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Abstract: The growing global population demands an increase in agricultural production and the
promotion of sustainable practices. Smart agriculture, driven by advanced technologies, is crucial to
achieving these goals. These technologies provide real-time information for crop monitoring, yield
prediction, and essential farming functions. However, adopting intelligent farming systems poses
challenges, including learning new systems and dealing with installation costs. Robust support is
crucial for integrating smart farming into practices. Understanding the current state of agriculture,
technology trends, and the challenges in technology acceptance is essential for a smooth transition
to Agriculture 4.0. This work reports on the pivotal synergy of IoT technology with other research
trends, such as weather forecasting and robotics. It also presents the applications of smart agriculture
worldwide, with an emphasis on government initiatives to support farmers and promote global
adoption. The aim of this work is to provide a comprehensive review of smart technologies for
precision agriculture and especially of their adoption level and results on the global scale; to this
end, this review examines three important areas of smart agriculture, namely field, greenhouse, and
livestock monitoring.

Keywords: IoT; precision agriculture; smart farming; Agriculture 4.0

1. Introduction

The development of agriculture in the forthcoming decades needs to pursue ambi-
tious goals, including ensuring food safety, improving product quality, and the adoption
of sustainable agriculture methods and practices [1–3]. In this context, smart farming
(also termed “smart agriculture”) can prove to be an invaluable tool for achieving these
goals [4–7]. Digital technologies are part of the new strategic solutions for the development
of agriculture and they have the ability to increase the scale, efficiency, and effectiveness of
farm production [8]. The Food and Agriculture Organization (FAO) of the United Nations
calls this role the “Digital Agricultural Revolution”, while other sources characterize it as
“Agriculture 4.0” [9–14]. In the context of “Agriculture 4.0”, precision agriculture focuses
on utilizing data from multiple and diverse sources to improve crop yields and on ensuring
that the strategies used for crop management are applied in a cost-effective fashion. This
spans across multiple resource utilization domains, including the application of fertilizers
and plant protection substances, as well as irrigation [4,15,16]. Precision agriculture focuses
on the exploitation of technologies such as GPS, sensors, and data analytics; in a wider
context, smart farming aims at harnessing the power of information and communication
technologies (ICTs) to optimize complex farming systems, utilizing human labor more
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effectively and enhancing crop quality and quantity [17–19] while also including the aspect
of collaboration [20]. In this paper, our main focus is on precision agriculture; however,
important developments from the area of smart farming, such as the use of AI, are also
taken into account.

Further, considering the current state of the agricultural sector and the imperative to
address climate neutrality concerns, the widespread adoption of Agricultural Green Pro-
duction Technologies (AGPTs) is widely acknowledged as a fundamental approach. AGPTs
offer innovative solutions and practices that promote sustainable agriculture and contribute
to the overall goal of achieving climate neutrality in the agricultural industry [21–23].

The objective of this study is to conduct a comprehensive review of issues and aspects
related to the implementation and deployment of intelligent technologies in the agricultural
sector. This paper discusses the challenges faced by the agricultural industry in meeting the
increasing demands caused by population growth, which necessitates higher agricultural
outputs and improved product quality while, in parallel, ensuring sustainability. Fur-
thermore, this review examines the technologies and methods available to address these
challenges, as well as the difficulties encountered by farmers when adopting new technolo-
gies and integrating them into their farming practices. It covers various systems related to
smart agriculture, including those employed in open fields and greenhouses, smart water
supply systems, and the broader application of IoT systems in the agricultural sector, as
well as the implementation of IoT systems for livestock tracking in pastures. A search was
conducted to track the evolution and acceptance of technology based on the chronological
publication of pertinent scientific articles and publications at large. Additionally, this
paper highlights examples of applications that have been successfully implemented in
different countries worldwide and discusses governmental programs designed to support
the agricultural sector.

Topics concerning precision agriculture have been studied in a number of literature
surveys that have been published in the past few years. Surveys [8,24,25] undertake a
global view of the application of ICTs in precision agriculture. References [26–28] focus
on the use of artificial intelligence and machine learning-based techniques in the domain
of precision agriculture, while references [29–31] examine the use of UAVs for perform-
ing precision agriculture tasks. Since the Internet of Things (IoT) has proved to be a key
enabler for precision agriculture and plays a pivotal role in the design and implemen-
tation of precision agriculture systems, several surveys have focused on aspects of the
application of IoT in precision agriculture, including architectures, technologies, practices,
and applications [32–37]. Finally, the factors that influence the acceptance and take-up of
precision agriculture are studied in a number of surveys (e.g., [38–40]), while a number of
scientific papers explore the development of precision agriculture in specific countries, also
considering governmental projects for the uptake of precision agriculture [41–44].

This paper, besides considering more recent developments than those already pub-
lished in the literature, undertakes a more global perspective, considering multiple aspects
affecting the implementation and uptake of precision agriculture, and more specifically
(a) challenges and concerns, (b) technological developments, (c) the state and evolution of
the IoT and its use in precision agriculture, (d) application areas of precision agriculture,
and (e) implementation projects and success stories that have been carried out in different
countries. The different aspects are interrelated, since, for instance, IoT acts as an enabler
for applications, while success stories may be a positive factor regarding the acceptance
and uptake of precision agriculture methods. Figure 1 illustrates the relationships between
the precision agriculture aspects surveyed in this paper.

The rest of the paper is structured as follows. Section 2 presents the data collection
method and process. Section 3 presents the challenges and concerns faced by farmers
and ranchers when implementing smart farming programs and adopting IoT systems and
wireless sensor networks. Section 4 presents the evolution of technology as shaped by the
writing of scholarly articles. Section 5 briefly presents IoT technology and how it is applied
to smart agriculture. Section 6 presents a brief description of the three main applications in
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precision agriculture. Section 7 presents implementation projects and success stories that
have been carried out in different countries. Finally, Section 8 presents the conclusions.

Figure 1. Relationships between the precision agriculture aspects surveyed in this paper.

2. Data and Methods

The purpose of this paper is to give an overview of the current situation in the
agricultural sector regarding the adoption and implementation of the smart agriculture
model. Through this approach, data are also provided on government support for the
adoption, support, and development of relevant projects.

The methodology used in this review was based on the PRISMA approach (Figure 2),
which is a systematic and rigorous method for reviewing and synthesizing studies available
in the literature [45].
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For the collection of data, relevant publications from scientific conferences, in inter-
national scientific journals, and the internet were identified and studied. Some seminal
papers were used both for the extraction of relevant information and for identifying addi-
tional sources (through their citation lists and by examining which works cite the seminal
papers). Searches were also conducted in scientific publication databases and on the in-
ternet. The Scopus platform was chosen for this work. When compared to the Web of
Science platform, Scopus boasts a higher number of records [46–48]. While it falls slightly
behind Google Scholar in terms of records [49,50], Scopus excels in the quality of the
metadata it provides. Moreover, it offers greater ease of data extraction when compared to
Google Scholar [49,51–55]. Table 1 lists the basic sources used for data retrieval and for the
identification of additional sources.

Table 1. Basic sources for data retrieval and for identification of additional sources.

Source Type Description Year of Publication Use

Scientific publication
A Survey on the Role of IoT in

Agriculture for the Implementation of
Smart Farming

2019 Extracting data and identifying new
scientific publications.

Scientific publication

Understanding technology acceptance
in smart agriculture: A systematic

review of empirical research in
crop production

2023 Extracting data and identifying new
scientific publications.

Scientific publication

What Drives the Adoption of
Agricultural Green Production

Technologies? An Extension of TAM
in Agriculture

2022 Extracting data and identifying new
scientific publications.

Scientific publication
A Life Cycle Framework of Green

IoT-Based Agriculture and Its Finance,
Operation, and Management Issues

2019 Extracting data and identifying new
scientific publications.

Scientific publication
A Review of the Applications of the

Internet of Things (IoT) for
Agricultural Automation

2020 Extracting data and identifying new
scientific publications.

Database Scopus Extracting data using queries.

Internet Searching for programs
and directions.

Relevant scientific publications were collected from the Scopus [56] academic database
by applying appropriate search filters. To extract the desired results, we employed the
queries presented in the following table. Please note that in the second query, the place-
holder text keywords for the specific technology were duly substituted by appropriate keywords
that described the technology in question, e.g., “smart irrigation”, “Agricultural Robots”,
or “Livestock Monitoring” (Table 2).

Table 2. Search queries used to locate scientific publications in Scopus.

Description Query

Query for the number of precision
agriculture articles in the period 1981–2023.

TITLE-ABS-KEY (precision AND agriculture)
AND PUBYEAR > 1980 AND PUBYEAR < 2024

Query for the number of articles related to
precision agriculture and to each new

technology, along with the year of their
first publication.

(TITLE-ABS-KEY (precision AND agriculture)
AND TITLE-ABS-KEY (keywords for the specific

technology)) AND PUBYEAR > 1980 AND
PUBYEAR < 2024

Query for the number of articles related to
precision agriculture per year.

TITLE-ABS-KEY (precision AND agriculture)
AND PUBYEAR = year
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3. Challenges and Concerns

As stated above, advanced technologies are taken up in farming to meet the growing
demands for product quantity and quality and also promote sustainability. One important
driver of the adoption of precision agriculture is the Internet of Things (IoT) [57], which
is anticipated to support numerous smart farming activities and tasks. Nevertheless, the
widespread implementation of IoT systems in agriculture encounters obstacles, such as the
substantial investments required for agricultural IoT systems and the limited technological
proficiency of farmers. In order to better study and identify these challenges, we have
categorized the applications of IoT techniques in agriculture into three groups, namely
(a) controlled environment planting, (b) open-field planting, and (c) livestock breeding,
following the classification introduced in [58].

3.1. Precision Agriculture Adoption Models and Related Variables

The widespread adoption of IoT systems in open-field agriculture, which is crucial for
addressing global food challenges, has not yet been achieved. The implementation of IoT
systems in agriculture entails not only technical considerations but also significant chal-
lenges related to finance, operation, and management (FOM). The high cost of investment
stands as the primary concern to be addressed. Both large-scale farmers and smallholders
are hesitant to undertake these costs without clear and enticing benefits and increased
convenience [58].

