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Abstract

Sustainability is a holistic goal that can be effectively achieved through the combined efforts of agriculture and its allied sectors. Artificial
intelligence (Al) plays a transformative role in this endeavour by bridging sector-specific solutions and integrating them to promote
environmental protection and food security. Al is revolutionizing sustainable agriculture, ensuring both food security and environmental
protection. The main objective of this article is to comprehensively review the various applications of Al in agriculture and its interlinked
sectors like fishery, animal husbandry, forestry, agricultural engineering, horticulture and food science by compiling several previous
studies to highlight their role in achieving sustainability and identify research gaps. The literature review was done through databases like
Scopus and Google Scholar. The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) framework was used to
identify, screen and select articles. This article explores the various applications of Al in pest and disease management, weed
management, weather forecasting, soil management, greenhouse farming, precision agriculture and yield management. Al has numerous
advantages, such as data-driven decision-making, resource management and reduced environmental impacts. This review highlights the
implementation of inclusive strategies to achieve sustainability by pointing out the gaps in research, policy and implementation of
technologies. The review concludes that integrating Al into agriculture and its allied sectors offer significant benefits that outweigh
potential drawbacks, thereby fostering sustainable practices and environmentally friendly innovations.
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advisory services serve farmers with customized suggestions
and assistance based on real-time information analysis (11).

Introduction

The world population is about to reach 9.9 billion by 2050 (1).
The food demand is rising (2) as a result of the increasing
population (3). Addressing this demand sustainably is a critical
challenge (4), as the existing traditional agricultural practices
faced numerous challenges and have resulted in resource
depletion and environmental deterioration (5). Therefore,
modern agricultural practices are required to address these
challenges to attain sustainability.

Given the interconnected nature of agriculture and its
allied sectors, such as animal husbandry, food science, fisheries,
horticulture, forestry, agricultural marketing and engineering-
sustainability cannot be achieved by focusing on farming alone
(12). Agricultural practices both affects and are influenced by
these interrelated allied disciplines, resulting in an intricate web,
where changes in one discipline can have a major impact on
others. Several papers have reviewed the use of Al in the
agriculture sector, emphasizing its capacity to enhance
sustainability. However, there is a lack of comprehensive review
that covers the Al application in agriculture along with its
interrelated disciplines for achieving sustainability. This paper
aims to review several existing literatures on Al services for
sustainable agriculture. This review fills the gap by offering an
integrative synthesis of Al application in agriculture and its allied
sectors. Its novelty lies in cross sectoral analysis of common
challenges and opportunities and providing an integrated
overview of attaining sustainability using Al.

Artificial intelligence (Al) offers transformative potential
in modern agriculture (6). Al is the emulation of human
intelligence in computers that have been trained to think and
behave like humans (7). Al has emerged as a vital technology in
various sectors (8), including agriculture (9). In agricultural
contexts, Al is applied in crop health monitoring, pest and
disease detection, soil health assessment and crop yield
prediction. Technologies such as machine learning (ML), the
Internet of Things (loT) and computer vision are increasingly
integrated into agricultural systems to enhance productivity
and improve decision-making processes. As a result,

agriculture can certainly be reshaped to become more resilient,
sustainable and effective with the help of Al (10). Al-driven

The primary objective of this review is to explore and
consolidate the diverse applications of Al in delivering advisory
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Fig. 2. Description of PRISMA method.

weed management, crop protection, greenhouse farming,
precision agriculture, irrigation and yield management. The
applications of Al in agriculture sector have been depicted
through visualillustrations (Fig. 3).

Pest management

Al-based technologies provide timely pest identification and
offer control recommendations (13). The earliest possible
action is taken by the precise identification of pests from the
images by Al-driven image recognition systems that use deep
learning (13). It enables forecasting future pest outbreaks by
analyzing historical pest occurrence patterns using ML
algorithms (14). Drones and loT sensors powered with Al track
insect activity and apply pesticides more efficiently, using fewer
chemicals and thus resulting in a lesser environmental impact.
When pests are detected, farmers receive mobile alerts with
tailored recommendations, enabling timely action and
minimizing crop losses (15).

