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Abstract: Unmanned Aerial Vehicles (UAVs) have greatly influenced
agricultural sciences because they provide novel data-gathering,
monitoring, and analysis approaches. Using the Scopus database, this
study offers a bibliometric analysis of UAV applications in agriculture,
looking at research patterns, significant contributors, and trends from
1990 to 2023. This study finds notable keywords, prolific writers, and
influential journals by examining 760 relevant papers. The results
demonstrate the growing interdisciplinary character of this study area by
highlighting the use of UAVs for forestry management, agricultural
monitoring, and precision agriculture. Prominent writers like Lan Y and
Kumar A and influential journals like Computers and Electronics in
Agriculture and Remote Sensing were discovered. Geographically, the
USA, China, and India are the leaders in research productivity;
nevertheless, differences in cross-border cooperation are noticeable. A
strong emphasis on keyword analysis indicates that the research
highlights the changing importance of UAVSs in precision agriculture and
forestry. Still, there are gaps in environmental stressors and
multitemporal analysis. This study emphasises the necessity for ongoing
investigation into UAV applications in sustainable agriculture and
environmental monitoring, laying the groundwork for future research.
Researchers, decision-makers, and industry stakeholders can benefit
from the bibliometric study, which offers insightful information on the
intellectual framework and potential future directions of UAV
applications in agricultural sciences.

Keywords: Agricultural Extension, Drone, Precision agriculture,
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Introduction:

Drones, or Unmanned Aerial Vehicles (UAVSs), have become revolutionary instruments in many
industries, including agriculture. In recent years, UAVs have emerged as a low-cost substitute for
data analysis and sensing technology (Olson and Anderson 2021). UAV is a type of aircraft that
can be used without any help from human beings, crew, or passengers. An operator operates it
remotely. Thus, the study focuses on unidentified drones with sensors and Global Positioning
Systems (GPS) to manage Unmanned Aerial Vehicles (UAVS). The Low Altitude Remote Sensing
(LARS) technology, which includes the tiny UAV, is less expensive than conventional manned
aircraft and is likely the primary factor for the UAV industry's success in exceeding market demand
(Norasma et al. 2019). Integrating UAVs into agricultural sciences has gained substantial attention
due to their potential to revolutionize traditional farming practices and improve the productivity
of agriculture (Marinello et al. 2023).

The use of UAVs in agriculture is consistent with the general trend that these machines were
initially developed for military use (Nex et al. 2022). UAVs were progressively and effectively
used for a variety of civic applications, including surveillance, police, agriculture, and leisure
(Gupta et al. 2021). Online retailers like Amazon have recently used UAVs to transport their
merchandise to consumers (Baloch and Gzara 2020). The primary purposes of using UAVS in
agriculture are knowing the weather conditions and taking sharp images at various distances
(typically 50 to 100 meters). In addition, UAVs are used for crop forecasting, fertilizer prospecting,
seeding, spraying, and monitoring crop quality. They are also utilized to track attempts at insect,
weed, and animal assaults. For farmers who want to integrate agricultural and remote sensing
technologies to improve their farming, the tiny UAV is an excellent choice since it is easy to
operate and maintain with little training (Mukherjee, Misra, and Raghuwanshi 2019).

To properly gather data and monitor the field, small and medium-sized plantations, and farms
utilise UAVs. UAVs may provide better resolution at a reasonable cost by using high-end
equipment, meeting the necessary criteria for spatial, spectral, and temporal resolution, having
real-time processing capabilities, and lessening the impact of environmental factors.