The factors that influence the individual acceptance of information technology (IT)
entail several external variables. These variables include situational involvement and
intrinsic involvement [59], age, computer training and management support, level of
education, and prior experience [60]. Additionally, the compatibility and characteristics of
the technology task also play a significant role in determining acceptance [61].

Facilitating conditions (FCs) encompass the technical and organizational infrastruc-
tures that provide support for IT systems. This construct is commonly used in research to
gauge users’ perceptions of the assistance available for implementing IT. Teo [62] conducted
a study and discovered that both technical and organizational support had substantial
impacts on the behavioral intention to use technology.

To enhance technology receptivity within the agricultural sector, conclusions from the
use of technology acceptance models, such as the Technology Acceptance Model (TAM) [63]
and the unified theory of acceptance and use of technology [64], can be considered. These
models incorporate various factors such as computer self-efficacy (confidence in using
computers), computer stress (perceived stress associated with using computers), and the
variable of age, and these factors appear to be widely applicable to all domains and forms
of technology [65–67]. By considering factors like computer self-efficacy, computer stress,
and age, these models offer insights into how to promote technology adoption among
agricultural professionals.

Computer self-efficacy refers to an individual’s perception of their own ability or
competence in using computers and other forms of information technology (IT). On the
other hand, computer anxiety represents a feeling of fear, discomfort, or apprehension
when it comes to using IT. Although these two concepts differ, they are often related, as
individuals with high self-efficacy tend to have lower levels of anxiety towards IT usage. In
other words, individuals who feel confident in their abilities to use computers are generally
less anxious when it comes to utilizing IT systems.

In research on IT acceptance, the age variable has been included as an extension due
to the observation that older individuals, sometimes referred to as “digital immigrants”
because they were born or raised before the widespread use of digital technology, often
exhibit higher levels of computer anxiety. Several researchers have incorporated age and
even gender variables into their studies on IT acceptance [65,66]. Talantis, Shin, and
Severt [67], in their study on participant acceptance of conference mobile applications
(apps), found that the perceived usefulness of the app was the strongest predictor of users’
attitudes toward the app. However, they observed that ease of use was the only significant
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variable that differed among age groups. They also acknowledged that the attendees’ age
group influenced their technology preferences.

The skill level and efficiency of a country’s workforce are widely recognized as crucial
factors in its industrial development. These capabilities are heavily influenced by the quality
of education and training within the nation. Information technology plays a significant role
in transforming the landscape of education and training, contributing to the development
of necessary skills and enhancing workforce efficiency. The integration of information
technology in education and training initiatives can have a profound impact on the skill
level and capabilities of individuals, ultimately driving industrial development in a country.
Additionally, the availability of skilled personnel enhances the confidence of users that
efficient support will be available when required, reducing thus computer anxiety.

3.2. Agricultural Green Production Technologies and Factors Affecting Their Adoption

Considering the benefits from the application of Agricultural Green Production Tech-
nologies (AGPTs) and the considerable margins to increase their adoption, there has been a
substantial increase in studies examining the factors influencing farmers’ adoption of AG-
PTs. Several research papers [68–70] have explored this topic and have identified various
determinants that contribute to farmers’ adoption behavior.

AGPTs are considered essential in addressing the significant environmental challenges
associated with agriculture, such as reducing greenhouse gas emissions. By embracing
them, the agricultural sector can strengthen its capacity to adapt to climate change and
mitigate environmental damage.

By employing sustainable practices, farmers can optimize their production methods
and yield higher-quality crops while minimizing negative environmental impacts. This dual
approach enables farmers to increase their income without compromising the ecosystem.

Moreover, AGPTs hold significant value for developing countries. By adopting AGPTs,
developing countries can mitigate the adverse effects of traditional farming practices, such
as excessive use of chemicals and unsustainable land management. This not only protects
the environment but also promotes long-term agricultural development that can support
the livelihoods of farmers and contribute to overall economic growth.

One set of determinants is related to farmers’ characteristics. Factors such as education
level, household labor force, part-time farming level, and land management scale have
been found to have a significant influence on the adoption of AGPTs. Farmers with higher
education levels may be more receptive to new technologies and possess the necessary
knowledge and skills to adopt AGPTs effectively. The availability of labor within the
household and the extent of part-time farming involvement can also impact the adoption
decision, as these factors affect the resources and time available for implementing AGPTs.
Additionally, the scale of land management, including the size of the farming operation,
can influence farmers’ ability and willingness to adopt AGPTs.

By understanding these characteristics and their influence on farmers’ adoption behav-
ior, researchers and policymakers can develop targeted strategies to promote the adoption
of AGPTs. Tailoring interventions and support programs based on farmers’ specific charac-
teristics can help overcome barriers and facilitate the widespread adoption of sustainable
agricultural practices.

The potential of precision agriculture has been highlighted through recent scientific
reviews. Monteiro at al. focused on the precision livestock farming aspects of monitoring
animal health and safety though standard monitoring technologies but not IoT [71]. Nowak
provided a short review (17 papers) on the use of satellite-based technologies for precision
agriculture and reports on the adoption differences between North America and Europe [72].
Memon et al. focused on the use of mobile applications and machine learning algorithms
for drones in precision agriculture in [73], providing a thorough examination of the specific
advantages and limitations of those technologies in a specific region. Another work focused
on the review of strategies and KPIs, measuring environmental variables for agroforestry
and precision livestock farming [74]. Very recent works provided an in-depth analysis of
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IoT technologies for precision agriculture in cotton production [75]. A recent short review
by Maruya at el. provided a shortlist of technologies for precision agriculture in general [76].
Finally, another recent review examined the technologies and sensors that record data for
precision agriculture, mainly farming [77].

All the above works either focus on specific aspects of precision agriculture or on
specific technologies (traditional and IoT-related) relevant to certain regions. Our work
undertakes a more global perspective, considering multiple aspects affecting the implemen-
tation and uptake of precision agriculture, including challenges and concerns, technological
developments, the maturity and evolution of precision agriculture, and success stories.
Moreover, our work considers the interplay between these different aspects, while it also
offers a more expanded approach that includes findings from the global region (all conti-
nents). Finally, this paper considers the recent technological developments in IoT-related
technologies used for precision agriculture and examines their use in three important
application areas, namely field, greenhouse, and livestock monitoring.

4. Evolution of Technology

The development of technology in precision agriculture can be observed through the
process of publishing scientific papers. By using specific queries in the Scopus [56] scientific
database, relevant results were obtained.

The results presented in this section provide insights regarding the year of appearance
of new technologies in agriculture and the number of scientific publications until today
(Table 3).

In the first row, we can observe the year of publication along with the number of scien-
tific papers focusing on precision agriculture for the period 1981–2023. In subsequent rows,
the years of publication are accompanied by the corresponding number of scientific papers
on the application of each emerging technology in the domain of precision agriculture
until today.

The number of publications per year reflects the interest of the scientific community
and companies in the progress and application of precision agriculture and intelligent
agriculture systems. This is depicted in Figure 3, and we can observe that there is an
increasing number of publications per year, demonstrating the rising interest in precision
agriculture and related fields and technologies. Note that for the year 2023, only the papers
published in the first six months, i.e., up to the point when the queries were run against the
academic databases, are accounted for.

Figure 3. Number of scientific publications on precision agriculture and related technologies per year.
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Table 3. The evolution of technology in agriculture as reflected through the publication of scien-
tific papers.

Technology Year of First Scientific
Publication

Number of Scientific Papers
Published until Today

Precision Agriculture 1981 18,540

Field Monitoring 1993 1806

Precision Farming 1995 4037

Satellite Imagery 1996 589

Precision Irrigation 1997 1927

Decision Support Systems 1997 875

Remote Sensing 1997 3008

Geographic Information Systems 1997 499

Variable-Rate Technology 1997 488

Agricultural Robots 1998 2123

Livestock Monitoring 2000 375

Smart Irrigation 2001 392

Greenhouse Monitoring 2001 201

Sensor Nodes 2001 633

Autonomous Agricultural Machinery 2002 100

Unmanned Aerial Vehicles (UAVs) 2002 1753

Artificial Intelligence 2003 1011

WSN in Precision Agriculture 2003 492

Climate and Weather Prediction Models 2005 33

Global Positioning System 2005 767

Light Detection and Ranging 2006 73

Drones 2008 664

IoT in Precision Agriculture 2011 1358

Smartphone Apps and Mobile Technology 2018 10

Blockchain and Supply Chain Management 2020 12

5. IoT Technology in Precision Agriculture

IoT technology has found diverse applications in the field of agriculture, revolution-
izing various agricultural processes. It has been successfully employed in farm manage-
ment [78], farm monitoring [42], livestock monitoring, irrigation control [79], greenhouse
environmental control, autonomous agricultural machinery, and drones [58,80–86], thereby
contributing to agricultural automation.

For instance, farmers can leverage wireless sensors and mobile networks integrated
with IoT technology to monitor farming conditions in real-time and efficiently manage
their farms. This allows for immediate responses to changes in environmental factors,
optimizing resource utilization and improving productivity. Furthermore, IoT-enabled
systems enable farmers to collect and analyze valuable data, which can be used to generate
yield maps. These maps facilitate precision agriculture techniques, enabling farmers to
produce high-quality crops while minimizing costs [87].

By leveraging IoT technology, farmers can enhance their decision-making processes,
streamline operations, and achieve greater efficiency and sustainability in agricultural
practices. The ability to monitor and control agricultural processes in real time, coupled
with data-driven insights, empowers farmers to optimize resource allocation, reduce waste,
and increase overall productivity in a cost-effective manner.

Over the past few decades, IoT technologies have been widely applied to specific
agricultural processes, utilizing various sensors and network technologies. The advance-
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ments in sensor and network technology have led to the availability of different types of
networks for users to choose from. Each sensor and network system comes with its own
advantages and disadvantages, allowing farmers to select the most suitable sensors and
networks based on their specific farm conditions and working environments. This enables
farmers to implement highly efficient and cost-effective IoT-based agricultural practices.

