JOURNAL OF MACHINE LEARNING AND APPLICATION RESEAPRO
July-Dec 2025, VOL. 1, ISSUE 2, pp. 22-33

https://doi.org/10.61577/jmla.2025.100008

NALS

OPEN aACCESS

The impact of machine learning driven approach on agriculture
and food industry: The case of a developing country

Wesley Odeh Odumu and Latshin Samson Dakup

CASE STUDY

Department of Computer Engineering, Plateau State Polytechnic, Barkin Ladi, Plateau State, Nigeria

KEY WORDS

Machine Learning; Artificial
Intelligence; Agriculture; Food
processing; Efficiency;
Sustainability; Developing
Country

ARTICLE HISTORY

Received 04 July 2025;
Revised 24 July 2025;
Accepted 02 August 2025

ABSTRACT

The agriculture and food sector perform a fundamental function in human existence and also the
economic well- being of any nation. This paper examines the concept of machine learning approach
as it relates to the agriculture and food sector, its applications, also the impact on economic growth
in developing countries. The 21st century era is faced with challenges like explosion in population,
resource constraints, and climate change which are prevalent in developing countries. However,
there are opportunities in this technological advancement era with heightened precision and
innovation on the improvement of food safety, processing, quality for sustainability in the food
ecosystem. Despite these advancements and opportunities there are barriers in the form of
obtaining high scalable quality datasets, integrating multisensory inputs for food quality
assessment, and meeting the demands for Graphics Processing Units (GPUs) for the optimization of
deep learning models for food imaging. This paper is analyzing the application of machine learning
in agriculture and food sector with a view to revolutionizing the traditional way of farming practices
by leveraging on the technology for increased efficiency, environmental sustainability, better
productivity in farming practices and improved food safety standards. We consider the integration
of ethics in this study to address the concerns that has to do with privacy that associate with the
collection and processing of data. Furthermore, stakeholders, scholars, practitioners, and policy
makers can use it as a guide to increase research to navigate the ever-evolving technology-infused
innovative agriculture that will shape the path to a robust, efficient and sustainable agri-food
sector.

Introduction

Agriculture accounts for the sustenance of people’s lives and
their economic well-being in both developed and developing
countries of the world. This is seen in the general prosperity,
which is dependent heavily on the annual harvest, as it links to
food supply and distribution. Machine Learning (ML), which is a
subset of artificial intelligence (Al), utilizes computational
methods to improve system performance by learning from
experience, underpinned by mathematics, statistics, and
computer science [1]. The application of machine learning is
making its impact on almost every field of endeavor and
agriculture is inclusive. The agri-food industry’s complexity is
seen in the many wide ranges of challenges in the processes
and operations, which in effect it is inefficient; so, the need for
an innovative solution in the agri-food industry. This is to
accommodate the many stakeholders found in trade unions
and policy makers that also grows, produces, for an
implementable sustainable solution. Employing technology as a
tool in the digitalization of agriculture enhances the industry to
become more efficient and sustainable. According to Mithun
Ali et al., 2019; Rejeb et al., it makes up a key contributor to any
nation's economy and is vital for the well-being of the nations'
citizens [2,3]. Also, its importance in the developing and
developed countries are seen in its role in the support of more
sustainable  production and consumption patterns,
environmental protection, business competitiveness, social
welfare, and economic growth [4].

In the contrary the machine learning is making its impact on
almost every field agriculture inclusive.

