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ABSTRACT 

Agriculture has always been the backbone of the economies of African nations, but most of the time it has been 

hampered by inefficient and opaque post-harvest losses. Digital technologies hold a promise to effectively solve 

these problems. Blockchain can create an end-to-end trackable system that is permissionless, traceable, and 

incorruptible. It makes available a smart contract framework for fair and self-executing transactions while 

reducing fraud. Predictive analysis through Artificial Inteigience(AI) can be useful in precision farming by 

optimizing yields, pest/disease detection, and market demand forecasting. These technologies working 

synergistically provide powerful combinations whereby blockchain ensures traceability of all information 

collected from the generated data from AI applications. Thus, accurate decision-making based on trustworthy 

sources is enabled and deals in specific applications; for example, supply chain efficiency improvements arise 

out of provenance verification, quality assurances, and logistics optimizations with minimized food wastage 

through increased observation capabilities.  

Yet, despite the great promise, the obstacles to adoption are significant and include poor rural connectivity with 

the internet, a lack of digital literacy, high implementation costs, the mistrust arising from culture, and uneven 

and contradictory regimens across the continent. Possible areas for future development are scalable mobile 

solutions, a BaaS (Block-chain as a Service) model, private-public collaboration, and localized customizations 

for local normals. A successful integration of such technologies can substantially improve food security, 

sustainability, growth, and prosperity across Africa's agricultural landscape. 
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I. Introduction 

The agricultural sector serves as a critical engine for economic growth and a primary source of 

livelihood for a significant majority of the population across the African continent (Mwewa et al., 2024; Sama, 

2023). However, despite its pivotal role, African agriculture is often beset by a complex web of challenges that 

hinder its full potential. These challenges include fragmented supply chains, inadequate infrastructure, limited 

access to financial resources and markets for smallholder farmers, and a lack of transparent and efficient 

systems for tracking and trading agricultural commodities (Mwewa et al., 2024; Sama, 2023). The consequences 

of these inefficiencies are far-reaching, contributing to substantial post-harvest losses, unstable pricing for 

farmers, reduced consumer trust in food safety and quality, and ultimately, hindering the overall economic 

development of the region (Mwewa et al., 2024; Sama, 2023). 

In an era defined by rapid technological advancements, the integration of cutting-edge digital solutions 

offers a beacon of hope for transforming the agricultural landscape in Africa. Among these innovations, 

blockchain technology and artificial intelligence (AI) have emerged as particularly promising tools with the 

potential to address many of the deep-rooted challenges plaguing the sector (Tang et al., 2024; Chen et al., 

2023). Blockchain, with its fundamental characteristics of decentralisation, immutability, transparency, and 

security, offers a novel approach to building trust and efficiency within agricultural value chains (Tang et al., 

2024; Kshetri, 2021). By providing a tamper-proof and auditable record of transactions and product journeys, 

blockchain can enhance traceability, combat fraud, and facilitate fairer and more automated interactions between 

diverse stakeholders through the implementation of smart contracts (Tang et al., 2024; Kshetri, 2021). 

Similarly, artificial intelligence presents a powerful suite of analytical and predictive capabilities that 

can optimise various aspects of agricultural production and supply chain management (Assimakopoulos et al., 

2024; Gikunda, 2024). AI technologies, encompassing machine learning, big data analytics, computer vision, 

and the Internet of Things (IoT), can provide valuable insights for precision agriculture, enabling farmers to 

make data-driven decisions regarding planting, irrigation, pest and disease management, and harvesting, 

ultimately leading to increased yields and resource efficiency (Assimakopoulos et al., 2024; Gikunda, 2024). 

Furthermore, AI can play a crucial role in forecasting market demands, optimising logistics, and reducing waste 

across the agricultural value chain (Assimakopoulos et al., 2024; Gikunda, 2024). 

http://www.ijerd.com/
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This paper seeks to provide a comprehensive review of the transformative potential of integrating 

blockchain and AI technologies within agricultural value chains across African markets. It will delve into the 

fundamental principles of these technologies and explore their specific applications in addressing key challenges 

within the sector. By examining the synergistic relationship between blockchain and AI, this paper will highlight 

how their combined strengths can create more resilient, transparent, and efficient agricultural systems. While 

acknowledging the significant promise these technologies hold, the article will also critically assess the 

substantial challenges and barriers that currently impede their widespread adoption in the African context. 

Finally, it will explore future prospects and propose strategic approaches that can facilitate the successful 

integration of blockchain and AI to support sustainable agricultural development, enhance food security, and 

drive inclusive economic growth throughout the African continent. 

 

II. Understanding Agricultural Value Chains in Africa 

The agricultural value chain in Africa encompasses the entire spectrum of activities involved in bringing 

agricultural products from their initial production on farms to the final consumer (Sama, 2023; Orwothwun & 

Qutieshat, 2022). This complex network typically includes several key stages: primary production (farming and 

cultivation), post-harvest handling and storage, processing, transportation and logistics, marketing and 

distribution, and ultimately, consumption (Sama, 2023; Orwothwun & Qutieshat, 2022). However, unlike more 

integrated value chains in developed economies, African agricultural value chains are often characterised by 

fragmentation, with numerous independent actors operating across different stages (Sama, 2023; Feyaerts et al., 

2020). 

A significant feature of African agriculture is the dominance of smallholder farmers, who constitute the 

majority of agricultural producers and contribute substantially to the region's food supply (Orwothwun & 

Qutieshat, 2022; Von Braun & Mirzabaev, 2015). These small-scale farmers often operate with limited 

resources, including access to land, capital, modern farming inputs, and technology (Balana & Oyeyemi, 2022). 

Consequently, they face numerous challenges that constrain their productivity and their ability to effectively 

participate in and benefit from agricultural value chains (Balana & Oyeyemi, 2022). 