However, it is important to note that the current use of IoT in agriculture has mostly
focused on individual solutions, rather than on a comprehensive management of the entire
agricultural process. For instance, IoT has predominantly been employed for monitoring
and controlling greenhouse environments. While these applications have proven benefi-
cial, there is still untapped potential in utilizing IoT for managing crops and agricultural
machinery across the entire agricultural system [81].

In summary, farmers can leverage IoT technologies by carefully selecting sensors
and network systems tailored to their farm conditions. Although IoT has primarily been
implemented as isolated solutions, there is scope for expanding its use to encompass
comprehensive agricultural management, covering aspects such as crop management and
machinery control.

5.1. IoT-Supported Application Categories in Agriculture

Recent advancements in wireless sensor networks have significantly facilitated the
measurement of various types of data [88]. These breakthroughs have opened up opportu-
nities for IoT to tackle diverse agricultural challenges and enable sustainable and efficient
farming practices [89]. In the field of agriculture, IoT finds application in a wide range of
activities, which can be broadly categorized into four main areas, i.e., management systems,
monitoring systems, control systems, and unmanned machinery [90], as illustrated in
Figure 4.
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Management systems encompass IoT applications that assist farmers in overall farm
management, including tasks such as resource planning, logistics, and decision-making
processes. Monitoring systems utilize IoT to collect real-time data from sensors placed in
the agricultural environment, allowing farmers to monitor factors such as temperature,
humidity, soil moisture, and crop growth. Control systems leverage IoT to enable the
remote control and automation of various agricultural processes, such as irrigation, nutrient
delivery, and pest management. Unmanned machinery refers to the use of IoT-enabled
devices such as drones or robots for tasks like crop monitoring, spraying, and harvesting.

By leveraging IoT technology within these four categories, agriculture can benefit
from enhanced management capabilities, improved monitoring and data-driven decision-
making, precise control over agricultural processes, and increased automation to optimize
efficiency and productivity. These advancements contribute to the goal of sustainable and
efficient farming practices [91,92].
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Indeed, IoT represents the integration of multiple devices that communicate, sense, and
interact with their internal and external environments through embedded technology [93].
It has emerged as a prominent megatrend in next-generation technologies, capable of
impacting various industries and business sectors. The extended benefits of IoT include
advanced connectivity of end devices, systems, and services, leading to transformative
opportunities.

IoT offers suitable solutions for a wide range of applications, including but not limited
to smart healthcare, smart cities, security, retail, traffic congestion management, industrial
control, and agriculture [94]. In each of these domains, IoT enables the integration of
devices and systems, resulting in enhanced capabilities, efficiency, and improved decision-
making processes.

In agriculture, IoT offers significant benefits by enabling smart farming practices. It
allows for the real-time monitoring of environmental conditions, automated irrigation
systems, precise application of fertilizers and pesticides, and data-driven decision-making,
leading to improved crop yields, resource efficiency, and sustainable agriculture [95].

Overall, IoT has become a transformative technology that has the potential to revolu-
tionize various industries by providing advanced connectivity, intelligent systems, and a
wide range of applications with extended benefits [96].

5.2. IoT as an Enabler for Precision Agriculture

A considerable amount of research has been conducted to explore the application of
IoT technology in agriculture, leading to the development of smart farming solutions [97].
The introduction of IoT has revolutionized the agricultural landscape by addressing various
complexities and challenges faced by farmers [98].

The advancement of technology has created the expectation that IoT can offer solutions
to problems such as water scarcity, cost management, and productivity issues, which
farmers commonly encounter [99]. Cutting-edge IoT technologies have been effective in
identifying and resolving these issues, allowing for increased productivity and reduced
costs. The implementation of wireless sensor networks has played a crucial role in collecting
data from sensor devices and transmitting them to central servers [100].

The data collected through sensors provide valuable insights into environmental
conditions, enabling effective monitoring of the entire agricultural system. However,
monitoring environmental conditions and crop productivity alone does not encompass
the full evaluation of crops. Several other factors significantly impact crop productivity,
including field management, soil and crop monitoring, prevention of unwanted objects,
protection against wild animal attacks, and prevention of theft [101].

By leveraging IoT technology, farmers and technologists can address these challenges
by collecting and analyzing data from various sources, enabling them to make informed
decisions and optimize agricultural processes. IoT-based solutions contribute to improved
crop management, enhanced productivity, and more efficient resource utilization, thereby
supporting sustainable and profitable agriculture.

5.3. Architectural Patterns for IoT-Based Systems

IoT technology facilitates the efficient scheduling of limited resources, optimizing
productivity in agriculture. Figure 5 illustrates a schematic diagram representing the
emerging agricultural trends, showcasing seamless and cost-effective interactions through
secure connectivity across individual components like greenhouses, livestock, farmers, and
field monitoring. IoT-based agricultural networks, enabled by wireless devices, enable the
real-time monitoring of crops and animals.
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The role of agricultural information systems, which encompass servers, gateways, and
agriculture databases, is essential in storing agricultural records and providing on-demand
agricultural services to authorized users [82].

Through IoT-based systems, farmers can monitor and manage their agricultural oper-
ations more effectively, ensuring optimal utilization of resources. Real-time data collection
and analysis enable timely decision-making, precise resource allocation, and proactive
intervention in case of any anomalies. This integrated approach enhances productivity,
minimizes waste, and supports sustainable farming practices [101].

Furthermore, the secure connectivity and data storage provided by IoT networks
offer reliable access to agricultural records and enable authorized users to access essential
information and services when needed. This promotes efficient decision-making, facilitates
collaborative efforts, and supports the development of agricultural strategies tailored to
specific needs.

Overall, IoT technology in agriculture offers a comprehensive and connected approach,
integrating data from various sensors and devices to optimized resource management,
enhance productivity, and foster sustainable agricultural practices [81].

6. Applications of Precision Agriculture

In the realm of smart agriculture, monitoring plays a critical role, encompassing three
main applications: field monitoring, greenhouse monitoring, and livestock monitoring.

6.1. Field Monitoring

Field monitoring applications focus on reporting various conditions and parameters
related to the agricultural field. This includes monitoring soil quality, temperature, humid-
ity, gas levels, and pressure (both air pressure and water pressure), as well as monitoring
crop diseases. IoT-based sensors provide real-time data on these aspects, enabling farmers
to assess the health of their crops, identify potential issues, and make informed decisions
regarding irrigation, fertilization, and disease management [102].
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Figure 6 illustrates a scenario in which multiple crop parameters are monitored by
deploying agricultural devices and sensors in all over the field [82]. Sensors can also be
used for automations installed on the field, e.g., to monitor automatic irrigation systems.
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The information system depicted in Figure 6 comprises the following components:

• Sensor nodes: These are small devices equipped with various sensors that measure
environmental parameters, such as temperature, humidity, soil moisture, light in-
tensity, CO2 levels, etc. These sensor nodes are distributed strategically throughout
the farm or greenhouse. Sensor nodes may be hosted on larger assemblies, such as
agrometeorological stations, while they can also be mounted on farm vehicles, such
as tractors.

• Communication protocols: WSNs and IoT systems use wireless communication proto-
cols, such as Zigbee, LoRaWAN, Wi-Fi, or Bluetooth, to enable seamless data transmis-
sion between the sensor nodes and the central gateway.

• Central gateway: The central gateway acts as a data aggregator and communication
hub. It receives data from all the sensor nodes within its range and transmits these
data to the cloud or a local server for further processing.

• Connectivity: The central gateway is typically connected to the internet, enabling
remote access to the data collected by the sensor nodes. Farmers can access these data
through computers, smartphones, or other devices.

• Satellite or unmanned aerial vehicle analysis: The analysis of data obtained from satel-
lite or drone imagery in conjunction with node data also provides useful information
for farming and guidance for autonomous machinery.

• Cloud or server: Data collected by the central gateway are sent to a cloud-based
platform or a local server for storage, analysis, and visualization.

The field monitoring information system [42,103,104] collects, analyses, and correlates
diverse types of data, which can vary depending on the specific parameters being monitored
and the requirements of the farmers. Some common types of data include the following:

• Environmental parameters: Data related to temperature, humidity, soil moisture, light
intensity, CO2 levels, and other environmental conditions. These data help farmers to
optimize irrigation, ventilation, and other climate control systems.

• Crop and plant health: Data on the growth and health of crops, including information
about nutrient levels, disease presence, and pest infestations. These data allow farmers
to take timely action to protect and enhance crop health.
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• Water and resource management: Data on water consumption, water quality, and
resource usage to optimize water and resource management practices.

• Weather data: Some remote monitoring systems may also integrate weather data from
external sources to make more informed decisions based on weather forecasts.

• Alerts and notifications: In case of any abnormal conditions or critical events, the sys-
tem may send alerts and notifications to the farmers, allowing them to respond promptly.

6.2. Greenhouse Monitoring

Smart greenhouse [105–108] designs leverage IoT devices and sensors to create a
controlled environment that minimizes the need for manual intervention. These intel-
ligent systems continuously measure and monitor different climate parameters such as
temperature, humidity, light intensity, and CO2 levels. By collecting data and analyzing
the specific requirements of the plants, IoT devices can automatically adjust and opti-
mize the greenhouse environment to create the ideal conditions for plant growth and
productivity [106].

Figure 7 illustrates a wireless sensor network (WSN) that monitors the greenhouse
environment. The network is divided into multiple parts, which process the data and
provides feedback [82].
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The WSN depicted in Figure 7 includes sensor nodes, communication protocols, and
a central gateway component, with a functionality similar to that of the corresponding
components of the field monitoring information system [104]. Furthermore, it includes the
following elements:

• Network infrastructure: WSNs may utilize mesh network topologies, where each
sensor node can communicate with neighboring nodes, creating a self-organizing and
resilient network.
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• Data routing: Data are routed through the network from the sensor nodes to the central
gateway using multi-hop communication. This allows the data to be relayed through
intermediate nodes to reach the gateway even if direct communication is not possible.

The greenhouse environment-monitoring WSN collects, analyses, and correlates di-
verse types of data, which can vary depending on the specific parameters being monitored
and the requirements of the farmers [109,110]. These data may include:

• Environmental parameters: Data on temperature, humidity, light intensity, CO2 levels,
and soil moisture are continuously collected from the sensor nodes. These data provide
valuable insights into the greenhouse’s climate conditions.