Emerging economies characteristics are their varied stance
on social and economic posture which put them on the
threshold of taking control and advantage of all the possible
opportunities Al offers and addressing both current and
prevailing issues driving towards developing their economic
base [5-7]. Therefore, adopting Al seems to advance some
limitations that the conventional environment of the third
world nations offers which call for a strategical guide to close
the disparity existing potentially for effective implementation.
So, the combination of ML with cutting-edge detection
technologies will offer new opportunities to effectively address
these challenges [8]. Therefore, automating agriculture has
become important to transform the economy, as it creates a
new course to explore [9]. Also, implementing machine
learning successfully has revealed the identification of arable
land for agriculture, high yield crop, and crop diseases. The
implication from these is that sustainability in agriculture using
ML in many of its applications have led to improvement in
accuracy and efficiency of agricultural practices. This paper
seeks to explore and contribute to the body of knowledge the
technological and socio-economic nature of Al using machine
learning (ML) in transforming their agri-food industry in
developing countries for optimized farm yields and practices.
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Amir deduced in his work how agriculture has been approaches in the agriculture and food sector and the
transformed from old practices using artificial intelligence manybenefits it portends taking into cognizance the ethical
with machine learning. He highlighted the transformation in  considerations in a developing country. The study consolidates
the following aspects; automation of decision processes that on inferences from recent articles published online, peer-
are complex, analyzing trends into the future, also review journals, review papers and proceedings of conference
integrating different sources of data. He goes further to notably by analyzing the themes from interdisciplinary
emphasize on the need for continuous innovative stride to research directed at Al in transforming the food sector. The
attain scalability, reliability, and complete automatic outline of the paper goes thus: it started by giving recent
processes [10]. Igbal et al., posit that technologies associated background /overview of agriculture and food processing and
with Al do bring out a long-lasting, practical and best value design using technology for sustainability. Afterward, it
found in food systems [11]. Al shows great positivity in the explores some Al models used in the transformation processes
future of agriculture because of the inherent potential in rise and steps both in the agriculture and food lifecycle.
in production that is sustainable and profitable even amidst Accordingly, it studies emphatically the trends that may arise
difficulties [12,13]. as a result of AI/ML deployment and barriers in the
implementation. It further stated future trends and
recommendations on the field of agriculture and food
processing using Al and ML.

A broad review of the literatures shows that artificial
intelligence/machine learning has established auspicious
results in high produce of agriculture and food sector. Studies
also revealed that the use of machine learning algorithm Theoretical Background
modelling are effective in detecting soil type, crop diseases
and abnormalities in crop yields. However, there is dearth of
Al/ML policy framework by stakeholders and as rightly stated
by Amir in his study that it is critical for stakeholders to be
engaged and supported through policy frameworks to
connect advancements in technology with societal and
environmental values [10].

Several countries, the world over have initiated plans for the
promotion of Al in all ramification of their life. This concept of
artificial intelligence as defined by the European Union is a
system with intelligent performance that analyze their
environment and make out a fair result independently for a
goal [14]. Figure 1 shows the makeup of Al and its
interrelationship.

This paper presents the recent innovations of AI/ML
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Figure 1. Branches of artificial intelligence [14].

The emergence of artificial intelligence powerfully shapes the professionals. Also, the use of Al in agriculture for precision
world technologically, with its implementations in third world farming to optimize resource and improved yields. The
nations showing an extant changing description that transcend  education system is not left out too as Al is incorporated for
and influenced from several factors of recent, developing improved personalizes learning.

countries have increasingly accepted Al technologies because
of their transformative power in catalyzing economic growth,
enhancing public services, and addressing persistent societal
challenges. They are driven by factors such as advances in
technology, increasing connectivity, and the prevalent power
of Al transformative abilities in real-time applications. This is Liakos, Busato, Moshou, Pearson, Bochtis, posit from their
seen in developing countries where governments and calculations that the emergence of machine learning with big
businesses leverage on Al to proffer solutions to issues that are ~ data in agriculture goes together to produce new prospects
complex in nature. For instance, from the work of Al is put to ~ that exposes, measures and realize the events taking place on
use in healthcare to enhance the investigative abilities and ~ the field from the data [15]. The various stages of Machine

deliveries where there are few or no accessibility to healthcare ~ learning in the agriculture and food sector ss shown below in
figure 2.

According to Baciuliené and Petroké the branches of Al
relevant and mostly used in agriculture and food sector are
machine learning, expert systems, computer vision and
robotics [14].
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Figure 2. Stages of machine learning in agriculture-food sector [14].