Disease management

Al-driven solutions enhance plant disease management
by facilitating early identification, diagnosis and prevention
(16). Disease lesions and leaf discolorations are examined by
deep learning algorithms to identify diseases with the help of
images captured by the smartphones and Al driven drones and
loT sensors (17). Al powered chat bots and advisory systems
give real time and personalized disease management advice to
the farmers, which results in less dependence on chemical
treatments (18). The process of disease recognition generally
involves five stages: image acquisition, image pre-processing,
image segmentation, feature extraction and finally image
classification (19). This step by step process is illustrated in the
form of flowchart (Fig. 4).

Weather forecasting

Weather prediction and forecasting, impact assessment of
climate change are some of the applications of Al that helps the
farmers to take immediate action regarding the weather
related issues that affect agriculture (10). Incorporating
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Fig. 3. Al application in core agricultural fields.

https://plantsciencetoday.online


https://plantsciencetoday.online

and operational services across agriculture and its allied
sectors, with an emphasis on promoting sustainability (Fig. 1).
This review pinpoints the benefits and challenges that help to
identify the gaps that need to be addressed for achieving
sustainability. To achieve this, the study addresses the research
questions such as “what are the key application and emerging
trends of Al in agriculture and its allied sectors?” and “what are
the major challenges hindering Al adoption in Agri-allied
sectors and what are its key advantages and disadvantages?”.

Methodology

A comprehensive literature review was conducted in this paper.
This literature review followed by PRISMA was completed in
three phases: identification, screening and reporting.

Identification phase

The topics to be covered in the review are considered in the
identification phase. In the present case, the various
applications and of Al in agriculture and its allied sectors such
as horticulture, animal husbandry, fishery, forestry, agricultural
marketing, food science and agricultural engineering were
considered. Several relevant literatures have been identified
through the databases such as Google Scholar and Scopus. The
primary keywords used for the search include “Al in agriculture”
and “Al in agro-allied sectors”. The review primarily targets
studies published within the last five years, ensuring up-to-date
insights. The articles are selected based on their relevance to the
topic. A total of 162 articles have been identified through
database searching in the identification phase.

Inclusion criteria

The document type selected included articles, book chapters,
conference papers and reviews. Those articles which are
written in English were selected.

Exclusion criteria

Articles not related to agri-allied sectors, lacking meaningful Al
application context and non-English publications were excluded.

Screening phase

In the screening phase, the suitable and required information
was collected and mined from the selected papers. In this
comprehensive review, the screening is done manually for
each paper to cull out the relevant information. In this phase
the relevant information is obtained by examining and
screening out the title of the selected paper, main concept of
the paper, result and conclusion. The papers that are not
directly related to the review topic and the papers that don’t
contain information related to our subject area were excluded.
Totally 155 articles have been screened in this phase and 90
articles were excluded, since it doesn’t meet the inclusion and
exclusion criteria.

Reporting phase

In the final phase, the findings from the selected literature were
synthesized and discussed. The analysis was organized into
two main categories:

Application of Al in agriculture including topics such as pest
and disease management, weather forecasting, greenhouse and
precision agriculture, irrigation management and yield prediction.

Application of Al in allied sectors covering different fields
such as animal husbandry, fisheries, forestry, horticulture,
agricultural engineering, agricultural marketing and food science.

Additionally, the advantages and disadvantages of Al in
these domains are examined. The review concludes with a
discussion of results and key insights drawn from the reviewed
studies. In the final reporting stage, a total of 67 articles were
included in this review. The identification, screening and
reporting phase of this review is summarized in the PRISMA
flow diagram shown in Fig. 2.

Application of Al in agriculture sector

Al-driven solutions have significantly transformed the
agricultural landscape by enhancing pest and disease
management, weather forecasting, soil health assessment,
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Fig. 1. Application of Al in agriculture and its allied sectors to attain sustainability.
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Fig. 4. Process of disease recognition.

weather data provided by Al technologies, by analyzing the
historical weather patterns with farm operation enhances
precision agriculture. Al powered weather advisory services
provide real time localized weather information to the farmers
(20). Early prediction of disasters such as flood and drought by
the Al systems, aids the farmers in mitigating the risks by
providing early warning to the farmers phone (21).

Soil management

The assessment of soil health, soil nutrient content and
soil parameters such as pH, soil moisture content, soil
texture and soil type by the Al driven technologies, such as
sensors, drones and robots assist the farmers in taking
management practices by giving the real time information
(22). Using Al technologies for soil management reduces the
fertilizer usages, which enhances the soil fertility and lessen
the adverse environmental impacts (10).