• Plant health: Some sensor nodes may be equipped with sensors to monitor specific
plant health parameters, like leaf temperature, chlorophyll content, or nutrient levels.
These data help assess the health and growth status of the plants.

• Irrigation management: Soil moisture data assist in optimizing irrigation practices.
The sensor nodes transmit soil moisture levels, allowing farmers to regulate watering
and prevent under- or overwatering.

• Climate control: Data from temperature and humidity sensors aid in managing climate
control systems like heating, ventilation, and cooling to create an optimal growth
environment for plants.

• Lighting management: Light intensity data help in adjusting artificial lighting systems
within the greenhouse to supplement natural light and optimize photosynthesis.

• Data analytics: The collected data are sent to a central system or cloud platform for
storage, analysis, and visualization. Advanced data analytics can provide insights into
trends, patterns, and anomalies, aiding in better decision-making.

6.3. Livestock Monitoring

An IoT-based livestock scenario involves using IoT devices like smart collars and
sensors to monitor the health, behavior, and location of livestock. Farmers can track vital
signs and manage feeding, water consumption, and grazing patterns, all while receiving
real-time data on their smartphones or computers. This data-driven approach enhances
animal welfare, breeding programs, and overall farm productivity.

An IoT-based livestock scenario is shown in Figure 8 [43,82].
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• IoT devices: Livestock monitoring systems involve the use of IoT devices such as
smart collars, ear tags, or implants that are attached to individual animals. These
devices are equipped with various sensors to collect data about the animals’ health,
behavior, and location.

• Communication protocols: IoT devices in livestock monitoring systems typically use
wireless communication protocols like LoRaWAN, NB-IoT, or cellular networks to
transmit data to the central data management system.

• Central data management system: A central data management system serves as the
data aggregator and processing hub. It receives data from all the IoT devices attached
to the livestock and stores the data for further analysis.

• Data storage and analysis: Data collected from the IoT devices are stored in databases
or cloud-based platforms. Advanced data analytics tools are used to process the data
and derive valuable insights about the livestock’s health and behavior.

• Connectivity: The central data management system is connected to the internet,
enabling farmers or livestock managers to remotely access and monitor the data
collected from the IoT devices. Data management and analysis systems are connected
to the internet through a gateway, while a field gateway typically arranges for the
transferring of the sensed data to data management and analysis systems.

In livestock monitoring systems [111–113] based on IoT technologies, various types of
data are collected and transmitted:

• Vital signs: Data related to the animals’ vital signs, including body temperature, heart
rate, respiratory rate, and activity levels.

• Behavioral data: Information about the animals’ behavior, such as eating patterns, rest
times, and movement, which helps in assessing their well-being and detecting any
signs of distress or abnormal behavior.

• Location tracking: IoT devices with GPS capabilities provide real-time location data of
the livestock, enabling farmers to monitor their movement and grazing patterns.

• Health parameters: Some IoT devices may collect specific health parameters like rumi-
nation activity, which can indicate the overall health and well-being of the animals.

• Reproductive data: For breeding purposes, IoT devices can track the estrus cycles and
fertility levels of individual animals, helping farmers optimize breeding programs.

• Alerts and notifications: The system can send alerts and notifications to farmers
or livestock managers in real time if any abnormal conditions or critical events are
detected, allowing for prompt action.

Overall, IoT technology empowers farmers to monitor livestock health, field con-
ditions, and greenhouse environments using specialized sensors and intelligent devices.
This real-time monitoring enables farmers to proactively manage their agricultural opera-
tions, make data-driven decisions, and ensure optimal conditions for livestock, crops, and
greenhouse plants [93,102,107,114].

7. Implementation Projects and Success Stories

In the following paragraphs, examples of successful pilot projects in precision agricul-
ture, greenhouses, and animal husbandry implemented in various countries are presented.
It is acknowledged that not all countries with programs in this domain can be covered.
Therefore, in Table 4, we list examples of countries based on criteria such as geographical
location and their ranking in terms of development levels, as outlined in the relevant report
from the International Monetary Fund in relation to lifetime income [115].
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Table 4. Classification table of countries according to their geographical location and level of
development according to the International Monetary Fund in relation to lifetime income.

Continent
Level of Development

Higher-Development
Countries

Middle-Development
Countries Lower-Development Countries

Africa Seychelles South Africa
Ethiopia
Kenya

Uganda

Asia Israel
Japan

Malaysia
Thailand

India
China

Pakistan

America United States
Canada

Mexico
Colombia

As of the writing of this review, no reports were
found of the development of government smart

agriculture programs in countries of
these categories.

Europe
Denmark

Netherlands
Sweden

As of the writing of this review, no reports were found of the development of
government smart agriculture programs in countries of these categories.

The search included countries such as Moldova, Ukraine, Albania, Bosnia and
Herzegovina, North Macedonia, and Kosovo.

Oceania Australia
New Zealand

As of the writing of this review, no reports were found of the development of
government smart agriculture programs in countries of these categories in Oceania.

The search included countries such as
Fiji, Samoa, Tonga, Papua New Guinea, Solomon Islands, and Vanuatu.

7.1. Precision Farming

Precision agriculture techniques, such as yield monitoring, variable-rate application
of fertilizers and pesticides, and GPS-guided machinery have been adopted, resulting in
improved crop productivity, resource optimization, and cost savings. Projects focusing
on data-driven decision-making, sensor technologies, and autonomous systems have
significantly enhanced crop yields and resource efficiency. Precision farming techniques,
including soil mapping, yield monitoring, and variable-rate application of inputs, have
demonstrated improved crop productivity and optimized resource utilization.

Wireless sensor networks have been developed to create water control systems that
monitor water consumption in fields. These systems have been successfully implemented
and tested in various agricultural settings. The implementation results have provided
valuable insights into optimal environmental conditions for crop growth. For instance, a
humidity level of 70–80% is suitable for the growth of lemons, while the ideal temperature
range for achieving high productivity in both vegetables and lemons is between 29 ◦C
and 32 ◦C [42]. By utilizing wireless sensor networks and water control systems, farmers
can effectively monitor and manage water usage in their fields. This technology enables
them to optimize irrigation practices, conserve water resources, and create favorable
growing conditions for different crops. The application of such water management systems
contributes to sustainable agriculture practices and efficient resource utilization.

Low-cost platforms like the Agri-Talk IoT platform have been developed specifically
for precision farming, with a focus on monitoring soil conditions [116]. The implementation
of the Agri-Talk IoT platform has yielded significant positive outcomes. It has resulted in a
40–60% increase in chlorophyll levels in turmeric plants, surpassing traditional cultivation
methods. Moreover, the platform has enabled a remarkable 70% saving in water during
the cultivation process. Notably, the adoption of the Agri-Talk IoT platform has proven
to be financially rewarding. By investing USD 14,000 in the platform, farmers have gener-
ated a revenue of USD 140,000. This achievement highlights the economic viability and
effectiveness of the Agri-Talk IoT platform compared to conventional cultivation methods.
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IoT-based agriculture production systems have been developed to monitor tempera-
ture, humidity, water consumption, and moisture content, among other crop parameters,
with the aim of increasing crop productivity [44]. These systems allow for a comparison
of water consumption before and after the implementation of IoT technology, revealing a
significant decrease of approximately 30% in water usage. For greenhouse farming, remote
sensing and control systems have been developed to monitor temperature, soil moisture,
CO2 levels, and light [105]. Systems implemented for bell pepper plants have demonstrated
the effectiveness of these technologies in increasing yield and enabling remote monitoring
of farms. By providing real-time monitoring and control of environmental variables, the
system optimizes growing conditions for crops in greenhouses. Leveraging IoT for moni-
toring and control, farmers can improve resource efficiency, reduce water consumption,
increase crop production, and remotely manage their farms.

The adoption of smart irrigation technologies addresses water scarcity challenges,
particularly in arid regions, optimizing water usage and improving crop yields. The
application of data analytics has become integral to agriculture, offering farmers insights
into crop management, pest control, and soil health. Government initiatives complement
these efforts, ranging from subsidies for agricultural inputs to credit accessibility and
training programs focused on modern farming practices. Commitment to climate-smart
agriculture aims to fortify farmers against the impacts of climate change, encouraging
adaptive practices. Furthermore, youth involvement in agriculture is facilitated through
technology-driven initiatives, training programs, and financial support for agribusiness
start-ups.

Precision agriculture involves utilizing cutting-edge technologies such as GPS-guided
tractors, precision irrigation systems, and data analytics tools. These technologies enable
farmers to optimize resource use and tailor farming practices to the specific needs of differ-
ent areas within a field. Variable-Rate Technology (VRT) is a prominent feature, allowing
farmers to precisely apply inputs such as fertilizers and pesticides based on real-time data
and localized conditions. This approach not only maximizes yields but also contributes
to sustainable and resource-efficient farming. Remote sensing technologies and satellite
imaging play crucial roles in monitoring crop health and assessing soil conditions. Digital
farming platforms have gained popularity, offering real-time data, weather forecasts, and
decision support tools. These platforms empower farmers to enhance their decision-making
processes, contributing to more effective and responsive farming practices. Subsidies and in-
centives encourage farmers to embrace these advanced technologies, aligning with broader
goals of enhancing agricultural sustainability and resilience [117–119].

Challenges include infrastructure and training. Ongoing exploration signifies a proac-
tive approach to leveraging technology for agricultural advancement [120–123].

7.2. Greenhouses

Advanced greenhouse technologies, such as climate control systems, automated ir-
rigation, and fertilization, have been implemented, resulting in higher crop yields and
improved environmental sustainability. High-tech greenhouses equipped with automated
systems for temperature, humidity, and lighting control have successfully produced high-
quality and high-yielding crops. IoT-based greenhouse environment monitoring systems
have been proposed, utilizing low-cost and low-power wireless technology [108]. The prac-
tical implementation of these systems has demonstrated their reliability and effectiveness.
By enabling remote and timely instructions, the system reduces the need for manual labor,
thereby lowering labor costs. This technology has the potential to significantly reduce
operational expenses in greenhouse farming [41].