One of the primary challenges is limited access to formal financial services (Balana & Oyeyemi, 2022; 

Orwothwun & Qutieshat, 2022). Without adequate access to credit and financing, smallholder farmers often 

struggle to invest in improved farming practices, purchase quality inputs, or manage risks associated with 

weather variability and market fluctuations (Balana & Oyeyemi, 2022). Furthermore, access to reliable and 

efficient markets remains a significant hurdle (Orwothwun & Qutieshat, 2022). Many farmers lack adequate 

market information regarding prices and demand, and they often face logistical difficulties in transporting their 

produce to profitable markets due to poor infrastructure, including inadequate road networks and storage 

facilities (Sama, 2023; Orwothwun & Qutieshat, 2022). This often forces them to rely on intermediaries, who 

may offer lower prices, thereby reducing their income and market power (Abdulquadri et al., 2024). 

Futhermore, information asymmetry is a pervasive issue within African agricultural value chains 

(Abdulquadri et al., 2024). Farmers often lack access to timely and accurate information about market trends, 

best farming practices, and quality standards. This information gap can lead to suboptimal decision-making, 

lower yields, and difficulties in meeting the requirements of higher-value markets (Abdulquadri et al., 2024). 

Coupled with these challenges, issues of transparency and accountability are significant concerns (Mwewa et al., 

2024). The involvement of numerous intermediaries and the prevalence of manual record-keeping often obscure 

the flow of goods and information, making it difficult to track the origin and quality of agricultural products and 

increasing the risk of fraudulent practices (Mwewa et al., 2024). Addressing these multifaceted challenges 

within African agricultural value chains is crucial for unlocking the sector's potential to contribute to food 

security, economic growth, and improved livelihoods across the continent. 

 

III. Role of Blockchain in Agricultural Value Chains 

Blockchain technology, with its core principles of decentralisation, immutability, transparency, and 

security, offers a compelling framework for addressing many of the challenges inherent in African agricultural 

value chains (Tang et al., 2024; Kshetri, 2021). As a distributed ledger system, blockchain records transactions 

across a network of computers, eliminating the need for a central authority and ensuring that data is not 

controlled by a single entity (Tang et al., 2024; Kshetri, 2021). This decentralised nature enhances resilience and 

reduces the risk of single points of failure, making the system more robust and trustworthy (Tang et al., 2024; 

Kshetri, 2021). 

One of the most significant applications of blockchain in agricultural value chains is its ability to 

provide transparent and tamper-proof tracking of agricultural produce from its origin to the final consumer 

(Tang et al., 2024; Kshetri, 2021). Every transaction and event in the product's journey, such as planting dates, 

fertiliser and pesticide use, harvesting times, transportation details, and storage conditions, can be securely 

recorded on the blockchain, creating an immutable and auditable trail (Tang et al., 2024; Kshetri, 2021). This 
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enhanced traceability offers numerous benefits, including improved food safety by enabling rapid identification 

of contamination sources and facilitating efficient recalls (Tang et al., 2024). It also empowers consumers with 

greater transparency about the origin, quality, and handling of their food, thereby building trust and confidence 

in the supply chain (Tang et al., 2024). Furthermore, for farmers seeking access to export markets that require 

stringent quality and provenance standards, blockchain can provide verifiable proof of compliance, opening up 

new opportunities for trade (Mwewa et al., 2024). 

In addition to traceability, blockchain technology facilitates the use of smart contracts, which are self-

executing agreements with the terms of the contract directly written into code (Tang et al., 2024; Kshetri, 2021). 

These smart contracts can automate various processes within the agricultural value chain, such as payments, 

quality verification, and transfer of ownership, based on predefined conditions being met (Tang et al., 2024; 

Kshetri, 2021). For instance, a smart contract could automatically release payment to a farmer upon 

confirmation of delivery and quality inspection of their produce, without the need for intermediaries or manual 

intervention (Mokgomola et al., 2022). This automation can reduce transaction costs, minimise delays, ensure 

fair and timely payments to farmers, and build trust between trading partners (Mokgomola et al., 2022). 

Moreover, blockchain can streamline agricultural financial services, such as facilitating access to credit and 

insurance for smallholder farmers by providing a secure and transparent record of their activities and 

transactions (Omanwa, 2023; Mavilia & Pisani, 2021). By creating a more efficient and trustworthy ecosystem 

for recording and exchanging value and information, blockchain technology holds significant potential to 

transform African agricultural value chains, making them more transparent, efficient, and equitable for all 

stakeholders. 

 

IV. Role of Artificial Intelligence in Agricultural Value Chains 

Artificial intelligence (AI) is playing an increasingly pivotal role in modernising and optimising 

agricultural practices and value chains across the globe, including in African markets (Assimakopoulos et al., 

2024; Gikunda, 2024). By leveraging its advanced analytical and predictive capabilities, AI offers a powerful 

toolkit for addressing key challenges related to productivity, efficiency, sustainability, and risk management 

within the agricultural sector (Assimakopoulos et al., 2024; Gikunda, 2024). 

One of the most transformative applications of AI in agriculture lies in the realm of precision 

agriculture (Assimakopoulos et al., 2024; Gikunda, 2024). AI-powered systems can analyse vast amounts of 

data collected from various sources, such as satellite imagery, drone surveillance, ground-based sensors 

(monitoring soil conditions, weather patterns, and crop health), and historical agricultural data . By applying 

machine learning algorithms to this data, AI can provide farmers with valuable insights for making more 

informed decisions (Assimakopoulos et al., 2024; Gikunda, 2024). This includes optimising planting schedules 

based on weather forecasts and soil conditions, precisely managing irrigation and fertiliser application to 

maximise resource efficiency and minimise environmental impact, and enabling targeted interventions for pest 

and disease management, reducing the need for broad-spectrum treatments (Assimakopoulos et al., 2024; 

Gikunda, 2024). Finally, precision agriculture practices driven by AI can lead to significant increases in crop 

yields, improved product quality, and reduced input costs for farmers  

Furthermore, AI plays a crucial role in predictive analytics within agricultural value chains 

(Assimakopoulos et al., 2024; Odeyemi et al., 2024). By analysing historical data on crop yields, weather 

patterns, market trends, and economic indicators, AI models can forecast future production levels and market 

demands with greater accuracy (Odeyemi et al., 2024). This capability enables better planning across the supply 

chain, from optimising inventory management and logistics to informing farmers' decisions on what and when 

to plant based on anticipated market demands and prices. Similalry, AI can be leveraged to predict potential 

risks, such as disease outbreaks or pest infestations, by analysing environmental and biological data, allowing 

for timely interventions to mitigate crop losses (Assimakopoulos et al., 2024; Gikunda, 2024). Moreover, AI-

powered tools can assist in optimising agricultural logistics, including transportation routes, storage conditions, 

and distribution networks, by analysing real-time data and predictive models to reduce waste, improve 

efficiency, and enhance market access for farmers (Assimakopoulos et al., 2024). By providing actionable 

insights and enabling data-driven decision-making across the agricultural value chain, AI holds immense 

potential to transform the sector in Africa, leading to increased productivity, improved sustainability, and 

enhanced resilience to various challenges. 