Radocaj and JuriSic, developed a new study that forecasts how
suitable cropland can be using GIS and ML. This is to promote
and provide innovative standpoints for agricultural production
resulting in improvement in decision making in agricultural
management. Some notable countries which have contributed
in researches of this nature is China who uses machine
learning regression algorithms to obtain the leaf area index of
cotton by means of spectral bands of Sentinel-2. This is a
demonstration of the potency of this technology in the
improvement agriculture. In addition, India’s valuable
contributions in the application of machine learning in crop
production, can be seen from several examples ranging from
crop prediction, and management for the purpose of
productivity and sustainability. The review carried out by
Liakos et al., on the use of machine learning in agriculture was
popularly captured in the United Kingdom, which reflects the
contribution to the scientific community and to consolidate
knowledge and for future research. Also, studies conducted by
Greece promotes and provides updates on the review of ML
applications in agriculture, with the highlight on the various
applications and their potential benefits [15-18].

The study carried out by the European Parliament's Committee
on Agriculture and Rural Development gave a clear division of the
applications of Al to three sub-divisions:

o Reduce risk involved in agriculture production such as new
discovery of crop disease, the use of technology in the
development of a concise soil maps for damage control);

o Reduce risk based on technologies and climate change.

o Increment in production efficiency such as controlling
water and energy consumption.

o Al implementation in the agri-food industry comes in two
categories:

« Digitalizing farm assets and activities, and
 Applying new methods in management.

Technologies that employ Al grows the throughput of many
industries involved with it, and for the agric it is no exception.
Farmers that employ technological solutions that is Al based
tend to have better produce of high yields, at lower costs, with
improved quality according to [19].

Methodology

The paper diagnosed recently published peer-reviewed articles
based on Al and ML in the agriculture and food sector. The
criteria emphasized appropriate technologies in high impact
publications like journal papers, and proceedings from
conferences.

The related works was searched using Google Scholar,
Elsevier, IEEE, Springer and other links. This was realized with
the help of keywords that captured the themes linked to the
paper title. In the process of making use of Google Scholar,
journal papers of high impact value and relevant to the topic a
download was made. The search criteria also extended to
papers that covers the integration of Al and ML with IoT,
Blockchain, Deep Learning, written in English for clarity and
easy access. It also considered papers whose methodologies
can be replicated from the meaningful contributions of their
outcomes that is impactful to life practically. It did not cover
papers that are deficient in its techniques to replicate results
and are bias thereby questioning the result.

Some Al models used in the agriculture and food sector

According to Baciuliené and Petroké the contribution of
Artificial intelligence is significant in developing the food
industry for automation, monitoring and control purposes of
food quality. The use of machine learning methodologies has
been employed by researchers and technicians to help in
understanding the human behavior in deciding the food quality
and food classification in accordance to the needs of the
economy [14].

This is achieved from the following:

o The extraction of effective knowledge from humanly
existing possible avenues.

o The establishment of guidelines to classify samples, without
minding the complexity of the behavior of human and

o determining the extent of the impact ie. relevance the
result of the professional on the characteristic of the food

[19].

There has been a surge in this contemporary era in ML
applications, this is demonstrated in the steady growth of the
user base as witnessed by ChatGPT from its commencement
on November 20, 2022, which has generated questions ranging
from ethical considerations, usability concerns, and the
anticipated impact of ML and Al across various industries.
Smart farming became relevant in 2021 because of the
integration of cutting-edge technologies like unmanned aerial
vehicle (UAV) in agriculture and internet of things (IoT) in food
supply chain [20].

Sustainable agriculture uses ML to cause improvement in
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accuracy to predict the nutritional guidelines for crops, which  agricultural practices.

is important and beneficial when fertilizers are to be applied . .
for plant health management [21]. Machine learning and convolutional neural network (CNN)

Machine learning and Internet of Things (IoT) The convolutional neural network (CNN) utilizes machine

learning tool to solve problems in smart farming. This is
In a similar situation, combining ML and 10T transforms smart  effective in the area of detecting and interpreting image
agriculture and study recently acknowledge the use of these complex patterns for tasks like classifying crop image,
technologies in the automation of many agricultural tasks, like  detecting diseases, and estimating yield due to their ability to
to monitor soil conditions, weather, irrigation management, extract information from the images. The advantage of this
and pest control. These applications bring about a reduction of  application is precision in managing crop efficiently, and
farmers’ workloads, improvement in farm practices and improved sustainability of agriculture.

sustainability [22-26].
i ] Machine learning and big data (BD)

Machine learning and deep learning (DL) ) ) ) ) .
Big Data voluminous data provides meaningful information for