Crop protection and management

Al driven devices such as drones, sensors and robots
frequently monitor the crop health by predicting the early signs
of pest and disease outbreaks and give alerts to the farmers so
that they can take immediate management actions and
thereby enhancing the productivity and reducing crop losses
(10). Machine learning algorithms monitor the plant growth
indicators that aids in easy crop management (23).

Weed management

Weed management has become easy with the help of Al
technologies that precisely identifies the weed and gives
control measures (24). Images taken from drones and
smartphones identify weeds by differentiating them from
other crops by using machine learning and image recognition
systems and gives alerts to farmers (25). Reduced herbicide
use and targeted weed control are the advantages of using Al
driven robotic sprayers (24).

Greenhouse farming

In greenhouse farming, plants are grown under controlled
conditions. Al technologies aids in attaining sustainability by
monitoring parameters such as temperature, pH and humidity
which helps in increasing the crop yields and enhancing
efficient usage of water and fertilizer (26, 27). Al driven sensors
predict the occurrence of pest and disease inside the
greenhouse. Robots powered with Al automate the operation
in greenhouses such as harvesting and weeding (28).

Irrigation management

Al driven smart irrigation systems precisely use water by
predicting the irrigation needs of the crop (29). Irrigation
systems such as sprinkler and drip are managed by automated
Al systems efficiently use the water based on the water needs
and thus reducing the water loss as well as assisting the
farmers in handling the water issues (30). Al based digital
application called AIDSIl is used in irrigation management (31).

Precision agriculture

Integrating Al with precision agriculture enhances efficiency,
effectiveness and sustainability of agricultural practices. Al
optimizes input utilization, thereby enhancing crop yield and
resource efficiency (32). Crop monitoring, efficient water use,
assessing soil health, pest and disease detection and yield
prediction are the advantages of using artificial intelligence in
precision agriculture (33).

Yield prediction and management

By analyzing the weather, soil and crop conditions, the Al
technologies predict and manage the yield of the crops (10).
These predictions enable farmers to make data-driven
decisions that maximize yield potential and reduce uncertainty
in agricultural planning (10).

Application of Al in agricultural allied sectors

Artificial Intelligence (Al) is revolutionizing agri-allied sectors
such as animal husbandry, agricultural marketing, forestry,
fishery, food science, agricultural engineering and horticulture
by improving operational efficiency, productivity and
sustainability. Some of the applications of Al in agri-allied
sectors have been depicted through visualillustrations in Fig. 5.

Animal husbandry

Al in animal husbandry improves animal welfare (34). Al
systems assist in animal identification and analysing the animal
behaviour (35), which results in the easy detection of diseases
in animals (36). Incorporating Al with drone technology has
enhanced the management of herding cows (37). Al has been
used for automated milking in cattle (38). The oestrus cycle of
the cattle has been detected with the application of Al-based
monitoring systems (39). loT devices fitted with Al driven
sensors, monitors the drinking and feeding habits of the
livestock (37). Robotics combined with Al also support
vaccination processes in poultry (38). Al has been used to
evaluate the vocalizations of livestock and aided in recognizing
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distress and comfort calls (36). The diagnosis of optimum
artificial insemination timing has also been done by the
artificial intelligence (40).

Agricultural marketing

Most of the farmers are not aware of the market prices and they
are exploited by the middleman who makes them to sell their
produce at a lower rate. This can be avoided with the help of Al
since it forecast the market prices to the farmers and assist in
data driven decision making (10). The marketing industry can
greatly benefit from artificial intelligence (41). Al-powered
models facilitate in developing a market approach that is
customer-driven and builds a cohesive market strategy (42). It
enables marketers to find future trends and forecast them (41).
Artificial intelligence has helped marketers to analyse customer
behaviour. Al-driven supply chain optimization aids in supply
optimization by identifying potential risks and opportunities
and helps in resource optimization (43). Al also plays a vital role
in agricultural product management (44).