 

V. Integration of Blockchain and AI 

The integration of blockchain and artificial intelligence (AI) presents a powerful synergy that can 

amplify the benefits and address some of the limitations of each technology when applied independently to 

agricultural value chains (Chen et al., 2023; Krupitzer, 2024]. Blockchain technology excels in providing a 

secure, transparent, and immutable infrastructure for recording and sharing data across a network of 

stakeholders (Tang et al., 2024; Kshetri, 2021). Its inherent characteristics ensure data integrity, traceability, and 
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trust, making it an ideal platform for capturing critical information related to agricultural products and 

transactions (Tang et al., 2024; Kshetri, 2021). 

Alternatively, AI technologies are adept at analysing vast datasets to extract valuable insights, identify 

patterns, make predictions, and automate decision-making processes (Assimakopoulos et al., 2024; Gikunda, 

2024). The effectiveness of AI heavily relies on the availability of high-quality and reliable data 

(Assimakopoulos et al., 2024; Gikunda, 2024). This is where the integration with blockchain becomes 

particularly compelling. By leveraging blockchain as the underlying data management system, the data that AI 

algorithms analyse can be secured against tampering, ensuring its integrity and trustworthiness (Chen et al., 

2023). The immutability of blockchain records provides a reliable foundation for AI-driven insights, as 

stakeholders can have greater confidence in the accuracy and provenance of the data being used for analysis and 

prediction (Chen et al., 2023). 

The combined use of blockchain and AI can create more efficient and reliable systems for various 

applications within agricultural value chains. For instance, in traceability systems, blockchain can securely 

record the entire journey of a product, while AI can analyse the data collected at different stages (e.g., 

temperature, humidity, location) to predict potential quality issues or inefficiencies (Vilas-Boas et al., 2023). 

This integration allows for proactive interventions to reduce food loss and ensure product quality (Vilas-Boas et 

al., 2023). Similarly, in optimising supply chain logistics, blockchain can provide a transparent record of all 

transactions and movements, while AI algorithms can analyse this data along with other factors (e.g., weather, 

traffic) to optimise routes and schedules (Richey et al., 2023). Furthermore, the integration of these technologies 

can enhance the functionality of smart contracts. Blockchain can securely store and execute smart contracts, 

while AI can provide the intelligence to trigger and manage the conditions within these contracts based on real-

time data analysis (Mokgomola et al., 2022). For example, AI could analyse weather data and crop conditions to 

automatically trigger an insurance payout via a blockchain-based smart contract in the event of a natural disaster 

(FAO & ITU, 2019). 

Moreover, the integration of blockchain and AI can address concerns related to data privacy and 

security. While blockchain provides a secure and transparent ledger, AI algorithms can be used to analyse data 

in a privacy-preserving manner, ensuring that sensitive information is protected while still generating valuable 

insights (Chen et al., 2023). This synergy between blockchain's security features and AI's analytical power can 

foster a more trustworthy and efficient data ecosystem for agricultural value chains in African markets, 

empowering stakeholders with reliable information for better decision-making and fostering greater 

collaboration across the sector. 

 

VI. Improving Supply Chain Efficiency 

The integration of blockchain and artificial intelligence (AI) holds significant promise for enhancing 

the efficiency of agricultural supply chains in African markets by addressing key bottlenecks and optimising 

various operational aspects (Tang et al., 2024; Odeyemi et al., 2024). Blockchain technology provides a robust 

foundation for ensuring the provenance and quality of agricultural products through its transparent and 

immutable record-keeping capabilities (Tang et al., 2024; Kshetri, 2021). By recording every step of a product's 

journey from farm to consumer on the blockchain, stakeholders can readily verify its origin, handling conditions, 

and authenticity, thereby building trust and reducing the risk of fraud and counterfeit products (Tang et al., 2024; 

Kshetri, 2021). This enhanced transparency and traceability contribute to a more efficient supply chain by 

enabling quick identification of issues, facilitating smoother transactions, and reducing the need for lengthy 

manual verification processes (Tang et al., 2024; Kshetri, 2021). 

Futhermore, AI plays a crucial role in optimising the logistics and demand forecasting aspects of 

agricultural supply chains (Odeyemi et al., 2024; Assimakopoulos et al., 2024). AI algorithms can analyse vast 

datasets, including historical sales data, weather patterns, market trends, and transportation information, to 

generate accurate demand forecasts. This enables better production planning, inventory management, and 

resource allocation, minimising the risks of overstocking or stockouts, and reducing overall operational costs 

(Odeyemi et al., 2024; Assimakopoulos et al., 2024). Furthermore, AI can optimise transportation routes and 

schedules by analysing real-time traffic data, weather conditions, and delivery locations, leading to reduced 

transportation times, lower fuel consumption, and improved delivery efficiency (Assimakopoulos et al., 2024). 

The integration of AI with IoT devices, such as GPS trackers and environmental sensors, provides real-time 

visibility into the location and condition of goods in transit, allowing for proactive management of potential 

delays or spoilage (Vilas-Boas et al., 2023). Blockchain can then securely record this real-time data, ensuring its 

accuracy and providing an auditable record of the product's journey and condition upon arrival. 

