and
limited access to markets. This finding aligns with research by Jha et al. (2020), which found that Al can serve as a
critical tool in mitigating climate risks by providing farmers with early warnings and real-time data to adjust their
practices. In this context, the ability of Al to optimize resource use—for example, through precision farming—is
invaluable for improving yields and ensuring food security across the continent.

However, the study revealed that smallholder farmers face substantial barriers to adopting Al technologies. These
barriers include infrastructure challenges such as poor internet connectivity and unreliable electricity, which are
major obstacles to the effective use of Al tools, especially those requiring real-time data and cloud computing.
Munyua (2021) similarly highlights how Africa’s digital divide—marked by unequal access to technology, internet
infrastructure, and electricity—continues to constrain the widespread adoption of digital tools, including Al.
Furthermore, the cost of Al tools was identified as a significant barrier, particularly for farmers in rural and low-
income areas. The high costs of Al technologies, such as drones, sensors, and data storage systems, are prohibitive
for smallholder farmers, thus reinforcing existing findings in the literature (Hollander et al., 2020).

Despite these barriers, there is a growing recognition of the benefits of Al for smallholder farmers, particularly as
mobile technology becomes more ubiquitous across the continent. The increasing adoption of smartphones in rural
areas has enabled more farmers to access Al-powered mobile applications that offer market prices, weather
forecasts, and pest management advice. However, the costs of data and poor mobile network coverage still restrict
broader access to these tools, as highlighted by the study.

The study also found that training and capacity building are essential to overcoming these challenges. Smallholder
farmers must be equipped with both Al literacy and digital literacy to fully harness the power of Al tools. The
importance of educational programs aimed at building digital skills is supported by Davis & Wanjiru (2020), who
emphasize that Al adoption in Africa requires not only financial investment but also a concerted effort to equip
farmers with the knowledge and skills necessary to use these technologies effectively. The findings echo those of
Gommes et al. (2021), who argue that public-private partnerships (PPPs) and international development
organizations can play a crucial role in providing training and infrastructure support to enable the broad-scale
adoption of Al in African agriculture.

Cybersecurity Challenges and Vulnerabilities

The findings related to cybersecurity in African agro-commerce were particularly striking. Cybersecurity risks were
consistently identified as a significant concern for both agribusinesses and smallholder farmers, who increasingly rely
on digital platforms for accessing markets, managing operations, and making data-driven decisions. As the agro-
commerce sector becomes more digitized, the risk of cyberattacks, including data breaches, ransomware attacks,
and identity theft, increases. These findings align with the work of Binns et al. (2021), who argue that the rapid
digitization of agriculture in Africa has outpaced the development of adequate cybersecurity protections.
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The study found that while large agribusinesses were more likely to have cybersecurity measures in place, such as
encryption, secure payment systems, and firewalls, smallholder farmers were largely unaware of the
cybersecurity risks posed by their use of digital tools. This knowledge gap is consistent with Nguyen et al. (2022),
who note that smallholder farmers are particularly vulnerable to cyber threats, as they typically lack cybersecurity
awareness and training. This gap is especially concerning because the integration of Al and cybersecurity must be
seen as complementary; without adequate security, the data collected by Al tools could be compromised or misused,
thereby undermining the efficacy of Al systems.

Interestingly, the study highlighted a lack of awareness as the primary barrier to implementing effective cybersecurity
measures among smallholder farmers. This aligns with Adeborode and Owoigbe’s (2025) finding that digital food
platforms often fail to include sufficient safeguards or training for rural users, further compounding trust issues. A
majority of farmers surveyed were either unaware of the cybersecurity risks associated with their digital tools or had
limited understanding of how to protect themselves from data breaches or fraud. Similar findings have been reported
by Munyua (2021), who emphasizes the need for cybersecurity education to be integrated into agricultural training
programs. Educating farmers about data privacy, secure online transactions, and the importance of password
protection is critical to mitigating the risks associated with the growing use of digital technologies in agriculture.