A comparison between traditional farming methods and the IoT-enabled approach
revealed significant reductions in fertilization rates (about 60%) and pesticide usage (up
to 80%). Additionally, the implementation of IoT technology significantly reduced labor
costs by 60%. Tasks that previously required 60 laborers can now be managed by just
6 individuals, thanks to the efficient utilization of IoT technology. These examples highlight
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the transformative potential of IoT technologies in the agricultural sector. By implementing
IoT systems for environment monitoring, remote control, and precision management,
farmers can optimize resource usage, reduce costs, and improve productivity.

Greenhouse programs [124,125] stand as robust and dynamic initiatives within coun-
tries’ agricultural landscapes. Employing modern technologies and precision agriculture
practices, these greenhouses facilitate year-round production, ensuring a steady supply
of fresh fruits and vegetables for both domestic consumption and international markets.
At the forefront of innovation, these greenhouses integrate automated climate control,
irrigation systems, and advanced monitoring, contributing to efficient resource use. The
adoption of greenhouse technologies by smallholder farmers underscores an inclusive
approach, fostering economic development within local communities.

Research and development initiatives, often carried out through collaborations be-
tween research institutions, government bodies, and private enterprises, fuel continuous
advancements in greenhouse practices. Greenhouse programs, rooted in the principles of
sustainability, emphasize responsible environmental practices, including efficient water
use and integrated pest management [126].

At the heart of these initiatives is the empowerment of smallholder farmers, achieved
through targeted training programs that impart knowledge on greenhouse management
and sustainable farming practices. The floriculture industry, buoyed by modern greenhouse
technologies, notably contributes to flower exports while concurrently fostering the export
of vegetables to regional markets. Research and development activities, facilitated by
innovation centers and collaborations with institutions and international organizations,
underscore a commitment to continuous improvement in greenhouse farming.

Beyond economic development, greenhouse programs play a pivotal role in climate-
smart agriculture. By providing a controlled environment, they mitigate the impacts of
unpredictable weather patterns, contributing to overall resilience in the face of climate
change. The diversity of crops cultivated, including specialty vegetables and floriculture
products, underscores the versatility of the greenhouse sector.

Sustainability is a cornerstone, with a commitment to environmentally conscious
practices such as water conservation and integrated pest management. Continuous innova-
tion is propelled by robust research and development initiatives, fostering collaboration
between research institutions, industry bodies, and growers. Education and training pro-
grams empower greenhouse operators, disseminating knowledge on best practices and
technological advancements. The dual presence of small-scale operators in peri-urban
areas and large-scale commercial enterprises ensures a varied and resilient greenhouse
landscape. Community engagement initiatives, including educational programs and farm
tours, promote awareness and support for sustainable agricultural practices [110,127–129].

7.3. Animal Husbandry

In several countries, precision livestock farming techniques are being implemented
to enhance animal welfare and productivity. These techniques include automated feeding
systems, remote monitoring of animal health, and behavior analysis. By utilizing precision
technologies such as robotic milking systems and sensor-based monitoring of grazing
patterns, farmers can optimize milk production and herd management.

Advanced platforms have been developed to monitor the location, behavior, and
pasture grazing of animals. These platforms use wearable collars to track the movement of
animals within the farm. This technology enables the monitoring of essential parameters
such as grazing patterns, activity levels, and overall well-being. The data collected by these
systems provides valuable insights into the animals’ living conditions, helping farmers
make informed decisions about their management and welfare. These animal monitor-
ing and tracking platforms demonstrate the potential of IoT technologies to significantly
enhance livestock management practices [43].

Disease control remains a top priority, with comprehensive vaccination programs
and accessible veterinary services ensuring the health and well-being of livestock popu-
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lations. Research and development initiatives, often in collaboration with international
organizations, drive advancements in breeding, nutrition, and disease management. These
efforts are crucial in developing more resilient livestock breeds and improving overall
animal health.

Economically, animal husbandry is a substantial contributor to many countries’ GDP.
It provides significant employment and income opportunities, particularly in rural areas.
As livestock development programs evolve, they continue to be vital components of
agricultural resilience and rural livelihoods. These programs adapt to emerging challenges
and contribute significantly to national food security by ensuring a stable supply of high-
quality animal products [130–132].

The integration of precision livestock farming techniques and IoT technologies rep-
resents a significant step forward in the modernization of agriculture. By improving the
efficiency and effectiveness of livestock management, these innovations help create a more
sustainable and productive agricultural sector. The combination of advanced technology,
government support, and international collaboration paves the way for continued progress
in livestock farming, ensuring the sector’s growth and sustainability.

7.4. Food Traceability

In the horticulture, agriculture, and dairy industries, traceability measures are in-
creasingly being incorporated to monitor the production, processing, and distribution of
products. This integrated approach enhances quality control and ensures adherence to
regulatory standards. National traceability standards not only address domestic needs
but also align with international requirements, facilitating the export of food products to
global markets. Government regulatory oversight ensures the effective implementation of
traceability systems by industry stakeholders.

Leveraging IoT technologies, platforms such as Mi-Trace and MTSB enable compre-
hensive tracking and tracing of agricultural products throughout the supply chain [133].
These systems ensure transparency, quality control, and regulatory compliance. Traceability
solutions provide valuable information about the origin, handling, and distribution of
products, allowing sellers and exporters to verify the authenticity and quality of their goods.
These IoT-based solutions improve fruit traceability and bolster the agricultural export
market. By implementing traceability systems, sellers and exporters can build consumer
trust, ensure food safety, and maintain product integrity throughout the supply chain.
This technology-driven approach not only benefits the fruit industry but also enhances
the country’s reputation as a reliable source of high-quality agricultural products in the
global market.

In pursuing technological advancements, countries like Sweden are exploring inno-
vative solutions, including blockchain and digital tools, to enhance the efficiency and
transparency of traceability systems. These technologies align with broader efforts to meet
consumer demands for transparency and reliable information about the origin of food
products. Collaboration between authorities and food producers is crucial for implement-
ing and maintaining effective traceability systems. This partnership ensures compliance
with traceability requirements and enables a rapid response to any food safety-related
issues [134–138].

Food traceability programs [112,139,140] reflect a growing commitment to ensuring
the safety, quality, and regulatory compliance of agri-food products. Various countries
have implemented traceability systems across different sectors, underscoring their com-
mitment to maintaining high standards in the food supply chain. Traceability regulations
monitor and control the production, processing, and distribution of food products, partic-
ularly in sectors where accurate traceability is vital to consumer safety and international
trade [134,141–144].
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8. Conclusions

In this study, we have presented a comprehensive review of issues and aspects related
to the implementation and deployment of intelligent technologies in the agricultural sector.
We discussed the challenges faced by the agricultural industry in achieving increased agri-
cultural outputs and high product quality, while catering for sustainability. Subsequently,
this study reviewed the technologies and methods that can be employed to respond to
these challenges, as well as the impediments faced by farmers concerning the uptake of new
technologies and their integration into their farming practices. It covered various systems
related to smart agriculture, including those employed in open fields and greenhouses,
smart water supply systems, and the broader application of IoT systems in the agricultural
sector, as well as the implementation of IoT systems for livestock tracking in pastures. The
evolution and use of technologies in the context of precision agriculture were tracked and
recorded based on the chronological publication of pertinent scientific articles and publica-
tions at large. Important applications, as well as implementations and success stories in
various countries, were also identified through relevant publications and presented.

Advances in technology, especially in the field of IoT, have made available a multitude
of devices that can be used for the purposes of precision agriculture. These devices are also
becoming more efficient and affordable, facilitating the installation and use of precision
agriculture systems. In parallel, the developments in artificial intelligence pave the way for
exploiting the data sourced from field sensors to unlock new potential in field, greenhouse,
and livestock management; to this end, sensor data may be fused with data from other
sources, including advances in agronomy or data from markets.

Precision agriculture is receiving increased attention and, besides it being taken up
by individual farmers, countries are launching and implementing pilot and full-scale
programs to support farmers in using and exploiting precision agriculture practices. In
this context, higher-development countries have made better progress than middle- and
low-development countries. It is expected that all countries will follow this route, especially
in the light of the effects of climate change, where extreme conditions are more frequent,
and early warnings and intervention are becoming more and more important to avoid
damage in crops, demotion of harvest or loss of animal capital. Precision agriculture is also
an important driver of the adoption of sustainable practices in agriculture, an aspect that
further underscores its importance.

The present review will serve as a guide for further research, facilitating the ex-
ploration of practical applications and of the relevant literature. This literature survey
underscores a notable global trend towards embracing new technologies in agriculture,
evident in ongoing technological advancements and a growing body of scientific publica-
tions addressing intelligent agriculture. While acknowledging this positive momentum,
this paper emphasizes challenges associated with the adoption of new technologies in
agriculture, specifically related to the age, knowledge, and education level of farmers. It
underscores the importance of targeted actions for maximizing the benefits of technologi-
cal developments, including improved resource management, enhanced product quality,
increased crop production, and heightened profitability. To create an environment enabling
successful applications of intelligent agricultural systems, climate change mitigation, and
comprehensive support for the agricultural sector, this paper recommends a combination
of advanced technologies, financial assistance, and tailored training programs for farmers.

Author Contributions: Conceptualization, F.A., C.V., D.M. and D.S.; methodology, all authors;
validation, all authors; formal analysis, all authors; investigation, all authors; resources, F.A., C.V.
and D.M.; writing—original draft preparation, all authors; writing—review and editing, all authors;
visualization, F.A. and C.V.; supervision, C.V., D.M., K.K. and D.S. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: No new data were created or analyzed in this study.



Information 2024, 15, 466 21 of 26

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Hunter, M.C.; Smith, R.G.; Schipanski, M.E.; Atwood, L.W.; Mortensen, D.A. Agriculture in 2050: Recalibrating Targets for

Sustainable Intensification. BioScience 2017, 67, 386–391. [CrossRef]
2. Ladha, J.K.; Jat, M.L.; Stirling, C.M.; Chakraborty, D.; Pradhan, P.; Krupnik, T.J.; Sapkota, T.B.; Pathak, H.; Rana, D.S.; Tesfaye, K.;

et al. Achieving the Sustainable Development Goals in Agriculture: The Crucial Role of Nitrogen in Cereal-Based Systems. In
Advances in Agronomy; Elsevier: Amsterdam, The Netherlands, 2020; Volume 163, pp. 39–116, ISBN 978-0-12-820769-7.