In addition, AI-powered platforms can facilitate more efficient market linkages by connecting farmers directly 

with buyers, reducing the reliance on numerous intermediaries (Abdulquadri et al., 2024). By providing farmers 

with access to real-time market information and demand forecasts generated by AI, they can make more 

informed decisions about what and when to sell their produce, potentially leading to better prices and reduced 
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post-harvest losses (Abdulquadri et al., 2024). Blockchain can further enhance these direct market connections 

by providing a secure and transparent platform for transactions and payments, facilitated by smart contracts that 

automate the execution of agreements (Mokgomola et al., 2022). This combination of AI-driven insights and 

blockchain's secure transactional capabilities can create more streamlined, transparent, and efficient agricultural 

supply chains in African markets, benefiting all stakeholders involved. 

 

VII. Addressing Food Loss and Waste 

Food loss and waste represent a significant challenge within African agricultural value chains, 

contributing to economic losses, food insecurity, and environmental degradation (Sama, 2023; Benyam et al., 

2021). The integration of blockchain and artificial intelligence (AI) offers promising solutions for mitigating 

FLW across various stages of the supply chain through enhanced monitoring, prediction, and management 

capabilities (Shiraishi et al., 2025; Benyam et al., 2021). 

Blockchain technology can play a crucial role in monitoring the conditions under which agricultural 

products are stored and transported (Shiraishi et al., 2025; Pearson et al., 2019). By recording data from 

environmental sensors (e.g., temperature, humidity) embedded in storage facilities and transportation vehicles 

onto the blockchain, stakeholders can gain real-time visibility into the conditions that affect the quality and shelf 

life of perishable goods (Shiraishi et al., 2025; Pearson et al., 2019). The immutability of blockchain records 

ensures the integrity of this data, providing an auditable history of the product's environment throughout its 

journey (Shiraishi et al., 2025). This enhanced monitoring enables proactive interventions to prevent spoilage 

and reduce post-harvest losses. For instance, if temperature deviations are detected, alerts can be automatically 

triggered, allowing for timely corrective actions to be taken (Vilas-Boas et al., 2023). Furthermore, blockchain's 

traceability capabilities allow for quick identification and isolation of affected batches in case of quality issues, 

minimising the scope of potential food waste (Shiraishi et al., 2025). 

Complementing blockchain's monitoring capabilities, AI can provide powerful predictive analytics to 

address food loss and waste (Odeyemi et al., 2024; Assimakopoulos et al., 2024). By analysing historical data 

on crop yields, weather patterns, storage conditions, and market demands, AI algorithms can forecast harvest 

times and predict potential surpluses or shortages . This predictive capability allows for better planning of 

harvesting, storage, and distribution, ensuring that produce reaches markets in a timely manner and minimising 

the risk of overproduction and subsequent waste (Odeyemi et al., 2024; Assimakopoulos et al., 2024). AI can 

also optimise storage management by analysing data on product perishability and storage conditions to 

recommend optimal storage durations and conditions, thereby extending shelf life and reducing spoilage 

(Onyeaka et al., 2023). 

Moreover, the integration of AI and blockchain can facilitate more efficient matching of supply and 

demand (Abdulquadri et al., 2024). AI-powered platforms can provide farmers with real-time insights into 

market demands and connect them directly with buyers, reducing the likelihood of produce going unsold and 

wasted (Abdulquadri et al., 2024). Blockchain can secure the transactions and agreements made through these 

platforms, ensuring fair and transparent trading (Mokgomola et al., 2022). By combining blockchain's ability to 

track and monitor product conditions with AI's predictive and optimising capabilities, African agricultural value 

chains can make significant strides in reducing food loss and waste, contributing to greater food security and 

sustainability. 

 

VIII. Challenges 

Despite the considerable potential of blockchain and artificial intelligence (AI) to revolutionise African 

agricultural value chains, several significant challenges and barriers impede their widespread adoption and 

effective implementation (Tang et al., 2024; Gikunda, 2024). Addressing these hurdles is crucial for unlocking 

the full transformative power of these technologies within the region. 

One of the most fundamental challenges is the limited internet connectivity and digital literacy 

prevalent in many rural areas across Africa, where the majority of agricultural activities take place (Tang et al., 

2024; Alobid et al., 2022). Blockchain technology relies on network connectivity for data recording and sharing, 

while AI applications often require significant data processing and access to cloud-based resources (Tang et al., 

2024; Alobid et al., 2022). The lack of reliable internet infrastructure and the low levels of digital literacy 

among smallholder farmers and other value chain actors create a significant barrier to the adoption and effective 

use of these technologies. Many farmers may lack the skills and familiarity needed to operate digital platforms, 

use smartphones for data input, or understand the benefits of these technologies . 

Another significant impediment is the high costs of adoption associated with implementing 

blockchain and AI solutions (Tang et al., 2024; Sama, 2023). These costs can include investments in hardware 

(e.g., sensors, smartphones, computers), software development and platform subscriptions, data storage and 

processing infrastructure, and training programs for users . For smallholder farmers and small and medium-sized 

enterprises (SMEs) in the agricultural sector, who often operate with limited financial resources, these upfront 
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and ongoing costs can be prohibitive, discouraging them from adopting these technologies despite their potential 

benefits (Tang et al., 2024; Sama, 2023). 

Cultural mistrust and a lack of awareness about the benefits of blockchain and AI also pose significant 

challenges (Mwewa et al., 2024; Kraft & Kellner, 2022). The novelty of these technologies, coupled with a 

potential lack of understanding of their functionalities and security features, can lead to skepticism and 

resistance to change among stakeholders who are accustomed to traditional practices . Building trust in these 

digital systems requires effective awareness campaigns, demonstration of tangible benefits through successful 

pilot projects, and the involvement of trusted intermediaries to facilitate adoption (Mwewa et al., 2024; Kraft & 

Kellner, 2022). 

Finally, regulatory inconsistencies and the absence of clear legal frameworks for blockchain and AI in many 

African countries create uncertainty and can hinder investment and adoption (Tang et al., 2024; Sama, 2023). 

The lack of specific regulations governing data privacy, security, smart contracts, and the legal recognition of 

blockchain-based records can create barriers to widespread implementation and interoperability across different 

jurisdictions (Tang et al., 2024; Sama, 2023). Harmonising regulatory standards and establishing supportive 

policy frameworks are essential for fostering a conducive environment for the adoption of blockchain and AI in 

African agricultural value chains. 