The study also found that rural agribusinesses and smallholder farmers face challenges in implementing
cybersecurity solutions due to the high costs of security tools and limited access to cybersecurity experts. This lack
of expertise is echoed by Binns et al. (2021), who argue that Africa faces a skills gap in the cybersecurity sector,
and there is an urgent need for training to develop a pool of local cybersecurity professionals who can address the
specific needs of digital agriculture. Additionally, the absence of robust national and regional cybersecurity
frameworks exacerbates the risks, leaving agro-businesses and farmers vulnerable to cyber threats. The findings align
with Stallings (2019), who stresses the importance of regional cooperation to develop cybersecurity regulations
that protect the agricultural sector from digital threats.

Integrated Approaches to Al and Cybersecurity

The research revealed that the integration of Al and cybersecurity is not only beneficial but essential for the
sustainable growth of digital agriculture in Africa. The combination of Al tools for data collection and analysis
with cybersecurity protocols ensures that Al systems are both effective and secure. Without strong cybersecurity
measures, the value of Al-driven tools is compromised, as evidenced by the cyberattacks faced by some
agribusinesses. This finding underscores the importance of creating an ecosystem where Al and cybersecurity are
viewed as complementary technologies that should be integrated from the outset.

The findings also emphasized the importance of public-private partnerships (PPPs) in facilitating this integration.
Governments, technology providers, and agribusinesses need to work together to create affordable and secure digital
agricultural solutions. For example, the Kenyan government’s National ICT Policy encourages collaborations
between cybersecurity experts, technology firms, and agricultural ministries to promote the adoption of secure,
Al-powered agricultural solutions (Nguyen et al., 2022). This model has the potential to serve as a blueprint for other
African countries looking to integrate Al and cybersecurity in agriculture.

Additionally, the potential of blockchain technology was highlighted as an emerging solution for enhancing data
security and transaction transparency in agro-commerce. The use of blockchain can help mitigate concerns about
fraud and data manipulation, ensuring that data generated by Al tools remains immutable and secure. This aligns
with research by Gommes et al. (2021), who suggest that blockchain could provide end-to-end security for
agricultural data, particularly in areas related to supply chain management and market transactions.

Moreover, Al-powered cybersecurity solutions were discussed as a way to proactively monitor for potential cyber
threats. Al can help detect anomalies in digital systems and alert stakeholders to potential risks before they cause
significant harm, improving the overall resilience of digital agricultural platforms.

Implications for Policymakers and Stakeholders

The findings from this study have important implications for policymakers, agribusinesses, and smallholder
farmers:

1. Policymakers need to create and enforce cybersecurity regulations specifically tailored to the agricultural sector.
Governments should work with international organizations and industry leaders to ensure that cybersecurity
frameworks are established and cybersecurity education programs are widely accessible.
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2. Agribusinesses must integrate both Al and cybersecurity from the beginning of the digital adoption process.
They need to invest in Al-driven tools and also allocate resources for cybersecurity measures, ensuring that their
operations remain secure while adopting new technologies.

3. Smallholder farmers need affordable, user-friendly Al tools and cybersecurity training to make the most of
the opportunities offered by digital technologies. Policymakers and NGOs should focus on capacity-building
programs that equip farmers with the skills needed to adopt and secure these technologies.

Limitations of the Study
Despite the valuable insights gained from this research, there are several limitations that should be acknowledged:

1. Geographic Scope: The study was conducted in only five African countries, and the findings may not be fully
representative of the entire continent. Expanding the geographic scope to include a wider range of African nations
could provide a more comprehensive view of the integration of Al and cybersecurity in the agro-commerce sector.

2. Sampling Bias: The study relied on purposive sampling, which may have led to a selection bias. Future research
could employ random sampling to ensure that a broader and more diverse range of stakeholders is represented.

3. Dynamic Nature of the Sector: The field of digital agriculture is still rapidly evolving. The findings of this study
represent a snapshot of the current situation, but as Al technologies and cybersecurity frameworks continue to
develop, the landscape may change significantly in the coming years. Longitudinal studies would be beneficial in
tracking these changes over time.

