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Abstract:

There is no doubt that the world of modern agriculture is undergoing a major transformation due to
advances in artificial intelligence (Al) and digital technology - we are now entering an era where data and
technology will play a key role in changing how food is produced. This article presents a summary of papers
published recently on the topic of Al-driven digital transformation of the agriculture and food industry,
with an emphasis placed on specific areas of technological advancement such as machine learning (ML),
deep learning (DL), computer vision, the Internet of Things (loT), big data analytics, and others. The
advancements made within these areas permit farmers to monitor their crops in real time, develop
predictive models, and utilize intelligent decision support systems to assess crop yield potential, soil quality,
identify disease/pest infestations and manage resources. In order to further enhance efficiency and reduce
labour-intensive processes, robotics, autonomous systems and unmanned aerial vehicles (UAVs) are
becoming more commonplace on farms throughout the world; however, various obstacles exist today,
including a lack of industry standards, high cost of implementation, cyber-security concerns, and the ever-
present digital divide between developed and developing countries/international markets. Finally, the
authors discuss how explainable Al (XAl), cloud computing and edge computing paradigms will affect the
future use case development of smart farming technologies by increasing transparency, scalability and user
acceptance; additional areas of emerging technology (blockchain, digital twins) were also discussed
relative to improving supply chain transparency and resiliency.

1.0 INTRODUCTION

Agriculture embeds within the pillars of supporting food security, economic growth and sustainable
development globally. But, the biggest problems in the agricultural sector are climate change, water
scarcity, soil degradation, lack of labor, pest attack and rising demand for food with the population growth.
It is difficult for traditional farming practices to meet these demands effectively, thus technologies that
require innovation are needed. Artificial Intelligence (Al) has revealed itself to be a game-changer in the
agricultural sector, offering intelligent solutions that enhance productivity, sustainability, and decision-
making for farmers [1, 2]. Al combines machine learning algorithms, deep learning techniques, natural
language processing, computer vision, robotics, and the Internet of Things to process massive amounts of
agricultural data and provide valuable insights for practical applications [29, 30]. These technologies can
be used to monitor soil moisture, crop conditions, weather forecast, pests, irrigation system, and crop health
in real time, allowing farmers to better schedule resource use and maximize farm productivity [8, 13].

Precision farming is one of the most promising uses of Al in agriculture, combining sophisticated sensors,
remote sensing and an intelligent algorithm to more efficiently manage farming inputs [14, 33]. As a result,
Al systems can accurately forecast crop growth, identify plant disease and weed, and better schedule
irrigation systems to even reduce production costs and environmental effects while optimizing the yield of
the crop systems [6, 7, 36, 37].

On the other hand, the agricultural value chain, as well as the management of agribusiness, has been greatly
influenced in recent years by applications of Al. The use of Al technologies for supply chain optimization,
market forecasting, product quality, logistics management and risk analysis leads to better operational
efficiency and profitability in the entire agricultural value chain [5, 16]. Moreover, intelligent agricultural
robot technologies have made several agricultural tasks such as planting, spraying, harvesting, and field
monitoring automatically possible, which has reduced the need for manual work and improved the accuracy
of operation [4].
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Al has been incorporated with novel technologies like Internet of Things (IoT), Big Data Analytics (BDA),
Cloud Computing, and Digital Twin (DT) to support the smart agricultural environment [20, 31, 39].
Agricultural Internet of Things (IoT) systems are continuously gathering data from farms with the help of
sensors and smart devices, and Al algorithms will be analyzing that data to provide instant decision-making
[35, 40]. Another application of Digital twin that further improves farm management is the ability to
simulate and run virtual representations of farms for monitoring and optimizing them.

In the past few years, sustainable cultivation has gained attention, and Al is proving to be a key tool in
making cultivation and operations more efficient in terms of resources, environmental impact, and climate
resilience [1, 2, 15]. The use of Al technologies can result in precision irrigation, fertilizer, and pesticide
use, ensuring sustainable farming practices without waste [8, 13]. Furthermore, Al tools for crop
surveillance and yield prediction play a crucial role in promoting sustainable development and food security
for future generations [7, 10].

Despite the benefits, there are several obstacles to the implementation of Al technologies in agriculture:
high costs for implementation, limited technical expertise and access to digital infrastructure, concerns
about data privacy, and smallholder farmers' reduced access. [26, 27] In addition, the complexity and
opacity of Al models have created a need for Explainable Artificial Intelligence (XAI) to enhance trust,
explainability, and user acceptance amongst Al systems for agriculture [2].

According to recent systematic and bibliometric reviews of the literature, agricultural-related research in
Al has increased significantly over the past few years, with research efforts emerging in areas of precision
farm management, crop surveillance, agriculture robotics, smart farming, and intelligent decision-support
systems [1, 6, 9, 10]. The research highlighted above underscores the pivotal role Al can play in shaping
agriculture's future as a more productive, sustainable, and resilient industry, meeting global food demands.