 

IX. Future Prospects 

Despite the challenges, the future prospects for the integration of blockchain and AI in African agricultural 

value chains are promising, driven by ongoing technological advancements, increasing digital penetration, and a 

growing recognition of the potential of these technologies to address critical sector challenges (Tang et al., 2024; 

Gikunda, 2024). Several key trends and opportunities point towards a more widespread adoption and impactful 

use of blockchain and AI in African agriculture in the coming years. 

Scalable and affordable mobile solutions 
The development of scalable and affordable mobile solutions tailored to the specific needs and constraints of 

smallholder farmers holds significant promise (Mwangakala et al., 2024; Sama, 2023). As smartphone adoption 

continues to rise across Africa, leveraging mobile-based applications that integrate blockchain and AI 

functionalities can lower the barrier to entry for farmers These applications can provide user-friendly interfaces 

for data input, access to real-time market information and AI-driven advisories, and secure transaction 

capabilities powered by blockchain, all accessible through devices that farmers are increasingly familiar with 

 

Blockchain as a Service (BaaS) platforms 
The adoption of Blockchain as a Service (BaaS) platforms can further streamline the implementation of 

blockchain technology by providing cloud-based solutions that abstract away the complexities of managing and 

maintaining the underlying blockchain infrastructure (Tang et al., 2024). BaaS platforms can offer cost-effective 

and scalable models for businesses and organisations in the agricultural sector to develop, host, and use 

blockchain applications without significant upfront investment or technical expertise (Tang et al., 2024). 

Public-private partnerships (PPPs) 
Fostering public-private partnerships (PPPs) will be crucial for driving the adoption and scaling of blockchain 

and AI solutions in African agriculture  The Case for Digital Smart Platform For Agricultural Value Chains In 

Africa .Collaborations between governments, technology providers, agribusinesses, research institutions, and 

non-governmental organisations can pool resources, share expertise, and create an enabling environment for 

innovation and implementation . Governments can play a vital role in establishing supportive regulatory 

frameworks, investing in digital infrastructure, and promoting digital literacy, while the private sector can 

contribute technological expertise and drive the development of market-relevant solutions  

 

Future work 

Future research and development efforts must focus on context-specific adaptationsof blockchain and 

AI technologies to address the unique socio-economic, infrastructural, and agricultural realities of different 

regions within Africa (Tang et al., 2024). Generic solutions may not be effective across the diverse landscapes 

and farming systems of the continent. Therefore, tailoring these technologies to local contexts, considering 

factors such as prevalent crops, existing infrastructure, cultural nuances, and the specific needs of smallholder 

farmers, will be essential for successful adoption and impact. 

Finally, the emergence of generative AI presents new possibilities for the agricultural sector, 

particularly in areas such as data augmentation for training AI models (e.g., generating synthetic images of crop 

diseases), creating more intuitive user interfaces (e.g., AI-powered chatbots for farmer support), and potentially 

even generating novel agricultural practices or solutions based on learned patterns (Krupitzer, 2024). While still 

in its early stages of application in agriculture, generative AI holds the potential to further enhance the 

capabilities and accessibility of AI tools for African farmers and agricultural stakeholders . 
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X. Conclusion 

The combination of AI and blockchain is a conceptual structure that has significant possibilities to 

answer Africa's historical concerns of trust, efficiency, and transparency within African agricultural value chains. 

The use of blockchain offers a safe and auditable ledger for transaction registration and tracing, while the AI 

provides significant analysis capabilities to improve production, logistics, and decision-making. The synergistic 

integration of these technologies can create more sustainable, resilient, and equitable agricultural systems 

throughout the African continent. 

By improving traceability, blockchain can make food quality and safety better, reduce fraud, and establish 

consumer trust, while AI can maximize the utilization of resources, predict yields, and facilitate more effective 

market connections, ultimately increasing productivity and waste reduction. The possible impacts are to 

empower smallholder farmers by more balanced trade, wider access to finance, and better market information. 

However, the path to mass adoption and useful integration of blockchain and AI technologies in African 

agriculture comes with major challenges. Limited infrastructure, digital literacy, cost, cultural, and regulatory 

infrastructure challenges have to be managed strategically through coordinated efforts from governments, the 

private sector, research institutions, and development partners. 

In the coming times, the future of African agricultural revolution is likely to become increasingly intertwined 

with the strategic application of digital technologies like blockchain and AI. Scalable mobile solutions, BaaS 

platform adoption, public-private partnerships, context-specific innovations, and forays into newer AI 

applications are promising paths for realizing the revolutionary potential of these technologies. By adopting 

innovation, fostering collaboration, and addressing the current challenges, African nations can leverage the 

power of blockchain and AI to create more transparent, efficient, and sustainable agricultural value chains, 

thereby enhancing food security, ensuring economic growth, and improving the livelihoods of millions of 

Africans. 

 

REFERENCES 
[1]. Abdulquadri, A., Aliyu, A. O., Suleiman, W. O., & Yahaya, B. O. (2024). Transforming Nigeria's Agricultural Value Chains: The 

Role of Digital Platforms in Market Access and Price Transparency. UNIZIK Journal of Marketing (UJofM), 1(2), 37–57. 

[2]. Alobid, M., Abujudeh, S., & Szűcs, I. (2022). The Role of Blockchain in Revolutionizing the Agricultural Sector. Sustainability, 

14(7), 4313. 
[3]. Assimakopoulos, F., Vassilakis, C., Margaris, D., Kotis, K., & Spiliotopoulos, D. (2024). Artificial Intelligence Tools for the 

Agriculture Value Chain: Status and Prospects. Electronics, 13(22), 4362. 

[4]. Balana, B. B., & Oyeyemi, M. A. (2022). Agricultural credit constraints in smallholder farming in developing countries: evidence 
from Nigeria. World Development Sustainability, 1, 100012. 

[5]. Belhadi, A., Kamble, S., Subramanian, N., Singh, R., & Venkatesh, M. (2024). Digital capabilities to manage agri-food supply chain 

uncertainties and build supply chain resilience during compounding geopolitical disruptions. International Journal of Operations & 
Production Management, 44(1), 1–33. 