Forestry

Artificial intelligence predicts the forest fire (45). It assists in
forest classification and mapping, identifying the illegal
felling and wood trafficking, tracking ecosystem health and
conserving biodiversity (46). Al powered robots assist in tree
trunk detection (47). Al technologies are also used for the
classification of forests and mapping, as well as in the
quantification of the resources of the forest, which results in
the conservation of forests (46).

Fishery

Artificial intelligence ensures sustainable fisheries (48). DL,
which is a subset of artificial intelligence assisted in live fish
identification (49). It aids in fish stock monitoring and
management (48). One of the Al techniques, SVM, assisted in
disease detection in fish by identifying infected fish from fresh
fish (50). Al-driven technologies keep in check the pollution that
affects the fish (49).

Food Science

One of the applications of Al in Food science is that it reduces
the food shortage crisis and food waste (10). Al plays a major
role in the agri-food industry (51). There are many Al-based

food processing strategies (52). Al-driven technologies assess
the food quality (53). Al-driven technologies also play a major
role in maintaining food safety and managing the agro-food
waste (54). Artificial intelligence can be used to make eco-friendly
food packaging for food and beverages. It also aids in
maintaining the viability of the high-quality food production (10).

Agricultural engineering

Agricultural engineering has brought about various strategies
for reducing risk in agricultural practices (55). Al powered
Agricultural  engineering technologies enhance crop
production and pest resistance (10). Al driven robots assisted
farmers in doing various agricultural operations (56). Various Al
-driven smart machineries have been developed for doing
operations such as seedbed preparation, harvesting, threshing
and weeding (57). ANN was used to forecast the performance
of the tractor engine (58).

Horticulture

Horticulture is the branch of agriculture dedicated to the
cultivation of fruits and vegetables (59). Modern agricultural
systems use artificial intelligence to identify and classify fruits
and vegetables by analysing their physical attributes-such as
size, shape and colour and comparing them to established
standard criteria and biological characteristics (10). It is used for
crop grading and quality assessment of fruits by checking their
moisture levels (59). The maturity of fruits and vegetables can be
determined by Al technologies (60). Al detects the pest and
disease infestation as well as nutrient deficiency of fruits and
vegetable crops and assists the farmers in taking management
measures and thus optimising yield and reducing the crop loss
(61). Al assists in the drying process of fruits and vegetables
(59). Gardening can be made fully automatic with Al-driven
robots. It also plays a major role in lawn management and
landscaping (10). Al driven loT system reduces the spoilage of
the horticultural crops during transportation. It is used to find
whether the fruit has been ripened naturally or artificially as
well as in identifying plant stress. Al-powered robots have been
used for harvesting, pruning and weeding and thus automate
the labour-intensive works (61). Additionally, Al is used in
postharvest stages to monitor temperature, extend shelf life
and maintain product quality (62).
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To offer a comparative perspective of how artificial
intelligence is used in various agricultural and allied sectors.
Table 1 provides an overview of important domains, the Al
technologies utilized application areas, their principal
benefits and limitation involved.

Advantages and disadvantages of Al

Although Al presents massive possibilities in revolutionizing
agriculture and allied sectors, its adoption is not without
benefits and disadvantages. Table 2 enlists the major
advantages, including increased efficiency and access to real-
time data and the disadvantages, including problems like data
privacy, unequal access and infrastructure constraints.

Results and Discussion

This review has demonstrated the diverse applications of
artificial intelligence (Al) in agriculture and its allied sectors. Al-
driven solutions enable data-informed decision making,
optimize resource utilization and enhance productivity across
each area such as pest and disease management, precision
and greenhouse farming, soil health monitoring, vyield
prediction, weather forecasting and irrigation management.

In agri-allied sectors, such as horticulture, fisheries,
forestry, agricultural marketing, animal husbandry and food
science-Al has facilitated disease detection in crops and

Table 1. Summary of Al applications by sectors

livestock, streamlined supply chains and improved food safety
practices. The key advantages of Al include efficient resource
management, enhanced productivity and reduced
environmental impact through precision practices.

However, challenges remain the widespread adoption of
Al is hindered by high implementation costs, lack of
infrastructure, low digital literacy, intermittent connectivity, data
privacy, lack of trust in Al systems and resistance to adoption.

In India, for example, the studies shows that although Al
-driven mobile advisory platforms have potential, farmers lack
of trust in Al technologies, their low literacy level and those in
rural areas tend not to use them (10, 63). These limitations
must be addressed to fully realize the potential of Al in
agriculture.