Deep learning as used in agriculture sustainability creates informed decisions. The concept of smart farming where large
models for prediction for identifying forms to make accurate  amounts of agricultural data is processed with that of climatic
classifications from huge datasets. This application is used to  variations, crop yields, and management practices, results to
detect crop disease, species classification, and yield prediction, — better understanding of the patterns and trends affecting
address complex agricultural problems and improve agricultural production. It helps to correlates and predicts
sustainable agricultural practices. future events in the area of improvement in data processing

. hni .
Machine learning and data mining (DM) and storage techniques

Machine 1 i d data analytics (DA
Data mining as used in ML in sustainable agriculture, extract achine learning and data analytics (DA)

forms and meaningful information from huge agricultural Data analytics in ML extracts valuable meaningful inference
datasets. It analyzes old and current data that relates to the from huge agricultural datasets. It identifies patterns and
productivity of the crop, the soil type, and climatic variations, —evaluates the different effective procedures ranging from
to facilitates and identify the trends for an informed decision managing the crop to using the resources. It results to
making. This reveals concealed contributions for precise optimized decision making, improved performance and
predictions significant enough for improved productivity in  reduction in the environmental impact.

Crop Selection .
Land Monitoring & P Crop Yield Pl
Management u
---—-“O""‘ Post Harvest
U Management
Water Management
. ¥
'Y
Soil Health
Management

Nutrient Management Weeds Management

Figure 3. Applications of artificial intelligence [27].
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Machine learning and computer vision (CV)

Computer vision helps in monitoring, developing, and
predicting agricultural produce and the environment. This is
aided by using sensors in fields and farms, for the collection of
information for analysis. As a result, prediction can be made
possible from the characteristics of the farmlands to check for
drought, moisture, etc. Also, diagnosis of diseases affecting
crops from the pictures of the foliage of good and unhealthy
plants, and collection of other factors like temperature,
sunlight, seeds, fertilizers, pesticides, and agricultural
equipment. The investigation may result to detection of
abnormalities not in agreement with certain standards that
strengthens the worth of the produce. Also, computer vision
checks the traceability of animals and their weight to
guarantee healthy growth [14].

Al contributions in the food industry are classified mainly
into three: management in terms of quality of the food,
management in terms of security of the food, and
management in terms of waste of the food as cited by
Kovalenko [28].

Agriculture is the bedrock of most developing economies
and Al and its related technologies will be significantly
beneficial to it. Intelligent agriculture which is powered by Al,
improves the use of resources, enhancing crop yields, and
mitigating environmental impact. The applications of Al to
monitor crops, control pest, and make predictions contribute

Table 1. Comparison of ML models, applications and effectiveness.

to sustainability in agricultural practices, which ensures food
security and strengthens farmers livelihoods.

These applications highlight how integrating these cutting-
edge ML concepts will improve policies, decision-making and
enhance efficiency in the agricultural lifecycle.

o Land monitoring and management
o Agricultural water management

o Crop selection

o Soil management

¢ Crop nutrient management

* Weed control management

« Prediction of crop yield
o Pest and disease management
o Harvest and post-harvest management

Comparative Analysis of Al and ML in the Agriculture
and Food Sector

The comparative analysis of ML algorithms should be the
basis to evaluate and identify thoroughly and optimally
models to predict problems that affects the different
agriculture and food processing sector. Table 1 below shows
the application of the models of ML and their effectiveness in
agriculture:

ML models Applications Effectiveness Author(s)
Performance metric between The outcome from VGG-16 [29]
Machine learning (ML) and ) . ficati ; deep learning proved the best
deep learning (DL) methods Detectlon and ‘d,e““ lcation o in accurate classification of
citrus plant leaf disease diseases.
Integrating IoT and ML Detect disease in crops ahead of time. significant reduction in losses [30]
of crop, initial costs, and the
overall management of the
health of crop.
Adoption of IoT and ML To measure the moisture of the soil Regulates the properties of the [31]
also to establish the moisture levels soil simultaneously to prevent
and irrigation requirements waste of water, increase in
crop yields, which contribute
to conserve resources.
SVM, & Decision trees Classify detected contaminants Detection of pesticide deposit, [32-36]
and bacterial infection.
Regression Predictive Analysis Prediction of the shelf life of [37-38]
consumables
Random forests, SVM Quality control Detection of flaws in food [39-41]
products
Logistic regression, SVM Pathogen out prediction Prediction of likelihood of [42-45]