[6]. Benyam, A., Soma, T., & Fraser, E. (2021). Digital agricultural technologies for food loss and waste prevention and reduction: 

Global trends, adoption opportunities and barriers. Journal of Cleaner Production, 323, 129099. 
[7]. Chen, H.-Y., Sharma, K., Sharma, C., & Sharma, S. (2023). Integrating explainable artificial intelligence and blockchain to smart 

agriculture: Research prospects for decision making and improved security. Smart Agricultural Technology, 6, 100350. 

[8]. FAO, & ITU. (2019). E-agriculture in action: blockchain in agriculture: opportunities and challenges. Food and Agriculture 
Organization of the United Nations and International Telecommunication Union. 

[9]. Feyaerts, H., Broeck, G. V. d., & Maertens, M. (2020). Global and local food value chains in Africa: A review. Agricultural 

Economics, 51(1), 143–157. 
[10]. Gikunda, K. (2024). Harnessing Artificial Intelligence for Sustainable Agricultural Development in Africa: Opportunities, Challenges, 

and Impact. arXiv preprint arXiv:2401.06171. 

[11]. Kamble, S. S., Gunasekaran, A., & Sharma, R. (2020). Modeling the blockchain enabled traceability in agriculture supply chain. 
International Journal of Information Management, 52, 101967. 

[12]. Kraft, S. K., & Kellner, F. (2022). Can Blockchain Be a Basis to Ensure Transparency in an Agricultural Supply Chain? 

Sustainability, 14(13), 8044. 
[13]. Krupitzer, C. (2024). Generative artificial intelligence in the agri-food value chain—overview, potential, and research challenges. 

Frontiers in Food Science and Technology, 4, 1473357. 

[14]. Kshetri, N. (2021). Blockchain and sustainable supply chain management in developing countries. International Journal of 
Information Management, 60, 102376. 

[15]. Li, X., Wang, D., & Li, M. (2020). Convenience analysis of sustainable E-agriculture based on blockchain technology. Journal of 

Cleaner Production, 271, 122503. 

[16]. Lin, Y.-P., Petway, J. R., Anthony, J., Mukhtar, H., Liao, S.-W., Chou, C.-F., & Ho, Y.-F. (2017). Blockchain: The Evolutionary 

Next Step for ICT E-Agriculture. Environments, 4(3), 50. 
[17]. Ma, P., Tsai, S., He, Y., Jia, X., Zhen, D., Yu, N., Zhou, X., Zhuang, Y., & Yu, H. (2024). Large language models in food science: 

Innovations, applications, and future. Trends in Food Science & Technology, 148, 104488. 

[18]. Makkar, R., & Kaur, P. (2023). ASBlock: An Agricultural-based Supply Chain Management using Blockchain Technology. In 
Information Systems Design and Intelligent Applications 2022: Proceedings of the 7th International Conference on ISDA 2022, 

Volume 1 (pp. 103–112). Springer Nature Singapore. 

[19]. Maru, A., Mohan, S., & колесов, Д. (2018). Digital technologies in agriculture and rural areas. Food and Agriculture Organization 
of the United Nations. 

[20]. Mavilia, R., & Pisani, R. (2020). Blockchain and catching-up in developing countries: The case of financial inclusion in Africa. 

African Journal of Science, Technology, Innovation and Development, 12(2), 151–163. 



Blockchain and AI Integration for Agricultural Value Chains in African Markets 

275 

[21]. Mavilia, R., & Pisani, R. (2021). Blockchain for agricultural sector: The case of South Africa. African Journal of Science, 

Technology, Innovation and Development, 13(1), 845–851. 
[22]. Minh Son, N., Nguyen, T.-L., Phan Thị, H., & Hien, L. (2021). Novel system using blockchain for origin traceability of agricultural 

products. Sensor Materials, 33(2), 601. 

[23]. Mitchell, J., Keane, J., & Coles, C. (2009). Trading up: How a value chain approach can benefit the rural poor. London: COPLA 
Global: Overseas Development Institute. 

[24]. Modgil, S., Singh, R. K., & Hannibal, C. (2021). Artificial intelligence for supply chain resilience: learning from COVID-19. The 

International Journal of Logistics Management, 33(4), 1246–1268. 
[25]. Mohamed, I., Nangpiire, C., Detoh, W. M., & Fataw, Y. (2024). The Effect of Blockchain Technology in Enhancing Ethical Sourcing 

and Supply Chain Transparency: Evidence from the Cocoa and Agricultural Sectors in Ghana. African Journal of Empirical Research, 

5(2), 55–64. 
[26]. Mokgomola, F., Telukdarie, A., Munien, I., Onkonkwo, U., & Vermeulen, A. (2024). Blockchain and Smart Contracts Based 

Agricultural Supply Chain. Procedia Computer Science, 237, 637–644. 

[27]. Mwanga, G., Mujibi, F., Yonah, Z., & Chagunda, M. (2018). Multi-country investigation of factors influencing breeding decisions by 
smallholder dairy farmers in sub-Saharan Africa. Tropical Animal Health and Production, 51(2), 395–409. 

[28]. Mwangakala, H. A., Mongi, H., Ishengoma, F., Shao, D., Chali, F., Mambile, C., Julius, B., & Katusiime, J. (2024). Leveraging 

Blockchain Technology to Revitalize Agricultural Supply Chain in East Africa: Lessons from Tanzania and Uganda. Evidence for 
Innovation: Project Development Grants. 

[29]. Mwewa, T., Lungu, G., Turyasingura, B., Umer, Y., & Chavula, P. (2024). Blockchain Technology: A Review Study on Improving 

Efficiency and Transparency in Agricultural Supply Chains. Jurnal Galaksi (Global Knowledge, Artificial Inteligent and Information 
System), 1(3), 178–189. 

[30]. Nayal, K., Raut, R., Priyadarshinee, P., Narkhede, B. E., Kazancoglu, Y., & Narwane, V. S. (2021). Exploring the role of artificial 

intelligence in managing agricultural supply chain risk to counter the impacts of the COVID-19 pandemic. The International Journal 
of Logistics Management, 33(3), 744–772. 