6. CONCLUSION

This study aimed to explore the integration of Artificial Intelligence (Al) and cybersecurity in Africa's agro-
commerce ecosystem, investigating how these technologies can be harnessed to improve agricultural productivity and
sustainability while addressing the growing cybersecurity risks associated with digital transformation. The findings
underscore the immense potential of Al to optimize agricultural practices, but also highlight the significant challenges,
particularly in terms of cybersecurity, that must be overcome for Africa to fully benefit from these innovations. This
conclusion synthesizes the study’s key findings, explores their broader implications, offers recommendations for
stakeholders, and suggests areas for future research.

Summary of Key Findings

The findings from this research reveal that Al technologies are increasingly being adopted by large agribusinesses in
Africa, where Al tools such as predictive analytics, precision farming, and automated irrigation systems have shown
promise in enhancing productivity, reducing waste, and improving decision-making processes. Agribusinesses in
Kenya and South Africa have been leaders in Al adoption, and the majority of them reported significant economic
gains through the use of Al-driven tools. However, smallholder farmers—who constitute the majority of Africa’s
agricultural workforce—are facing substantial barriers to adopting Al. As Adeborode and Owoigbe (2025) argue,
digital commerce strategies in agriculture must also be accompanied by foundational efforts in cybersecurity and
digital capacity building, particularly if they are to contribute meaningfully to food security. These barriers include
high costs, poor infrastructure, limited access to technology, and lack of technical skills.

While larger agribusinesses are able to overcome these challenges, smallholder farmers remain disadvantaged in their
access to advanced technologies. These findings align with Gommes et al. (2021), who observed that small-scale
farmers are often excluded from the digital transformation due to limited financial resources and infrastructure
constraints. However, the study also found that mobile-based Al tools—which have lower entry costs and are more
accessible to farmers in rural areas—could bridge this gap and provide value even in areas with less advanced
infrastructure.

In addition to Al adoption, the study found that cybersecurity vulnerabilities are a major concern in the agro-
commerce sector. With the increasing reliance on cloud computing and Al-powered platforms, the risks of
cyberattacks—such as data breaches, ransomware, and identity theft—have grown. The study’s results show that
large agribusinesses are more likely to have robust cybersecurity systems in place, whereas smallholder farmers are
largely unaware of these risks, with only 30% of them adopting any form of cybersecurity measures. Data security
was particularly concerning, as many farmers use digital platforms for market access and transactional purposes,
making their data vulnerable to manipulation or theft.

The findings also highlighted the importance of integrating Al with cybersecurity, suggesting that these two
technologies must work in tandem for the agro-commerce ecosystem to thrive. As Al is deployed across various
agricultural sectors, the need for cybersecurity frameworks that protect sensitive data becomes even more crucial.
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This integration will not only enhance the security of agricultural data but also foster trust in the digital systems that
Al is enabling. Without a secure framework, the full potential of Al technologies will be undermined.

Broader Implications and Contribution

This study’s findings have significant implications for multiple stakeholders, including governments,
agribusinesses, and smallholder farmers. The integration of Al into Africa’s agro-commerce ecosystem can
transform agriculture by improving productivity, reducing environmental impacts, and enabling better decision-
making through real-time data analysis. However, these benefits will only be realized if stakeholders also address the
cybersecurity risks that accompany the digitalization of agriculture.

e For Policymakers, the study underscores the need to create comprehensive digital policies that not only
encourage the adoption of Al but also provide robust guidelines for cybersecurity. Governments should develop
national strategies for digital agriculture that integrate Al adoption with clear frameworks for data protection and
cybersecurity compliance. It is crucial for policymakers to ensure that both Al and cybersecurity become integral
components of Africa’s digital transformation agenda (World Bank, 2021). Additionally, regional cooperation is
needed to harmonize cybersecurity regulations and create regional digital security standards that protect all
participants in the agricultural value chain.