Thus, the present study seeks to review and summarize the overall applications of Artificial Intelligence
used in agricultural science by analyzing the current trends in technology, dominant agricultural
applications, advantages, challenges, and future research directions. This analysis is critical to delineate the
state of Al-based agriculture and how that can help achieve sustainable agricultural development.

2.0 LITERATURE REVIEW
2.1 Al Technologies in Agriculture

Artificial Intelligence (Al) has transformed agriculture from experiential approach to smart and intelligent
methodologies, enabled by various technologies and computational power, handling large amounts of big
data and applying intelligent algorithms to take fast and informed decisions. Machine Learning (ML) is one
of these core Al technologies used to process and predict the agricultural data. Some of the common
Machine Learning techniques are applied in various agricultural settings for yield prediction, soil fertility
analysis, weather forecast etc. [29,30]. Such predictive models can analyze the past and present data and
take intelligent decisions to optimize agricultural production and enhance crop yields for the farmers.

In addition to the aforementioned advancements, Deep Learning (DL), a subset of Machine Learning has
recently influenced the development of Al in agriculture. Deep Learning models have the ability to process
large amounts of data within unorganised formats such as images and video. The use of artificial neural
networks (ANNSs), specifically convolutional neural networks (CNNs), have been utilised to detect crop
diseases, distinguish crops from weeds [6] and other relevant agricultural applications which primarily
operate by identifying patterns, textures and anomalies within images of crops. For example, [36] identified
the potential of using CNNs to identify early signs of disease, by analysing the colour and texture of leaves
to allow for timely intervention before damage occurs.

In addition to ML (Machine Learning) and DL (Deep Learning), also other categories of Al methods like
reinforcement learning are becoming increasingly relevant for controlling complex agricultural processes
and operations, either independently or combined in so-called hybrid models for enhanced performance.
Applications are found in irrigation, fertilisation, robotic field operations like harvesting and autonomous
Crop Monitoring Systems. These systems interact with the farming environment and in many cases can
already solve specific problems for the farmer. The result is increased productivity on the farm that is also
more sustainable and resilient.

2.2 Digital Transformation Tools
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The recent advancements in digital technology such as the Internet of Things (IoT), big data and analytics,
cloud computing and edge computing etc. have enabled the growth of modern digital agriculture. This has
led to the development of smart agricultural systems that are able to make real-time and autonomous
decisions. Smart farming systems rely on a range of [oT devices, such as sensors, smart irrigation systems,
drones and automated farming equipment. These systems can gather a variety of real-time data from the
farming environment including moisture, temperature, humidity and the health of crops. The data collected
can be useful to farmers in making informed decisions about how to manage and improve their agricultural
processes[35].

IoT data is used and analyzed with big data analytics tools to generate insights from the large volume of
generated data. Big data analytics is used to discover and learn new connections, patterns, trends and
relationships (including correlations and causations) to support predictive and/or prescriptive analytics[31].
In farming, big data analytics can be applied to make informed decisions when it is time to plant, watering
and fertilizing to maximize efficiency and to reduce waste.

Cloud computing provides efficient storage of data and analytics. This data can then be viewed on a farm
or remotely by farmers and other stakeholders. In addition, edge computing processes data in the network’s
“edge” or at the point of origin, in order to improve efficiency and reduce latency. These innovations can
help to integrate new technologies into agricultural practices and improve production by supporting smart
agriculture and the development of digital farming ecosystems.

So these solutions improve productivity, efficiency and sustainability of crop management, which results
in shorter time to information and enables real-time agricultural applications[11]. They are the backbone of
smart agriculture and intelligent solutions built upon them, are the base of so called digital farming.

Efficiency, higher precision in resource management, more sustainable approaches — that’s what these
solutions bring to the farm.

2.3 Applications in Agriculture

Digital technologies and artificial intelligence (Al) are currently being implemented at different stages
throughout the value chain in agriculture to enhance efficiency, productivity and sustainability.
Applications in the crop production segment include crop yield forecasting with the help of machine
learning (ML) to predict crop yield based on previous crop yield data, weather and soil types [7]. Such
forecasts are essential for farmers, governments and other stakeholders to better plan for the consumption
and distribution of food and manage resources. Predictions also help mitigate crop losses. The detection
and classification of pests and diseases is also becoming more prevalent. Computer vision is widely used
for the automatic detection and classification of diseases in plants. CNNs in particular have been shown to
be more accurate than human analysts in some instances[37]. They enable timely intervention to control or
prevent the spread of diseases that can have serious consequences for crop yield and quality. Data from
drones and satellites can also be used to monitor crops over large areas of farmland. These data provide
valuable insights into crop health, developmental stages and stress factors that need to be taken into account
in farm management decisions.

Application of [oT and Al for making smart irrigation systems is becoming trend of time as these systems
utilize water with their smart capabilities to prevent wasted water by checking soil moisture levels and
weather forecasts [40]. Additionally, Precision Farming allows for site specific crop production along with
the appropriate and timely use of fertilizers and pesticides etc. by incorporating latest available Artificial
Intelligence technologies in farm operations and utilization of latest robotic agricultural machinery for
planting, weeding and harvesting by minimizing human intervention. These emerging systems have great
potential and are decreasing human efforts while improving efficiency and accuracy.