[31]. Naz, F., Agrawal, R., Gunasekaran, A., Majumdar, A., & Luthra, S. (2022). Reviewing the applications of artificial intelligence in 

sustainable supply chains: exploring research propositions for future directions. Business Strategy and the Environment, 31(5), 2400–
2423. 

[32]. Niforos, M. (2017). Beyond fintech: Leveraging blockchain for more sustainable and inclusive supply chains (EMCompass Note 45). 

Washington DC: International Finance Corporation (World Bank Group). 
[33]. Niknejad, N., Ismail, W., Bahari, M., Hendradi, R., & Salleh, A. Z. (2021). Mapping the research trends on blockchain technology in 

food and agriculture industry: A bibliometric analysis. Environmental Technology & Innovation, 21, 101272. 

[34]. Odeyemi, O., Ike, C. U., Odeyemi, O., Usman, F. O., & Mhlongo, N. Z. (2024). Ai-driven predictive analytics in agricultural supply 
chains: A review: Assessing the benefits and challenges of ai in forecasting demand and optimizing supply in agriculture. Computer 

Science & IT Research Journal, X(Y), 1–10. 

[35]. Olan, F., Liu, S., Suklan, J., Jayawickrama, U., & Arakpogun, E. (2021). The role of artificial intelligence networks in sustainable 
supply chain finance for food and drink industry. International Journal of Production Research, 60(14), 4418–4433. 

[36]. Omanwa, J. (2023). Exploring the Potential of Blockchain Technology in The Agricultural Industry in East Africa. ScienceOpen 
Preprints, (Version 1). 

[37]. Onyeaka, H., Tamasiga, P., Nwauzoma, U. M., Miri, T., Juliet, U. C., Nwaiwu, O., & Akinsemolu, A. A. (2023). Using Artificial 

Intelligence to Tackle Food Waste and Enhance the Circular Economy: Maximising Resource Efficiency and Minimising 
Environmental Impact: A Review. Sustainability, 15(13), 10482. 

[38]. Orwothwun, C., & Qutieshat, A. (2022). Agriculture Value Chain Finance in Uganda: A Brief Review of Literature. Open Access 

Library Journal, 9(4), e8645. 
[39]. Pearson, S., May, D., Leontidis, G., Swainson, M., Brewer, S., Bidaut, L., & Zisman, A. (2019). Are Distributed Ledger 

Technologies the panacea for food traceability? Global Food Security, 20, 145–149. 

[40]. Rattan, P. (2023). Cultivating agricultural evolution: revolutionizing farming through the power of AI and technology. Review of 
Artificial Intelligence in Education, 4(00), e010. 

[41]. Richey, R. G., Chowdhury, S., Davis-Sramek, B., Giannakis, M., & Dwivedi, Y. K. (2023). Artificial Intelligence in Logistics and 

Supply Chain Management: A Primer and Roadmap for Research. Journal of Business Logistics, 44(4), 532–549. 
[42]. Rijanto, A. (2020). Business financing and blockchain technology adoption in agroindustry. Journal of Science and Technology 

Policy Management, 12(2), 215–235. 

[43]. Risola, N. (2024). Blockchain for Agricultural Supply Chain Management in East Africa IUUniversity of Applied science. 
[44]. Salah, K., Nizamuddin, N., Jayaraman, R., & Omar, M. (2019). Blockchain-Based Soybean Traceability in Agricultural Supply 

Chain. IEEE Access, 7, 73295–73305. 

[45]. Sama, H. K. (2023). Inclusive Regional Value Chains: Blockchaining Perishable Agricultural Products in Southern Africa. Logistics, 
Supply Chain, Sustainability and Global Challenges, 14(1), 1–18. 

[46]. Saurabh, S., & Dey, K. (2021). Blockchain technology adoption, architecture, and sustainable agri-food supply chains. Journal of 

Cleaner Production, 284, 124731. 
[47]. Sharma, R., Gupta, S., & Singh, M. (2023). AgriBlock: A Blockchain-based Framework for Agricultural Supply Chain Management. 

In AI, IoT and Blockchain Technologies for Agri-Food Supply Chain Management (pp. 153–173). IGI Global. 

[48]. Shen, Z. M., & Sun, Y. (2021). Strengthening supply chain resilience during COVID-19: A case study of agri-food industry in China. 
Annals of Operations Research, 327(1), 415–438. 

[49]. Shidaganti, G., Bhavani, M. R., Bindu, C. D. S., & Vanitha, C. (2023). Enhancing Agricultural Supply Chain Management using 

Blockchain Technology. In 2023 4th IEEE Global Conference for Advancement in Technology (GCAT) (pp. 1–6). IEEE. 
[50]. Shiraishi, C. S. H., Roriz, C. L., Carocho, M., Prieto, M. A., Abreu, R. M. V., Barros, L., & Heleno, S. A. (2025). Blockchain 

revolution in food supply chains: A positive impact on global food loss and waste. Food Chemistry, 467, 142331. 

[51]. Singh, P. K. (2023). Digital transformation in supply chain management: Artificial Intelligence (AI) and Machine Learning (ML) as 
Catalysts for Value Creation. International Journal of Supply Chain Management, 12(6), 57–63. 

[52]. Sjauw-Koen-Fa, A. R., Blok, V., & Omta, S. W. F. (2016). Critical Success Factors for Smallholder Inclusion in High Value-Adding 

Supply Chains by Food & Agribusiness Multinational Enterprise. International Food and Agribusiness Management Review, 19(3), 
83–112. 

[53]. Sullivan, Y., & Wamba, S. F. (2022). Artificial intelligence, firm resilience to supply chain disruptions, and firm performance. 

International Journal of Information Management, 63, 102442. 



Blockchain and AI Integration for Agricultural Value Chains in African Markets 

276 

[54]. Tang, A., Tchao, E. T., Agbemenu, A. S., Keelson, E., Klogo, G. S., & Kponyo, J. J. (2024). Assessing blockchain and IoT 

technologies for agricultural food supply chains in Africa: A feasibility analysis. Heliyon, 10(15), e34584. 
[55]. Tang, C. S., & Lau, H. C. W. (2009). A fuzzy-guided genetic algorithm for quality enhancement in the supply chain. International 

Journal of Production Research, 47(15), 4331–4350. 