3. Erisman, J.W. Setting Ambitious Goals for Agriculture to Meet Environmental Targets. One Earth 2021, 4, 15–18. [CrossRef]
4. Afzal, A.; Bell, M. Precision Agriculture: Making Agriculture Sustainable. In Precision Agriculture; Elsevier: Amsterdam,

The Netherlands, 2023; pp. 187–210, ISBN 978-0-443-18953-1.
5. Lindblom, J.; Lundström, C.; Ljung, M.; Jonsson, A. Promoting Sustainable Intensification in Precision Agriculture: Review of

Decision Support Systems Development and Strategies. Precis. Agric. 2017, 18, 309–331. [CrossRef]
6. Aubert, B.A.; Schroeder, A.; Grimaudo, J. IT as Enabler of Sustainable Farming: An Empirical Analysis of Farmers’ Adoption

Decision of Precision Agriculture Technology. Decis. Supp. Syst. 2012, 54, 510–520. [CrossRef]
7. Thomas, R.J.; O’Hare, G.; Coyle, D. Understanding Technology Acceptance in Smart Agriculture: A Systematic Review of

Empirical Research in Crop Production. Technol. Forecast. Soc. Change 2023, 189, 122374. [CrossRef]
8. Sott, M.K.; Furstenau, L.B.; Kipper, L.M.; Giraldo, F.D.; Lopez-Robles, J.R.; Cobo, M.J.; Zahid, A.; Abbasi, Q.H.; Imran, M.A.

Precision Techniques and Agriculture 4.0 Technologies to Promote Sustainability in the Coffee Sector: State of the Art, Challenges
and Future Trends. IEEE Access 2020, 8, 149854–149867. [CrossRef]

9. Rose, D.C.; Chilvers, J. Agriculture 4.0: Broadening Responsible Innovation in an Era of Smart Farming. Front. Sustain. Food Syst.
2018, 2, 87. [CrossRef]

10. Kovács, I.; Husti, I. The Role of Digitalization in the Agricultural 4.0—How to Connect the Industry 4.0 to Agriculture? Hung.
Agric. Eng. 2018, 33, 38–42. [CrossRef]

11. Zambon, I.; Cecchini, M.; Egidi, G.; Saporito, M.G.; Colantoni, A. Revolution 4.0: Industry vs. Agriculture in a Future Development
for SMEs. Processes 2019, 7, 36. [CrossRef]

12. Liu, Y.; Ma, X.; Shu, L.; Hancke, G.P.; Abu-Mahfouz, A.M. From Industry 4.0 to Agriculture 4.0: Current Status, Enabling
Technologies, and Research Challenges. IEEE Trans. Ind. Inform. 2021, 17, 4322–4334. [CrossRef]

13. Zhai, Z.; Martínez, J.F.; Beltran, V.; Martínez, N.L. Decision Support Systems for Agriculture 4.0: Survey and Challenges. Comput.
Electron. Agric. 2020, 170, 105256. [CrossRef]

14. Majumdar, P.; Bhattacharya, D.; Mitra, S.; Bhushan, B. Application of Green IoT in Agriculture 4.0 and Beyond: Requirements,
Challenges and Research Trends in the Era of 5G, LPWANs and Internet of UAV Things. Wirel. Pers. Commun. 2023, 131,
1767–1816. [CrossRef]

15. Friedl, M.A. Remote Sensing of Croplands. In Comprehensive Remote Sensing; Elsevier: Amsterdam, The Netherlands, 2018;
pp. 78–95, ISBN 978-0-12-803221-3.

16. Singh, P.; Pandey, P.C.; Petropoulos, G.P.; Pavlides, A.; Srivastava, P.K.; Koutsias, N.; Deng, K.A.K.; Bao, Y. Hyperspectral
Remote Sensing in Precision Agriculture: Present Status, Challenges, and Future Trends. In Hyperspectral Remote Sensing; Elsevier:
Amsterdam, The Netherlands, 2020; pp. 121–146, ISBN 978-0-08-102894-0.

17. Siddharth, D.; Saini, D.K.; Kumar, A. Precision Agriculture with Technologies for Smart Farming Towards Agriculture 5.0. In
Unmanned Aerial Vehicles for Internet of Things (IoT); Mohindru, V., Singh, Y., Bhatt, R., Gupta, A.K., Eds.; Wiley: Hoboken, NJ,
USA, 2021; pp. 247–276, ISBN 978-1-119-76882-1.

18. Hegde, P. Precision Agriculture: How Is It Different from Smart Farming? Available online: https://www.cropin.com/blogs/
smart-farming-vs-precision-farming-systems (accessed on 20 June 2024).

19. Agrocares. What Is the Difference between Precision, Digital and Smart Farming? Available online: https://agrocares.com/what-
is-the-difference-between-precision-digital-and-smart-farming/ (accessed on 20 June 2024).

20. Rodríguez, M.A.; Cuenca, L.; Ortiz, Á. Big Data Transformation in Agriculture: From Precision Agriculture towards Smart
Farming. In Collaborative Networks and Digital Transformation; Camarinha-Matos, L.M., Afsarmanesh, H., Antonelli, D., Eds.;
IFIP Advances in Information and Communication Technology; Springer International Publishing: Cham, Switzerland, 2019;
Volume 568, pp. 467–474, ISBN 978-3-030-28463-3.

21. Donkor, E.; Onakuse, S.; Bogue, J.; De Los Rios-Carmenado, I. Fertiliser Adoption and Sustainable Rural Livelihood Improvement
in Nigeria. Land Use Policy 2019, 88, 104193. [CrossRef]

22. Eanes, F.R.; Singh, A.S.; Bulla, B.R.; Ranjan, P.; Fales, M.; Wickerham, B.; Doran, P.J.; Prokopy, L.S. Crop Advisers as Conservation
Intermediaries: Perceptions and Policy Implications for Relying on Nontraditional Partners to Increase U.S. Farmers’ Adoption of
Soil and Water Conservation Practices. Land Use Policy 2019, 81, 360–370. [CrossRef]

23. Guo, R.; Lv, S.; Liao, T.; Xi, F.; Zhang, J.; Zuo, X.; Cao, X.; Feng, Z.; Zhang, Y. Classifying Green Technologies for Sustainable
Innovation and Investment. Resour. Conserv. Recycl. 2020, 153, 104580. [CrossRef]

24. Bhakta, I.; Phadikar, S.; Majumder, K. State-of-the-art Technologies in Precision Agriculture: A Systematic Review. J. Sci. Food
Agric. 2019, 99, 4878–4888. [CrossRef] [PubMed]

https://doi.org/10.1093/biosci/bix010
https://doi.org/10.1016/j.oneear.2020.12.007
https://doi.org/10.1007/s11119-016-9491-4
https://doi.org/10.1016/j.dss.2012.07.002
https://doi.org/10.1016/j.techfore.2023.122374
https://doi.org/10.1109/ACCESS.2020.3016325
https://doi.org/10.3389/fsufs.2018.00087
https://doi.org/10.17676/HAE.2018.33.38
https://doi.org/10.3390/pr7010036
https://doi.org/10.1109/TII.2020.3003910
https://doi.org/10.1016/j.compag.2020.105256
https://doi.org/10.1007/s11277-023-10521-1
https://www.cropin.com/blogs/smart-farming-vs-precision-farming-systems
https://www.cropin.com/blogs/smart-farming-vs-precision-farming-systems
https://agrocares.com/what-is-the-difference-between-precision-digital-and-smart-farming/
https://agrocares.com/what-is-the-difference-between-precision-digital-and-smart-farming/
https://doi.org/10.1016/j.landusepol.2019.104193
https://doi.org/10.1016/j.landusepol.2018.10.054
https://doi.org/10.1016/j.resconrec.2019.104580
https://doi.org/10.1002/jsfa.9693
https://www.ncbi.nlm.nih.gov/pubmed/30883757


Information 2024, 15, 466 22 of 26

25. Liu, W.; Shao, X.-F.; Wu, C.-H.; Qiao, P. A Systematic Literature Review on Applications of Information and Communication
Technologies and Blockchain Technologies for Precision Agriculture Development. J. Clean. Prod. 2021, 298, 126763. [CrossRef]

26. Ayoub Shaikh, T.; Rasool, T.; Rasheed Lone, F. Towards Leveraging the Role of Machine Learning and Artificial Intelligence in
Precision Agriculture and Smart Farming. Comput. Electron. Agric. 2022, 198, 107119. [CrossRef]

27. Bhat, S.A.; Huang, N.-F. Big Data and AI Revolution in Precision Agriculture: Survey and Challenges. IEEE Access 2021, 9,
110209–110222. [CrossRef]

28. Sharma, A.; Jain, A.; Gupta, P.; Chowdary, V. Machine Learning Applications for Precision Agriculture: A Comprehensive Review.
IEEE Access 2021, 9, 4843–4873. [CrossRef]

29. Tsouros, D.C.; Bibi, S.; Sarigiannidis, P.G. A Review on UAV-Based Applications for Precision Agriculture. Information 2019, 10,
349. [CrossRef]

30. Mukherjee, A.; Misra, S.; Raghuwanshi, N.S. A Survey of Unmanned Aerial Sensing Solutions in Precision Agriculture. J. Netw.
Comput. Appl. 2019, 148, 102461. [CrossRef]

31. Aslan, M.F.; Durdu, A.; Sabanci, K.; Ropelewska, E.; Gültekin, S.S. A Comprehensive Survey of the Recent Studies with UAV for
Precision Agriculture in Open Fields and Greenhouses. Appl. Sci. 2022, 12, 1047. [CrossRef]

32. Singh, R.K.; Berkvens, R.; Weyn, M. AgriFusion: An Architecture for IoT and Emerging Technologies Based on a Precision
Agriculture Survey. IEEE Access 2021, 9, 136253–136283. [CrossRef]