Conclusion

There is no doubt that Al has the potential to foster
sustainability in agriculture and its allied sectors, particularly
when viewed through the lens of environmental conservation,
efficiency and resilience. Its integration represents a
transformative shift to towards smart and sustainable
agriculture. Farmers can take informed decisions that enhance
production while reducing the cost of inputs through Al-based
solutions such as automated irrigation, precision agriculture,
pest and disease management and real-time weather

Domain Al technologies Application area Benefits Limitation References
Pest and disease management,
Weather forecast and soil management, Real time monitoring,
reduced losses, & Unequal access by Al (10,13, 16,

Crop and weed management,

Agriculture ML, loT, DL e ? : : technologies especially 24, 26, 31, 32,
& Greenhouse and precision farming, increased yield by smallgscale fgrmersy 64, 65)
Irrigation management and yield
prediction
Image Improved sorting,  Lack of awareness of Al
Horticulture recognition, Quality grading, ripeness detection reduced post-harvest technologies by farmers (10, 59, 62)
robotics loss inrural areas
. Al sensors, ML, Al Disease detection, analysing animal Improved livestock .
Animal husbandry drones behaviour, milking in cattle welfare Data privacy (34-36, 38, 63)
. Resource iy
Forestry ReDT/(I)VItﬁ ;egjg}? Forest fire prediction, biodiversity tracking conservation, illegal Connectivity issues (45, 46, 65)
activity detection
DL models, Sustainable fishery, Lack of training to
Fishery smartsensors,  Species detection, disease monitoring fish stock farmers about usage of Al (48-50, 64)
SVM management technologies
Aland loT Waste reduction, .
Food science predictive Food quality assessment, packaging improved safety and F:Iegcfp]ﬁgﬁ Oife’;\l (10,55, >4,
analysis shelf life g
Agri.cultu.ral Al robots, ANN Mechanization (sowing, harvesting) Precision operation Al technologies reduce (56-58, 64)
engineering ’ ’ need for manual labour ’
Reduced middleman
Agricultural DL ML Market price forecasting, supply chain dependency for  Low digital literacy of the (10, 41, 43)
marketing ’ optimization farmers, easy market farmers v
access

Table 2. Advantages and disadvantages of Al

Advantages of Al

Disadvantages of Al

Al provides data-driven insights and thus enhances resource
management (64)
Al has the potential to reduce t?e ?dverse environmental impacts
67

Artificial intelligence enhances crop yield by predictive analysis (10)
Artificial intelligence technology advancements have strengthened

and increased the productivity of agricultural based business (65)

Al technologies improve efficiency in agriculture (65)
Al systems offer real-time and accurate data, allowing farmers to
take timely decisions (64)
Al-driven technologies facilitates climate change adaptation by
predicting weather patterns (65)

There is a lack of well-developed infrastructure for using Al (66)

The application of Al is highly expensive for the farmers (66)

Most farmers lack training about the Al usage (64)

Al application in agriculture creates Data safety and privacy concerns(63)

Farmers in rural areas face connectivity issues (65)

Unequal access to Al technologies by farmers, particularly small-scale

farmers (65)

Al technologies decreases the need for manual labour (64)
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forecasting. Despite these benefits, several barriers impede
large-scale adoption including high implementation costs, a
shortage of skilled professionals, inadequate digital
infrastructure and data privacy concerns. Stakeholder
collaboration and enabling policies are central to making Al
available and farmer-friendly, particularly for smallholders.

In the future, agricultural sustainability can be
enhanced further by integrating Al with advanced technologies
such as block chain, the Internet of Things (loT) and remote
sensing. Long-term success will depend on a balanced
approach that integrates Al-driven technologies with
traditional farming principles. New technologies like federated
learning (to enable privacy-preserving Al models) and
generative Al (to model crop situations or advisory assistance)
show great promise. There are still questions around how to
best localize Al, scale it among smallholder farmers and
combine it with conventional approaches. It will be essential to
achieve a harmonious, farmer-driven balance that connects
technological innovation with accessibility if the full potential
of Alin sustainable agriculture is to be achieved. Ultimately, the
advantages of Al outweigh its limitations, making it a powerful
tool in the pursuit of sustainable agricultural development.
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