e For Agribusinesses, the study suggests that Al adoption must be paired with strong cybersecurity measures.
Agribusinesses should not only invest in Al technologies to optimize their operations but also implement security
protocols to safeguard their digital systems. Agribusinesses in Africa often lead the way in technological adoption;
therefore, they can set an example for smallholder farmers by demonstrating the importance of cybersecurity
alongside Al solutions. Investing in secure platforms, encrypting agricultural data, and building trust through
transparency will be essential for ensuring the sustainability and security of digital agriculture.

e For Smallholder Farmers, the study highlights that affordable and accessible Al tools need to be developed to
bridge the gap in Al adoption. Governments, NGOs, and agribusinesses should collaborate to ensure low-cost Al
solutions are available and that training programs are in place to help farmers use these tools effectively. Alongside
Al tools, cybersecurity training programs must be implemented to equip farmers with the knowledge to protect their
data privacy and digital assets. As Munyua (2021) emphasizes, digital literacy must be integrated into the broader
agricultural education system to ensure farmers are prepared to navigate both the opportunities and risks of digital
agriculture.

Recommendations for Future Research

While this study provides essential insights into the integration of Al and cybersecurity in Africa's agro-commerce
ecosystem, further research is needed to address the evolving landscape of digital agriculture. The following
recommendations outline potential areas for future research:

1. Longitudinal Studies on AI’s Impact: Given the relatively recent adoption of Al technologies in agriculture,
future research should focus on longitudinal studies to assess the long-term economic, social, and environmental
impacts of Al on agricultural productivity, climate resilience, and food security. Such studies will help evaluate the
sustainability of Al-driven solutions over time and identify any unintended consequences.

2. Comparative Regional Studies: A comparison of Al and cybersecurity adoption across different African regions
is necessary to understand how regional differences in infrastructure, policies, and regulations affect the adoption
of digital agricultural technologies. Studies should focus on both urban and rural areas to determine how
urbanization and regional economic differences influence the uptake of Al and cybersecurity.

3. Evaluating the Effectiveness of Public-Private Partnerships (PPPs): Future research should explore the role of
public-private partnerships in promoting the digital transformation of agriculture. Case studies on successful
collaborations between governments, agribusinesses, and technology providers can provide valuable insights into
scalable models for integrating Al and cybersecurity into African agro-commerce.

4. Blockchain and Al Integration: The potential of blockchain technology to secure agricultural transactions and
data should be further explored. Research could focus on how blockchain can complement Al in ensuring the
security, transparency, and traceability of agricultural products, especially in supply chain management.

5. Policy Impact Assessment: More research is needed on the impact of government policies and cybersecurity
regulations on the adoption of Al in agriculture. This could include an analysis of how government incentives,
subsidies, and tax incentives have affected Al adoption, as well as the barriers created by insufficient cybersecurity
policies.
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Practical Recommendations for Stakeholders

The following practical recommendations are made for key stakeholders involved in the development and
implementation of Al and cybersecurity in Africa’s agro-commerce sector:

1. For Policymakers:

o Develop comprehensive and tailored Al and cybersecurity policies that promote secure digital transformation
in agriculture.

o Invest in digital infrastructure, particularly in rural areas, to enable equitable access to Al technologies and
secure online platforms.

o Implement educational and awareness campaigns to promote the adoption of both Al and cybersecurity
technologies among farmers and agribusinesses.

2. For Agribusinesses:
o Ensure that cybersecurity is integrated into Al adoption strategies from the outset.

o Collaborate with smallholder farmers to develop accessible, affordable Al tools, and cybersecurity best
practices.

Invest in secure digital platforms that provide transparency and build trust in the agro-commerce ecosystem.
For Smallholder Farmers:

Engage in digital literacy programs to understand both Al tools and cybersecurity risks.

Adopt low-cost, mobile-based Al solutions that improve efficiency and reduce resource waste.

0O 0 0 W o

Protect personal and financial data by utilizing secure digital platforms and participating in cybersecurity
awareness training.
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