33. Shafi, U.; Mumtaz, R.; García-Nieto, J.; Hassan, S.A.; Zaidi, S.A.R.; Iqbal, N. Precision Agriculture Techniques and Practices: From
Considerations to Applications. Sensors 2019, 19, 3796. [CrossRef]

34. Akhter, R.; Sofi, S.A. Precision Agriculture Using IoT Data Analytics and Machine Learning. J. King Saud Univ. Comput. Inf. Sci.
2022, 34, 5602–5618. [CrossRef]

35. Madhumathi, R.; Arumuganathan, T.; Shruthi, R. Internet of Things in Precision Agriculture: A Survey on Sensing Mechanisms,
Potential Applications, and Challenges. In Intelligent Sustainable Systems; Raj, J.S., Palanisamy, R., Perikos, I., Shi, Y., Eds.; Lecture
Notes in Networks and Systems; Springer: Singapore, 2022; Volume 213, pp. 539–553. [CrossRef]

36. Kour, V.P.; Arora, S. Recent Developments of the Internet of Things in Agriculture: A Survey. IEEE Access 2020, 8, 129924–129957.
[CrossRef]

37. Saranya, T.; Deisy, C.; Sridevi, S.; Anbananthen, K.S.M. A Comparative Study of Deep Learning and Internet of Things for
Precision Agriculture. Eng. Appl. Artif. Intell. 2023, 122, 106034. [CrossRef]

38. Barnes, A.P.; Soto, I.; Eory, V.; Beck, B.; Balafoutis, A.; Sánchez, B.; Vangeyte, J.; Fountas, S.; Van Der Wal, T.; Gómez-Barbero, M.
Exploring the Adoption of Precision Agricultural Technologies: A Cross Regional Study of EU Farmers. Land Use Policy 2019, 80,
163–174. [CrossRef]

39. Pathak, H.S.; Brown, P.; Best, T. A Systematic Literature Review of the Factors Affecting the Precision Agriculture Adoption
Process. Precis. Agric. 2019, 20, 1292–1316. [CrossRef]

40. Mohr, S.; Kühl, R. Acceptance of Artificial Intelligence in German Agriculture: An Application of the Technology Acceptance
Model and the Theory of Planned Behavior. Precis. Agric. 2021, 22, 1816–1844. [CrossRef]

41. Asian Development Bank. Internet Plus Agriculture: A New Engine for Rural Economic Growth in the People’s Republic of China; Asian
Development Bank: Manila, Philippines, 2018. [CrossRef]

42. Muangprathub, J.; Boonnam, N.; Kajornkasirat, S.; Lekbangpong, N.; Wanichsombat, A.; Nillaor, P. IoT and Agriculture Data
Analysis for Smart Farm. Comput. Electron. Agric. 2019, 156, 467–474. [CrossRef]

43. Nóbrega, L.; Tavares, A.; Cardoso, A.; Gonçalves, P. Animal Monitoring Based on IoT Technologies. In Proceedings of the 2018
IoT Vertical and Topical Summit on Agriculture—Tuscany (IOT Tuscany), Tuscany, Italy, 8–9 May 2018; pp. 1–5.

44. Wasson, T.; Choudhury, T.; Sharma, S.; Kumar, P. Integration of RFID and Sensor in Agriculture Using IOT. In Proceedings of the
2017 International Conference on Smart Technologies for Smart Nation (SmartTechCon), Bengaluru, India, 17–19 August 2017;
pp. 217–222.

45. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BMJ 2021, 372, n71.
[CrossRef]

46. Martín-Martín, A.; Thelwall, M.; Orduna-Malea, E.; Delgado López-Cózar, E. Google Scholar, Microsoft Academic, Scopus,
Dimensions, Web of Science, and OpenCitations’ COCI: A Multidisciplinary Comparison of Coverage via Citations. Scientometrics
2021, 126, 871–906. [CrossRef]

47. Birkle, C.; Pendlebury, D.A.; Schnell, J.; Adams, J. Web of Science as a Data Source for Research on Scientific and Scholarly Activity.
Quant. Sci. Stud. 2020, 1, 363–376. [CrossRef]

48. Baas, J.; Schotten, M.; Plume, A.; Côté, G.; Karimi, R. Scopus as a Curated, High-Quality Bibliometric Data Source for Academic
Research in Quantitative Science Studies. Quant. Sci. Stud. 2020, 1, 377–386. [CrossRef]

49. Delgado López-Cózar, E.; Orduña-Malea, E.; Martín-Martín, A. Google Scholar as a Data Source for Research Assessment.
In Springer Handbook of Science and Technology Indicators; Glänzel, W., Moed, H.F., Schmoch, U., Thelwall, M., Eds.; Springer
Handbooks; Springer International Publishing: Cham, Switzerland, 2019; pp. 95–127, ISBN 978-3-030-02510-6.

50. Gusenbauer, M. Google Scholar to Overshadow Them All? Comparing the Sizes of 12 Academic Search Engines and Bibliographic
Databases. Scientometrics 2019, 118, 177–214. [CrossRef]

https://doi.org/10.1016/j.jclepro.2021.126763
https://doi.org/10.1016/j.compag.2022.107119
https://doi.org/10.1109/ACCESS.2021.3102227
https://doi.org/10.1109/ACCESS.2020.3048415
https://doi.org/10.3390/info10110349
https://doi.org/10.1016/j.jnca.2019.102461
https://doi.org/10.3390/app12031047
https://doi.org/10.1109/ACCESS.2021.3116814
https://doi.org/10.3390/s19173796
https://doi.org/10.1016/j.jksuci.2021.05.013
https://doi.org/10.1007/978-981-16-2422-3_42
https://doi.org/10.1109/ACCESS.2020.3009298
https://doi.org/10.1016/j.engappai.2023.106034
https://doi.org/10.1016/j.landusepol.2018.10.004
https://doi.org/10.1007/s11119-019-09653-x
https://doi.org/10.1007/s11119-021-09814-x
https://doi.org/10.22617/TCS189559-2
https://doi.org/10.1016/j.compag.2018.12.011
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s11192-020-03690-4
https://doi.org/10.1162/qss_a_00018
https://doi.org/10.1162/qss_a_00019
https://doi.org/10.1007/s11192-018-2958-5


Information 2024, 15, 466 23 of 26

51. Halevi, G.; Moed, H.; Bar-Ilan, J. Suitability of Google Scholar as a Source of Scientific Information and as a Source of Data for
Scientific Evaluation—Review of the Literature. J. Informetr. 2017, 11, 823–834. [CrossRef]

52. Harzing, A.-W. Microsoft Academic (Search): A Phoenix Arisen from the Ashes? Scientometrics 2016, 108, 1637–1647. [CrossRef]
53. Harzing, A.-W.; Alakangas, S. Google Scholar, Scopus and the Web of Science: A Longitudinal and Cross-Disciplinary Comparison.

Scientometrics 2016, 106, 787–804. [CrossRef]
54. Martín-Martín, A. Code to Extract Bibliographic Data from Google Scholar. Available online: https://github.com/alberto-martin/

googlescholar (accessed on 28 July 2024).
55. Moed, H.F.; Bar-Ilan, J.; Halevi, G. A New Methodology for Comparing Google Scholar and Scopus. J. Informetr. 2016, 10, 533–551.

[CrossRef]
56. Scopus—Document Search. Available online: https://www.scopus.com/search/form.uri?display=basic#basic (accessed on 29

July 2023).
57. Tzounis, A.; Katsoulas, N.; Bartzanas, T.; Kittas, C. Internet of Things in Agriculture, Recent Advances and Future Challenges.

Biosyst. Eng. 2017, 164, 31–48. [CrossRef]
58. Ruan, J.; Wang, Y.; Chan, F.T.S.; Hu, X.; Zhao, M.; Zhu, F.; Shi, B.; Shi, Y.; Lin, F. A Life Cycle Framework of Green IoT-Based

Agriculture and Its Finance, Operation, and Management Issues. IEEE Commun. Mag. 2019, 57, 90–96. [CrossRef]
59. Jackson, C.M.; Chow, S.; Leitch, R.A. Toward an Understanding of the Behavioral Intention to Use an Information System. Decis.

Sci. 1997, 28, 357–389. [CrossRef]
60. Agarwal, R.; Prasad, J. Are Individual Differences Germane to the Acceptance of New Information Technologies? Decis. Sci. 1999,

30, 361–391. [CrossRef]
61. Dishaw, M.T.; Strong, D.M. Extending the Technology Acceptance Model with Task–Technology Fit Constructs. Inf. Manag. 1999,

36, 9–21. [CrossRef]
62. Teo, T. Examining the Influence of Subjective Norm and Facilitating Conditions on the Intention to Use Technology among

Pre-Service Teachers: A Structural Equation Modeling of an Extended Technology Acceptance Model. Asia Pac. Educ. Rev. 2010,
11, 253–262. [CrossRef]

63. Davis, F.D. Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information Technology. MIS Q. 1989, 13, 319.
[CrossRef]

64. Venkatesh, V.; Morris, M.G.; Davis, G.B.; Davis, F.D. User Acceptance of Information Technology: Toward a Unified View. MIS Q.
2003, 27, 425. [CrossRef]

65. Assaker, G. Age and Gender Differences in Online Travel Reviews and User-Generated-Content (UGC) Adoption: Extending the
Technology Acceptance Model (TAM) with Credibility Theory. J. Hosp. Mark. Manag. 2020, 29, 428–449. [CrossRef]

66. Vahdat, A.; Alizadeh, A.; Quach, S.; Hamelin, N. Would You like to Shop via Mobile App Technology? The Technology Acceptance
Model, Social Factors and Purchase Intention. Australas. Mark. J. 2021, 29, 187–197. [CrossRef]

67. Talantis, S.; Shin, Y.H.; Severt, K. Conference Mobile Application: Participant Acceptance and the Correlation with Overall Event
Satisfaction Utilizing the Technology Acceptance Model (TAM). J. Conv. Event Tour. 2020, 21, 100–122. [CrossRef]

68. Adnan, N.; Nordin, S.M.; Bahruddin, M.A.; Tareq, A.H. A State-of-the-Art Review on Facilitating Sustainable Agriculture through
Green Fertilizer Technology Adoption: Assessing Farmers Behavior. Trends Food Sci. Technol. 2019, 86, 439–452. [CrossRef]

69. Bukchin, S.; Kerret, D. Food for Hope: The Role of Personal Resources in Farmers’ Adoption of Green Technology. Sustainability
2018, 10, 1615. [CrossRef]

70. Mao, H.; Zhou, L.; Ying, R.; Pan, D. Time Preferences and Green Agricultural Technology Adoption: Field Evidence from Rice
Farmers in China. Land Use Policy 2021, 109, 105627. [CrossRef]

71. Monteiro, A.; Santos, S.; Gonçalves, P. Precision Agriculture for Crop and Livestock Farming—Brief Review. Animals 2021, 11,
2345. [CrossRef]

72. Nowak, B. Precision Agriculture: Where Do We Stand? A Review of the Adoption of Precision Agriculture Technologies on Field
Crops Farms in Developed Countries. Agric. Res. 2021, 10, 515–522. [CrossRef]

73. Memon, K.; Umrani, F.A.; Baqai, A.; Syed, Z.S. A Review Based on Comparative Analysis of Techniques Used in Precision
Agriculture. In Proceedings of the 2023 4th International Conference on Computing, Mathematics and Engineering Technologies
(iCoMET), Sukkur, Pakistan, 17 March 2023; pp. 1–7.