ecision agriculture employs cutting-edge technology to meet the demands of agricultural systems,
institutional bodies, private corporations, and environmental authorities in the new century (Martos
et al. 2021). Reducing costs, optimising financial resources, raising yields, and enhancing the
overall quality of production all depend on the ability to use high-resolution, multispectral data for
monitoring and understanding agricultural needs in terms of health status, crop categorisation,
transpiration, and sunlight absorption rates (Puri et al. 2017). Large-field crop behavior
assessments, such as those of rice, maise, and wheat, are conducted using UAVSs. They report any
anomalies after scanning the area and taking images. The production function of the farm may be
impacted by accurate and exact information in agro-industry management via weed mapping,
terrain analysis for hydrology, biomass volumetric calculation, topography, and boundary
identification. Another method is immediate yield monitoring (e.g., every week or every few
meters). For sustainable resource management, unmanned aerial vehicles (UAVS) in forestry may
provide fine-grained spatial scale data and can increase the efficiency of existing collection
methods (Dainelli et al. 2021). Drones are mostly utilised for precision forestry inventory of tree
crown dimensions and position data, measuring forest stocks, monitoring deforestation, and
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disease diagnosis and management. They are also used for 3D mapping. To assist with shutdown
procedures and identify and map any dangers, UAVs are especially important for fire prevention
and post-fire monitoring. To assess deforestation rates and post-harvest data, they must also
identify geographical gaps (Shapiro et al. 2023). Drones may also regulate weed growth and
invasive alien species and monitor hard-to-reach ecosystems like wetlands and cliff faces, all from
an ecological perspective. UAVs are used to analyse patterns, gaps, and intersections in a wide
variety of scientific areas, and forestry and agricultural research is conducted within this
framework. Furthermore, the use of drones is increasingly evolving into a unified and expanding
field of study (Mohsan et al. 2022).

On the other hand, Bibliometric analysis means statistical analysis of articles, books, or other
publications, especially scientific content (Donthu et al. 2021). This bibliometric analysis aims to
systematically analyse UAV use in agricultural sciences, shedding light on the evolution, trends,
and key contributors in this rapidly growing research domain. Researchers and practitioners
increasingly recognise the significance of UAVs in agriculture, and a bibliometric analysis
becomes crucial to map the intellectual structure of this field and identify emerging trends
(Khanam et al. 2023). This approach allows us to identify seminal works, influential authors, and
research gaps, providing a holistic understanding of the current state of knowledge and future
directions in applying UAV use in agriculture.

This bibliometric helpful study to analyse the use of UAV in agriculture develops. Understanding
the intellectual landscape and identifying knowledge gaps will contribute to informed decision-
making, resource allocation, and advancing research in UAV applications for sustainability and
precision in agriculture. In the subsequent sections of this article, we delve into the methodological
approach, present and discuss the bibliometric results, and draw conclusions that contribute to the
evolving discourse on the integration of UAVs in agricultural sciences.

Consequently, the objective of this work are to (i) perform a bibliometric analysis to investigate
the temporal trend of the last 14 (1990 to date) years in the use of UAVs in agriculture and forestry
research fields concerning the volume and kind of publications, journals, countries, and scientific
organizations involved; and (ii) employ a science mapping approach to determine the primary
issues raised and keywords used in the scientific publications on UAV technology applications in
agriculture and forestry.

Research Methodology

In the current work, we use bibliometric analysis to examine the use of unmanned aerial vehicles
in agriculture. This research was carried out in two stages. Initially, the Scopus database was used
to find the research contributions. The contributions were then the focus of a bibliometric study
using VOSviewer and the R Studio-based bibliometrics package (Biblioshiny).

The Elsevier Scopus database was the data source based on articles, conference papers, reviews,
book chapters, notes, and press and letter pieces published in English between 1990 and 2023. The
search was conducted on August 8, 2023. The first step in this Bibliometric study involves a
systematic literature search to identify 760 relevant articles. Utilising databases such as Scopus, a
comprehensive search strategy will be developed using keywords such as "unmanned aerial
vehicles” OR "UAV" AND "agriculture*". Inclusion criteria will be established to filter studies
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based on parameters such as publication date range, language, and relevance to agricultural science
applications. This study helps to clarify the structure of UAV-based research in farming sciences
by highlighting the primary research areas and how they have changed over the past few years.

Following the literature search, metadata for each identified study will be collected, including title,
authors, publication date, keywords, abstract, and citation information. The data will then be
organised and stored for subsequent analysis. To visualise patterns and relationships within the
literature, Bibliometric software like VOSviewer was employed. The tool will enable the creation
of maps depicting authorship networks, co-citation patterns, and keyword evolution over time.

The final stage of the study involves the interpretation and synthesis of findings. The primary
outcomes of the Bibliometric analysis will be summarised, and potential gaps in the literature will
be identified. The study's methodology, results, and implications will be compiled into a
comprehensive report, adhering to best practices in academic writing. Researchers, practitioners,
and legislators interested in the relationship between UAVs and agricultural sciences may find this
paper useful.