2.4 Research Gaps

Despite the fact that Al may introduce numerous changes in the contemporary agricultural practice, there
are challenges and gaps in knowledge that should be tackled. First, models need to be more transferable
and also applicable to other regions and crops. Currently models are mainly trained with data of a specific
region and not generalizable to other agricultural regions [14] Another significant aspect is the so called
digital divide particularly in the developing world. Because of lack of access to technology, internet and
also missing technical skills, advanced technologies are not applicable in daily work of farmers [11]. Beside
these problems, there are also many data related issues. Data variability, quality and also interoperability
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need to be enhanced. Moreover, current challenges of using data in farm management are related to security
and privacy issues that obstruct the use of data for supporting farmers’ decisions.

However, the models developed using deep learning are in a black-box fashion, which is why currently
there is a lot of research going on to study explainable Al (XAI) to create models that are more transparent
and understandable. The goal for future research should be to provide effective, scalable, affordable and
accessible solutions.

3.0 RESEARCH METHODOLOGY

The present research employs a systematic literature review (SLR) approach to examine the research on Al
and digital transformation in agriculture. Such a review methodology offers a literature systematic review
methodology.

3.1 Research Design

The study uses a qualitative systematic literature review (SLR) methodology to gain insights from articles
published in the academia on emerging trends, applications, problems and gaps associated with Digital
Transformation (DT) and Artificial Intelligence (Al) in Agriculture. This research design uses process of
systematically identifying literature in a research followed by literature selection, its evaluation and
synthesis.

3.2 Data Collection and Search Method

Important scientific and academic sources such as IEEE Xplore, SpringerLink, ScienceDirect, Scopus and
Google Scholar were used to acquire the literature. A thorough search was done with the following given
keywords: Artificial Intelligence, Digital Transformation, Smart Agriculture, Precision Agriculture,
Machine Learning, Internet of Things (IoT), and Agriculture. The peer-reviewed literature from 2021-2026
will be reviewed.

3.3 Inclusion and Exclusion Criteria

The definitions for inclusion/exclusion criteria were formed. The inclusion and exclusion criteria were
developed.

The inclusion/exclusion criteria were established to select studies that were of high quality, but were also
relevant. The following criteria were followed for literature type and year of publication: Literature of peer-
reviewed journals, Conference papers published in English in years 2021-2026, in relation to Al and
digitalisation in agriculture.

3.4 Data extraction and analysis

Selected studies were systemically analysed and relevant information was extracted and presented in the
framework of specific themes like supportive topics related to Al Technologies, Digital transformation
applications, benefits, challenges, future direction etc. All data extracted was analysed for commonalities,
trends in the studies and gaps in the current knowledge.

3.5 Synthesis Approach

A narrative synthesis approach was used for integration of findings from the selected studies and to interpret
the findings. This, in turn, helped to identify the main research gaps, technological developments as well
as potential applications to reality and challenges regarding the topic of Al and Digital transformation in
agriculture.

4.0 OPPORTUNITIES OF AI IN AGRICULTURE

Another significant industry that can be improved with Al is agriculture, as it can be enhanced in terms of
productivity, manage resources and ensure their sustainability. The Al models can provide the correct
performance and decision making [6]. The effective use of natural resources in agriculture is maximised
whereas the environmental impact is minimised with the use of accurate agriculture. Smart farming,
leveraging Al, can also be an opportunity for improvements in weather forecasting and risk management
[1] while blockchain can be used to enhance supply chain management and traceability [5].

404 Journal of Global Economy,
Special Issue (Pathways to Viksit Bharat, 2026)
Volume 22 No 3 July, 2026



ISSN (Print Version) 0975-3931
ISSN(On-Line Version) 2278-1277

5.0 CHALLENGES AND LIMITATIONS

The benefits are accompanied by also the drawbacks like costs, lack of infrastructure and data concerns
[14]. The other barrier is the privacy and security issues [10]. Digital illiteracy amongst farmers is also a
challenge (especially in the emerging markets). Merely end up at the bottom, Al is not transparent,
welcoming XAI [2].

6.0 FUTURE AND TECHNOLOGIES.

A new technology wave is emerging for the agriculture domain, including digital twins, robotics, artificial
intelligence (Al) explainability explainability (XAI) and blockchain. They would touch and respond to
transparency, including efficiencies and decision making [39]. The solution here would be to make the
research activities cost effective and scalable where a multi-disciplinary approach should be taken to come
up with sustainable farming systems.

7.0 CONCLUSION

This paper highlights the fact that Al has the potential to revolutionise the agricultural industry. Things are
bettering and Al, and other digital technologies, can pave the way for productivity and sustainability.
Remaining work needs to be dedicated to creating scalable and inclusive solutions, promoting sustainable
development.
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