outbreak from historical and
environmental data

Economic Analysis

The initial high cost in the implementation of Al as envisaged
by local practitioners may douse their enthusiasm to
undertake these innovative technologies and as posit by
Cervantes-Godoy is the issue of resistance to automate and
mechanize local communities which they fear could lead to
consequences of unemployment [46]. They also consider the
high financial implications to maintain and upgrade and

according to Mukherjee the adoption of Al is broadly
experienced in workplaces due to heightened automated jobs
usually carried out by man; as a result, the local populace
who rely on agriculture is affected [47].

Although, the implementation of Al can lead to the creation
of new occupations in the agricultural ecosystem that will
manage, operate and develop skills it calls for adequate
training, tutoring and capacity training for its realization
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which may necessitate the involvement of government in
conjunction with organizations to make available subsidized
incentives for easy access by farmers also, to boost jobs newly
created in the ecosystem.

The survey of Agriculture Drone Market Size, Share, Industry
Analysis, posit it that in the year 2019, the global farming
marketplace value using drone was at USD one million with the
expectation of reaching USD 3.7 million in the year 2027 while
the use of robot with drone in agriculture is expected to get to
USD 23 billion by 2028 [48]. The estimation given by Farrelly
Mitchell, made it known that the global market value of
blockchain in agri-food as at 2020, stood around USD 133
million; and it is projected to rise to about USD 950 million in
the year 2025. Furthermore, the description according to the
publication of Technavio, reported a 30% rise in production in
the food sector which realizes the Government’s plans [49].
Research by Kovalenko posit that there will be tremendous
increase of $9.28 billion by 2026 in the distribution network
market of Big Data Analytics [28].

Case Studies

The successful integration of Al in agriculture has led to
increased yields and several studies have shown for example,
India uses Al to predict cultivation period excellent to grow
crops on the basis of projections from the market and
conditions of the weather which shows improvements in
produce and proceeds of farmers [50,51].

Case study 1

The studies of Padhiary and Haydar et al. shows that John
Deere, a world acclaimed manufacturer of agricultural
equipment, integrates Al & ML in its smart farming. Its’ tractors
are self-driving with harvesters installed with devices able to
detect and gather the actual information readily on conditions
of the soil, health of crop, etc. This is achieved using the
algorithms of machine learning to evaluate the data, for an
informed decision on water management, and applications of
fertilizer and pesticides. This innovation improves the growth
of farmers produce with a reduction to cost and harm to the
environment. This in-turn improves operations efficiently,
supporting sustainability, in the practice of agriculture [52,53].

Case study 2

Maitra and Damle, cited in their work a mobile app called
Plantix designed and implemented by PEAT an AgriTech
startup company. It helps in the detection of diseases in crops
using Al and image recognition from pictures initiated from
farmers phones. The images are analyzed, diseases, pests and
deficiencies in the nutrients are identified and it recommend
treatment solutions [54].

The effect of this technology cultivators in India and emerging
economies improve the growth of their produce which allows for
advance discovery and remedy of diseases, to reduce cost and
improve security of food.

Case study 3

Pham and Stack in their work explains how Climate
Corporation, used Al to improve irrigation. It does it using the
Climate Field View platform, and combining forecasts from
weather, data from field and moisture from soil to recommend
the irrigation position to farmers [55]. Birner, et al.,, sum it in

their work that it enables farmers using ML models to forecast
water supplies on the basis of the existing situations for
efficient use of water [56].

The implication of this is water conservation, reduction in
energy usage and improve irrigation expenses, despite
preserving the health of crop particularly in drought areas.

Case study 4

LeMieux and News, introduced Monsanto in the work and
Kock explained the use of Al and the technology CRISPR gene
editing in fast tracking crop breed. It analyses large genomic
data and the algorithm separates desire qualities like water
resistant, pest resistant and high yields that will enable genetic
modification of the crops to withstand different climatic
conditions and disease resistant [57,58].

This work has been able to develop a robust, genetic modified
variations of crop yields in high proportions to meet the growing
demand as well as secure food in our world.