Bibliometric analysis was done using Biblioshiny 4.1, an open-source bibliometric program from
RStudio. Biblioshiny is superior to other bibliometric tools because it offers a comprehensive set
of statistical approaches and visualisations that facilitate conceptual mapping of research and
performance analysis (Thangavel and Chandra, 2023). Moreover, Biblioshiny is made accessible
as an open-source R tool, in contrast to VOSviewer or Citespace.

Furthermore, VOSviewer version 1.6.16 was used to produce the bibliometric networks and
visualise the results. (van Eck and Waltman 2009). VOSviewer offers a variety of user-friendly
visualisations, especially for bibliometric map analysis (Pessin, Yamane, and Siman 2022).
Additionally, it helps by presenting findings in an easy-to-understand graphic format. Figure 1
shows the research methodologies for this article.
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Figure 1: The research methodologies and steps

3. Results and Discussion
3.1 Description of the data

Figure 2 provides vital information for conducting a bibliometric analysis of scholarly articles
from 1990 to 2023. It includes data on the timespan, sources, and documents used in the study.
The analysis covers the years 1990 to 2023, indicating the range of years from which the articles
were selected. The sources used for the study include 788 journals, books, and other publications
that contributed to the dataset. In total, 1637 documents were included in the analysis.

There are 2.9 citations on average per document, highlighting scholarly impact and referencing
within the dataset. The dataset contains a total of 55802 references. Figure 2 also provides
information about the contents of the documents. It includes 7104 keywords plus (ID), which may
refer to additional keywords or descriptors associated with the articles. Furthermore, there are 3873
author keywords (DE), most likely corresponding to certain keywords that the authors used to
characterise their study.
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@ Dataset

o Sources : int
o Documents :

o Timespan : String = "1990:2023"
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o Annual Growth Rate : float = 0.0

o Document Average Age : float= 3.9

o Average Citations per Doc : float = 14.09
o References : int = 55802

int = 1637

© DocumentContents

@ Authors

© DocumentTypes

© AuthorsCollaboration

o Keywords Plus (ID) : int = 7104

o Author's Keywords (DE) : int = 3873

o Total Authors : int = 5808
o Single-authored Docs: int = 70

o Single-authored Docs : int = 73
o Co-Authors per Doc : float = 4.4

o International Co-autharships (%) : float = 21.5

o article : int = 760

o article in press :int = 1

o book : int =7

o book chapter : int = 104

o conference paper : int = 613
o conference review : int = 48
o data paper:int =3

o editorial : int = 4
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o review : int = 87

o short survey : int =4

Publications Progression

Figure 2: Descriptive Statistics for The Dataset

Figure 3 presents a comprehensive overview of citation trends across UAV based academic articles
from 2014 to 2023. The data reveals a notable pattern of declining average total citations per article
over time, starting from 50.62 in 2014 and steadily decreasing to 0.76 by 2023. This decline is
accompanied by fluctuations in the number of articles published annually, with an initial peak of
369 articles in 2022. Despite the fluctuating publication rates, the average total citations per year
and the citable years show a consistent downward trend, indicating a diminishing impact of the
articles over time. Such findings could suggest shifts in research focus, changes in scholarly
communication practices, or alterations in citation behaviour within the academic community,
warranting further investigation and analysis.
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Figure 3: Annual distribution of average yearly citations and publications

Influential Journals

The analysis revealed various influential journals (figure 4) contributing to remote sensing and agricultural
electronics research. Among the top-ranked journals were "Remote Sensing" and "Computers and
Electronics in Agriculture,” which consistently published high-impact research in the respective fields.
Additionally, proceedings publications such as "Proceedings of SPIE - The International Society for Optical
Engineering" featured prominently (Figure 3), indicating the significance of conference contributions in
shaping scholarly discourse. Other notable journals included "IEEE Access,” "Agronomy," and

"Sustainability (Switzerland)," reflecting the interdisciplinary nature of research in remote sensing and

agricultural electronics.
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Figure 4: Influential journals in UAV
Authors output

The analysis revealed a diverse group of authors contributing significantly to remote sensing and
agricultural electronics research. Among the most prolific authors were Lan Y, Kumar A, and Li
X, each with many publications to their credit. Authors such as Zhang H, Zhang Y, and Chen Y
also consistently contributed to the scholarly literature in these fields. Notable collaborative efforts
were observed, with authors frequently co-authoring papers with colleagues, as evidenced by

shared authorship among several individuals (Figure 5).
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Figure 5: Top authors and their number of publications in UAV research
Author Productivity through Lotka's Law