74. Ramil Brick, E.S.; Holland, J.; Anagnostou, D.E.; Brown, K.; Desmulliez, M.P.Y. A Review of Agroforestry, Precision Agriculture,
and Precision Livestock Farming—The Case for a Data-Driven Agroforestry Strategy. Front. Sens. 2022, 3, 998928. [CrossRef]

75. Gürsoy, S. A Review of the Factors Affecting Adoption of Precision Agriculture Applications in Cotton Production. In Agricultural
Sciences; Gürsoy, S., Akın, S., Eds.; IntechOpen: London, UK, 2024; Volume 9, ISBN 978-0-85014-009-5.

76. Maurya, D.K.; Maurya, S.K.; Kumar, M.; Chaubey, C.; Gupta, D.; Patel, K.K.; Mehta, A.K.; Yadav, R. A Review on Precision
Agriculture: An Evolution and Prospect for the Future. Int. J. Plant Soil Sci. 2024, 36, 363–374. [CrossRef]

77. Soussi, A.; Zero, E.; Sacile, R.; Trinchero, D.; Fossa, M. Smart Sensors and Smart Data for Precision Agriculture: A Review. Sensors
2024, 24, 2647. [CrossRef]

78. Köksal, Ö.; Tekinerdogan, B. Architecture Design Approach for IoT-Based Farm Management Information Systems. Precis. Agric.
2019, 20, 926–958. [CrossRef]

79. Nawandar, N.K.; Satpute, V.R. IoT Based Low Cost and Intelligent Module for Smart Irrigation System. Comput. Electron. Agric.
2019, 162, 979–990. [CrossRef]

https://doi.org/10.1016/j.joi.2017.06.005
https://doi.org/10.1007/s11192-016-2026-y
https://doi.org/10.1007/s11192-015-1798-9
https://github.com/alberto-martin/googlescholar
https://github.com/alberto-martin/googlescholar
https://doi.org/10.1016/j.joi.2016.04.017
https://www.scopus.com/search/form.uri?display=basic#basic
https://doi.org/10.1016/j.biosystemseng.2017.09.007
https://doi.org/10.1109/MCOM.2019.1800332
https://doi.org/10.1111/j.1540-5915.1997.tb01315.x
https://doi.org/10.1111/j.1540-5915.1999.tb01614.x
https://doi.org/10.1016/S0378-7206(98)00101-3
https://doi.org/10.1007/s12564-009-9066-4
https://doi.org/10.2307/249008
https://doi.org/10.2307/30036540
https://doi.org/10.1080/19368623.2019.1653807
https://doi.org/10.1016/j.ausmj.2020.01.002
https://doi.org/10.1080/15470148.2020.1719949
https://doi.org/10.1016/j.tifs.2019.02.040
https://doi.org/10.3390/su10051615
https://doi.org/10.1016/j.landusepol.2021.105627
https://doi.org/10.3390/ani11082345
https://doi.org/10.1007/s40003-021-00539-x
https://doi.org/10.3389/fsens.2022.998928
https://doi.org/10.9734/ijpss/2024/v36i54534
https://doi.org/10.3390/s24082647
https://doi.org/10.1007/s11119-018-09624-8
https://doi.org/10.1016/j.compag.2019.05.027


Information 2024, 15, 466 24 of 26

80. Boursianis, A.D.; Papadopoulou, M.S.; Diamantoulakis, P.; Liopa-Tsakalidi, A.; Barouchas, P.; Salahas, G.; Karagiannidis, G.; Wan,
S.; Goudos, S.K. Internet of Things (IoT) and Agricultural Unmanned Aerial Vehicles (UAVs) in Smart Farming: A Comprehensive
Review. Internet Things 2022, 18, 100187. [CrossRef]

81. Kim, W.-S.; Lee, W.-S.; Kim, Y.-J. A Review of the Applications of the Internet of Things (IoT) for Agricultural Automation.
J. Biosyst. Eng. 2020, 45, 385–400. [CrossRef]

82. Farooq, M.S.; Riaz, S.; Abid, A.; Abid, K.; Naeem, M.A. A Survey on the Role of IoT in Agriculture for the Implementation of
Smart Farming. IEEE Access 2019, 7, 156237–156271. [CrossRef]

83. Holtorf, L.; Titov, I.; Daschner, F.; Gerken, M. UAV-Based Wireless Data Collection from Underground Sensor Nodes for Precision
Agriculture. AgriEngineering 2023, 5, 338–354. [CrossRef]

84. Manlio, B.; Paolo, B.; Alberto, G.; Massimiliano, R. Unmanned Aerial Vehicles for Agriculture: An Overview of IoT-Based
Scenarios. In Autonomous Airborne Wireless Networks; Imran, M.A., Abbasi, Q., Onireti, O., Ansari, S., Eds.; Wiley: Hoboken, NJ,
USA, 2021; pp. 217–235, ISBN 978-1-119-75171-7.

85. Rana, B.; Singh, Y. Internet of Things and UAV: An Interoperability Perspective. In Unmanned Aerial Vehicles for Internet of Things
(IoT); Mohindru, V., Singh, Y., Bhatt, R., Gupta, A.K., Eds.; Wiley: Hoboken, NJ, USA, 2021; pp. 105–127, ISBN 978-1-119-76882-1.

86. Phade, G.; Kishore, A.T.; Omkar, S.; Suresh Kumar, M. IoT-Enabled Unmanned Aerial Vehicle: An Emerging Trend in Precision
Farming. In Drone Technology; Mohanty, S.N., Ravindra, J.V.R., Surya Narayana, G., Pattnaik, C.R., Mohamed Sirajudeen, Y., Eds.;
Wiley: Hoboken, NJ, USA, 2023; pp. 301–324, ISBN 978-1-394-16653-4.

87. Vasisht, D.; Kapetanovic, Z.; Won, J.; Jin, X.; Chandra, R.; Kapoor, A.; Sinha, S.N.; Sudarshan, M.; Stratman, S. FarmBeats: An
IoT Platform for Data-Driven Agriculture. In Proceedings of the 14th USENIX Symposium on Networked Systems Design and
Implementation, NSDI 2017, Boston, MA, USA, 27–29 March 2017; pp. 15–29.

88. Glaroudis, D.; Iossifides, A.; Chatzimisios, P. Survey, Comparison and Research Challenges of IoT Application Protocols for Smart
Farming. Comput. Netw. 2020, 168, 107037. [CrossRef]

89. Antony, A.P.; Leith, K.; Jolley, C.; Lu, J.; Sweeney, D.J. A Review of Practice and Implementation of the Internet of Things (IoT) for
Smallholder Agriculture. Sustainability 2020, 12, 3750. [CrossRef]

90. Talavera, J.M.; Tobón, L.E.; Gómez, J.A.; Culman, M.A.; Aranda, J.M.; Parra, D.T.; Quiroz, L.A.; Hoyos, A.; Garreta, L.E. Review of
IoT Applications in Agro-Industrial and Environmental Fields. Comput. Electron. Agric. 2017, 142, 283–297. [CrossRef]

91. Elijah, O.; Rahman, T.A.; Orikumhi, I.; Leow, C.Y.; Hindia, M.H.D.N. An Overview of Internet of Things (IoT) and Data Analytics
in Agriculture: Benefits and Challenges. IEEE Internet Things J. 2018, 5, 3758–3773. [CrossRef]

92. Anand, A.; Trivedi, N.K.; Gautam, V.; Tiwari, R.G.; Witarsyah, D.; Misra, A. Applications of Internet of Things (IoT) in Agriculture:
The Need and Implementation. In Proceedings of the 2022 International Conference Advancement in Data Science, E-Learning
and Information Systems (ICADEIS), Bandung, Indonesia, 23–24 November 2022; pp. 1–5.

93. Lee, I.; Lee, K. The Internet of Things (IoT): Applications, Investments, and Challenges for Enterprises. Bus. Horiz. 2015, 58,
431–440. [CrossRef]

94. Chen, S.; Xu, H.; Liu, D.; Hu, B.; Wang, H. A Vision of IoT: Applications, Challenges, and Opportunities with China Perspective.
IEEE Internet Things J. 2014, 1, 349–359. [CrossRef]

95. Bhatnagar, V.; Singh, G.; Kumar, G.; Gupta, R. Internet of things in smart agriculture: Applications and open challenges. Int. J.
Stud. Res. Technol. Manag. 2020, 8, 11–17. [CrossRef]

96. Malik, P.K.; Sharma, R.; Singh, R.; Gehlot, A.; Satapathy, S.C.; Alnumay, W.S.; Pelusi, D.; Ghosh, U.; Nayak, J. Industrial Internet
of Things and Its Applications in Industry 4.0: State of The Art. Comput. Commun. 2021, 166, 125–139. [CrossRef]
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