Case study 5

Kirpach and Riccoboni in their study indicated the use of Al and
computer vision designed by Cainthus, which is a startup
company called agri-tech to track the actual behaviour of
livestock. The use cameras that are installed in different position
of the sheds while the Al algorithm evaluates the movement,
health and feeding forms of the animals. The data obtained by
the farmers is used for the improvement and well-being of the
animal [59].

This Cainthus’ smart Al farm for livestock has a high yield in
the making of milk, reduction in cost of treatment, and the
overall improvement in the health of the animals which leads to
greater economic gains and sustainable farming in livestock.

Case study 6

Misra et al., in their work shows how Microsoft company uses its
software Azure by engaging artificial intelligence and machine
learning in tackling impediments to food security. It monitors
the actual indices, predict time to maintain the system also
analysis data. This improved operations of stakeholders in the
food industry by securing, preserving the standard of their
products [60].

Case study 7

According to Food Safety and Quality, their study conducted on
Tetra Pak shows the integration of Al to process and package
food to further fortify its value and security. The algorithms do it
by monitoring, optimizing process environments, detection of
irregularities, also, preserve the authenticity of produce packed
integrity of packaged products from manufacture to the end
user [61].

Implementations of ML in some Emerging Economies

The implementation of Al in some emerging economies can take
the form of diverse initiatives to harness technology thereby
addressing the precise tasks which boosts socio-economic
development. The section below showcases the transformative
power of Al implementation in agriculture in some selected
developing countries.

Intelligent Agriculture

India leverages on Al in their agriculture which is the foundation
of their economy for enhanced intelligent farm undertaking as
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cited by Tiwari and Jaga, Rana. A company called Cropln uses
Al in analyzing satellite images, data from weather and soil
conditions. According to Shaktawat, and Swaymprava farmers
do obtain custom-built instructions on the management of
farm produce, and farmlands using their phones. This is an Al -
ML driven approach for resource optimization, improvement of
crop yields which characterizes sustainability in agriculture
[62-64].

Pye-Smith in his work on how farmers utilize digital
technologies in East Africa expressed his views that more
than half of Africa’s populace thrive on agriculture and the
farmers are small holder farmers. Their work posited the
transformation of poverty through agriculture but, that many
of the farmers do not have the requisite know how and skills
to transform the practices of farming [65].

Apraku, Morton and Apraku-Gyampoh posit that Kenya’s
economy is anchor on agriculture for its growth and expansion.
Of note, climatic change and non-large-scale agriculture in
Africa accounts for 24% of the Gross Domestic Product while
above 70% of its workforce engage in rural farming [66].

Awuor, Kimeli, Rabah and Rambim in their study noted the
significant role of agriculture particularly in rural communities
of several developing countries. This is seen in the area of
growth in agricultural productivity to sustain the requirements
of the populace, decrease in soil fertility, water deficiencies and
climatic change and so on. Although, challenges do exist
employing Information Communication Technology (ICT) in
agriculture potentially increase efficiency, productivity and
sustainability through sharing of information and knowledge.
The development of e-agriculture framework equips farmers
with adequate information on pre-harvest, post-harvest, sales,
and weather forecasts [67].

Ethics in Agriculture and Food Sector Management

The rise in the use of data in the agriculture and food sector
has warranted close attention to ethics and privacy which
concerns gathering, storing, and using vital data obtained from
farming . It takes the form of non-disclosure of data,
consensus, owning the data, and using the inference
responsibly. The ethical consideration ensures impartial use of
algorithms, preservation of individual information, also
granting same approach to beneficiaries technologically which
are vital to the development of Al for fairness, clearness and for
the common good. This ensures that ethic and clear
management of data are very important to build confidence
amongst farmers, investors considering the protection of their
sensitive information. This can be addressed by establishing a
clear-cut approach that is transparent and secured. To the
realization that these farmers are to be provided with succinct
information on gathering procedures of the data, with clear
information about the data collection processes, the method of
use, how the data can be used, and the phases involved for
confidentiality and safety [68-71].