[56]. Tapscott, A., & Tapscott, D. (2016). Blockchain revolution: How the technology behind bitcoin is changing money, business, and the 
world. Penguin. 

[57]. Terrada, L., El Khaili, M., & Ouajji, H. (2022). Demand Forecasting Model using Deep Learning Methods for Supply Chain 

Management 4.0. International Journal of Advanced Computer Science and Applications, 13(5), 704–711. 
[58]. Tiwari, S. P. (2023). Towards Industry 4.0: increasing efficiency and effectiveness through technology integration in agriculture. 

Management and Entrepreneurship: Trends of Development, 2(24), 17–25. 

[59]. Tönnissen, S., & Teuteberg, F. (2020). Analysing the impact of blockchain-technology for operations and supply chain management: 
An explanatory model drawn from multiple case studies. International Journal of Information Management, 52, 101953. 

[60]. Trong, H., & Kim, U. (2020). Application of information and technology in supply chain management: case study of artificial 

intelligence – a mini review. European Journal of Engineering and Technology Research, 5(12), 19–23. 
[61]. Tripoli, M., & Schmidhuber, J. (2020). Emerging opportunities for the application of blockchain in the agri-food industry (Revised 

version). Rome and Geneva, FAO and ICTSD. 

[62]. Tsolakis, N., Niedenzu, D., Simonetto, M., Dora, M., & Kumar, M. (2022). Supply network design to address United Nations 
sustainable development goals: A case study of blockchain implementation in Thai fish industry. Journal of Business Research, 145, 

600–613. 

[63]. Ukoba, K., & Jen, T.-C. (2019). Modelling the performance of a lean six sigma framework for sustainable manufacturing. 
Sustainability, 11(18), 4949. 

[64]. Van Hilten, M., Ongena, G., & Ravesteijn, P. (2020). Blockchain for organic food traceability: Case studies on drivers and challenges. 

Frontiers in Blockchain, 3, 567175. 
[65]. Venkatesh, V., Thong, J. Y. L., & Xu, X. (2016). Unified theory of acceptance and use of technology: A synthesis and the road ahead. 

Journal of the Association for Information Systems, 17(5), 328–376. 

[66]. Vilas-Boas, J. L., Rodrigues, J. J. P. C., & Alberti, A. M. (2023). Convergence of Distributed Ledger Technologies with Digital 
Twins, IoT, and AI for Fresh Food Logistics: Challenges and Opportunities. Journal of Industrial Information Integration, 31, 

100393. 

[67]. Von Braun, J., & Mirzabaev, A. (2015). Small farms: changing structures and roles in economic development. Available at SSRN 
2672900. 

[68]. Wahyuni, H. C., Rosid, M. A., Azara, R., & Voak, A. (2024). Blockchain technology design based on food safety and halal risk 

analysis in the beef supply chain with FMEA-FTA. Journal of Engineering Research, 7(2), 1–17. 
[69]. Wamba, S. F., & Akter, S. (2019). Understanding supply chain analytics capabilities and agility for data-rich environments. 

International Journal of Operations & Production Management, 39(6/7/8), 887–912. 

 
[70]. Wang, Y., & Yu, P. (2023). Blockchain Technology Adoption and Enterprise Performance: Evidence from China. Information 

Technology and Management, 24(4), 487–503. 
[71]. Wang, Z., Lu, J., Li, M., Yang, S., Wang, Y., & Xin, C. (2022). Edge computing and blockchain in enterprise performance and 

venture capital management. Computational Intelligence and Neuroscience, 2022, 2914936. 

[72]. Xiong, H., Dalhaus, T., Wang, P., & Huang, J. (2020). Blockchain Technology for Agriculture: Applications and Rationale. 
Frontiers in Blockchain, 3, 7. 

[73]. Yadav, S. S., Kaushik, A., Sharma, M., & Sharma, S. (2022). Disruptive Technologies in Smart Farming: An Expanded View with 

Sentiment Analysis. AgriEngineering, 4(2), 424–460. 
[74]. Yadav, V. S., Singh, A. R., Raut, R. D., & Govindarajan, U. H. (2020). Blockchain technology adoption barriers in the Indian 

agricultural supply chain: an integrated approach. Resources, Conservation and Recycling, 161, 104877. 

[75]. Yiğitcanlar, T., Desouza, K. C., Butler, L., & Roozkhosh, F. (2020). Contributions and risks of artificial intelligence (AI) in building 
smarter cities: insights from a systematic review of the literature. Energies, 13(6), 1473. 

[76]. Yu, W., Chávez, R., Jacobs, M., & Feng, M. (2018). Data-driven supply chain capabilities and performance: a resource-based view. 

Transportation Research Part E: Logistics and Transportation Review, 114, 371–385. 
[77]. Zhang, C., & Gao, H. (2022). Managing business-to-business disruptions: Surviving and thriving in the face of challenges. Industrial 

Marketing Management, 105, 72–78. 

[78]. Zhang, X., Liu, S., Wang, L., Yuan, H., & Prasanna, R. (2023). A game-theoretical approach for the adoption of government-
supported blockchain application in the IoT-enabled agricultural supply chain. International Journal of Distributed Sensor Networks, 

19(9), 155014772311862. 

[79]. Zhao, G., Liu, S., Lopez, C., Lu, H., Elgueta, S., Chen, H., & Boshkoska, B. M. (2019). Blockchain technology in agri-food value 
chain management: A synthesis of applications, challenges and future research directions. Computers in Industry, 109, 83–99. 

[80]. Zkik, K., Belhadi, A., Khan, S. A. R., Kamble, S. S., Oudani, M., & Touriki, F. E. (2023). Exploration of Barriers and Enablers of 

Blockchain Adoption for Sustainable Performance: Implications for e-Enabled Agriculture Supply Chains. International Journal of 
Logistics Research and Applications, 26(11), 1498–1535. 

 