Barriers Encounter in Implementing Al-ML

A barrier that is significant in implementing Al effectively is the
lack of adequate infrastructure like unreliable internet
connectivity, inadequate computer facilities, and storage
resources for Al deployment. The deficit in infrastructure
deters the seamless integration of Al technologies. ITU puts it
that inadequate connectivity and power supply causes
impediment in real-time Al application processing demands,

which creates a divide digitally across regions that have and
those that do not have enough infrastructure.

Digital divide

The work of Treinen, Van der Elstraeten and Pedrick noted
that rural dwellers are worst hit when it comes to the divide
digitally and gender wise. This was captured in ITU, where
statistics show the penetration of women using internet was
12% lower than that of men combined worldwide. But, in Africa,
it is high as 25% lower when compared to men using the
internet. This is seen in the complexity of systems using Al, and
the necessity and reliability for a powerful data processing and
internet connectivity respectively which are not common in
local areas or areas not too close to urban centers [72,73].

Another barrier that may arise is the issue of cybersecurity
and data privacy which would be as a result of reliance on
platforms digitally to carryout agricultural operations such as
storage and data processing using the cloud. Nevertheless, the
solution in adopting Al can take the form of scalability, and
ease of maintenance to operate effectively where technology is
underdeveloped. Although, what is expected is cooperation by
ensuring that those providing the technology, government,
concerned stakeholders make the benefits of Al accessible to
the farmer, regardless of location or financial status [74,75].

Culture and beliefs

Ryan noted in his work that the skepticism by several farmers
to innovations and their continuous attachments to legacy
cultivation approaches calls for their opposition. Also, there is
the issue of farmers unwillingness to accept Al-driven
solutions as a result of gap in generation in adopting
technology, as pointed out by Belcher [76,77].

For instance, the opinion of Gill noted that ICT challenges or
the related issues in the Indian agriculture has to do with variety
in the spoken languages, culture and inadequate knowledge have
been an obstacle in bringing rural Indians together for a common
goal. The arguments put forward by Akokuwebe and Odularu
indict women of being liable to societal factors like denial of
education, inappropriate distribution of inheritance, and denial of
power to take control of resources all these makes accessibility
to loans and other funds difficult for them. This barrier can be
overcome using instructional guides, and outreaches to show the
advantages Al pose in the agricultural and food sector to cultivate
hope and assurance in the use of the expertise. According to
Maraveas, the change to Al-based technologies demands a slow
but steady, stimulating and thought-provoking exercise
practically and mentally [78-81].

Low literacy

Balraj and Pavalam in their work to explore the impact of ICT in
agriculture in Rwanda, identified illiteracy among small holder
farmers resulting to lack of the needed awareness to promote
the technology so the adoption becomes unachievable. This can
be overcome by focusing on the education of both the
accomplished and the novice farmer on using Al The curricular
should include usual issues and difficulties in implementing it but
identifying the immediate advantages in from of high produce
and reduced workforce expenditure [81-83].

Infrastructural deficit

The issue of infrastructural deficit in developing nations can be
tailored to the exorbitant nature of the equipment. The study of
Dhaka and Chayal noted that the lack of infrastructure facilities
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like power supply pose as hindrance to ICT take off in rural
areas of India. The implementation of innovative technology
like Al 10T devices, and automation is usually costly [84].

It links to the devices itself, computer programs, skills
development, and current up and running cost [85]. The cost of
projects can be brought to a manageable level by organizations
employing approaches in stages like having to start a test
model. They can leverage services hosted on the cloud while
requesting for grants or subsidies from government and
industry respectively to ameliorate the original expenses.
Having to collaborate with experts that provides the technical
know-how also partnering with industry can bring about a
reduction in cost by way of distribution and optimizing the
resource.

Others

This includes lack of a robust dataset from the geographical
location to fit the climatic conditions for adequate insights to
solve localized problems. Also, the case of model being scalable,
interoperable, interpretable, with the aid of images from
satellite, radars, and forecasts from climatic data. Also, there is
the case of farmers resisting the technology, as this requires
tutelage, and disclosure and discussion of regulation and
confidentiality. It is therefore important that there is a vibrant
regulation on the use of Al putting into consideration issues of
ethics and confidentiality of data that are not inimical to
innovative processes. This can be achieved by bringing
together all stakeholders in a town hall meeting to frame
guidelines to show the advantages of Al over concerns socially
and ethically.

Lack of trained workforce in Al - ML technologies

Developing countries face the challenge of struggling with lack
of professionals who are trained in machine learning, data
science, and Al development. To bridge this gap there is need
to organized training programs to educate employees. World
Bank made it clear on the need to build curricula for
establishments that are into training to be Al inclined, to
ensure that employees prepared adequately with the requisite
and exquisite skills necessary to leverage on Al efficiently. Dhal
and Kar pointed the need to partner with institutions of
learning also with professionals to provide expert tutoring this
can be valuable [86,87].

Risk Analysis and Mitigation Strategies

The implementation of ML techniques in agricultural processes
also introduces confidentiality worries which stem from the
continuous collection of sensitive information like, moisture of
the soil, degree of hot/cold of the soil, health of crop,
functional facts, liable as vulnerabilities on transmission
through the cloud, mobile apps, and can be hacked, using
accessibility not authorized, in addition misused [88].
According to Sonka, the consequence of exposing information
of such magnitude lead to theft of intellectual property,
otherwise shortcoming in the competition, especially when
handled by competing things whose goal is to exploit the
farmer for example, firms involved in technology, and
information brokers [89]. The hazards are more at the
grassroot centers, due to inadequate knowledge and governing
of the area. The mitigation strategies to these hindrances are
development of a strict encryption strategies for the
transmission of data, anonymity to avoid re-identification, and
stringent controls to accessibility of data not-authorized for

use. Also, to realize the complete capacity inherent in Al
technology it is dependent both on the support of policy
frameworks and functional stakeholders’ participation [10].
These policies encourage growth, distribution, and the
implementation of innovative data-driven farming appliances
considering also hindrances as regards to confidentiality,
training and capacity building, and unbiased transfer of
technology.

Conclusion

In conclusion the use of emerging technologies like Artificial
Intelligence and Machine Learning in the agriculture and food
sector brings about automation which increases productivity.
This aids in the collection, storage, and data analysis for
increase in product quality and user-friendliness. A theoretical
assessment of Al and ML for developing countries shows a
huge worth in value that is added to agriculture, and the
processing of food. There are improved labor productivities
which is evident in the impact and transformation Al brings in
reshaping the agriculture and food sector and their overall
trajectory of development. These potentials are vast, and it has
become eminent and appropriate for research and innovation
to go into AL. Moreover, increase in farm investment which is
the livelihood of developing countries makes it a precondition
for the agriculture and food sector to thrive and increase these
myriads of opportunities. AI/ML has proven to be a positive
catalytic change agent.

Although, developing countries encounter some challenges in
infrastructure, skills, digital divide, cultural beliefs, illiteracy,
there are still opportunities to advance these age-long
limitations. Policies and initiatives in education, campaigns,
awareness, can unlock these potentials of AI/ML in the
agriculture and food sector. The policy makers can achieve
these by stimulating and innovating partnership between the
public-private sector to address the farmers irrespective of their
commercial value. These policies can serve as incentives to the
development of digital infrastructure in the rural populace by
reducing importation charges or dues on precision agricultural
extension services, equipment and training. Also, effective
partnering amongst governments, private organizations,
technology firms, educational institutions, and farmer
organizations fosters innovative environments that is supportive
of IoT-ML solution. The policy should encourage countries the
world over to cooperate and regulate Al in agriculture by
standardizing it for inter-country businesses and creativity.
Furthermore, it demands an active structure of government
ready to collaborate openly with the several stakeholders like
those in food sector, local manufacturers, and the newbies.
Although, studies indicate that impediments abating
collaboration are inadequate or the lack of sharing knowledge
about and trust issues.

Future Directions

The future directions of the paper emphasize on the
integration of AL/ML with IoT to make available current data
absolutely for developing countries with limited agricultural
data to enable and enhance speedy response for decisive and
meaningful contributions in the region. Also, to help defeat
challenges that may arise from inadequate information and
encourage collaboration among stakeholders for adoption. This
is to ensure that developing economies that engage Al/ML
technologies significantly in their agriculture and food sector
feed herself while also making positive contribution to the
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global food ecosystem. Figure 4 shows the future trends of Al
and ML in the agricultural sector.
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