Alfred J. Lotka developed Lotka's Law, a key idea in bibliometrics and information science that
characterises the productivity distribution of writers in a certain topic. The analysis revealed a
notable concentration of scholarly output among a small proportion of prolific authors per Lotka's
Law. Most documents were authored by a single individual, with over 85% of documents
attributed to a sole author (fig. 6). However, a discernible minority of documents were
collaboratively authored, with approximately 10% of documents attributed to two authors and
diminishing proportions for documents with three or more authors. The findings underscore the
prevalence of single-authored papers in the scholarly literature while highlighting the importance

of collaborative research endeavours in specific contexts.
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Figure 6: Author productivity through Lotka's Law

Corresponding Authors Countries

The study employs a quantitative approach to analyse scholarly output, focusing on the number of
articles published, self-citations per publication (SCP), and multi-country collaborations per
publication (MCP). Figure 7 presents the comparative analysis of scholarly output in selected
countries. The data reveal substantial variations in the number of articles published, SCP, and MCP
among the surveyed nations. Notably, India emerged as a significant contributor to scholarly
literature, with a high volume of articles published. However, the SCP and MCP indicators suggest
relatively lower levels of self-citation and international collaboration than other countries like
China and the USA.
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Figure: 7. Corresponding Authors Countries about UAV in agriculture sciences
Scientific Production by Countries

Figure 8 presents the regional distribution of scholarly output, highlighting the frequency of
publications from various countries. India emerges as a significant contributor, with the highest
frequency of publications among the surveyed regions. China and the USA follow closely behind,
indicating their prominent roles in the global research landscape. Italy, Germany, Brazil, Spain,
Malaysia, Greece, and Australia contribute significantly to scholarly output, albeit to varying

extents.
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Country Collaboration

Figure 9 shows information about the frequency of collaborations between different countries in
the analysed data table. It comprises data on the source country, target country, and the frequencies
of cooperation between them. From this figure, we observe that China highly collaborated with
the USA and Pakistan at a frequency of 25,12, respectively. India, Pakistan, Germany, Canada,

Japan, Switzerland Australia, and Ethiopia are also highly collaborated countries.
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Figure 9: Collaboration among the countries (higher line weight represents higher
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Active Institutions in this field

Figure 10 provides data on authors' affiliation in scholarly articles, explicitly focusing on
universities or research institutions. Each row represents a different institution, while the columns
display the total number of articles authored by individuals affiliated with each institution. This
information is valuable for bibliometric analysis, allowing researchers to identify trends in
academic collaboration, institutional productivity, and research focus areas. The data suggests the
prominence of various agricultural universities and research institutions in scholarly publishing,
with China Agricultural University leading the list with 46 articles, followed closely by Nelson

Mandela University with 39 articles.
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Figure 10: Key institutions and their productions
Analysis of Keywords Frequency, Growth, and Co-Occurrence

In a publication, the author keyword and keyword plus are the essential words and phrases used
by the authors to express their essence and represent how it is connected within scientific
communities. We can trace the crucial keywords using these most commonly used author
keywords and ensure that we capture all the necessary data. The most frequently used keywords
are presented in Figure 11. The word UAV (unmanned aerial vehicle) is used more frequently, at

a rate of 247 times, among the top five author keywords for demonstration.

Figure 12 shows that UAV, Crops, Antennas, Remote sensing, and Precision agriculture are the
top five keywords. In Figure 12, other words like agriculture, drones, deep learning, agriculture
robots, and internet of things indicate UAV applications within smallholder farms. Precision
agriculture is ranked 2 in Figure 13 which shows how UAVs are increasingly becoming important
in achieving precision agriculture and making monitoring, detection, and estimation practices
easier, faster, and more reasonable than remote sensing. Data transmitted by drones and other
remote sensing and ground-based systems for prediction and decision-making are analysed by Al
techniques, which can easily handle vast amounts of linear data. In agriculture, 10T is also very

important in interconnecting other technologies like drones, WSN, ML, DL which is effectively
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unifying various tasks (data acquisition, data analysis, processing, decision making and

implementation).

300
250
200
>
o
c
$ 150
o
g
[N
100
) I I I
0
av precision remote drone unmanned smart precision machine agriculture deep
agriculture sensing aerial farming  farming learning learning
vehicle
Author keyword
Fig. 11. Frequency of authors’ keywords
B unmanned aerial vehicles (uav) M antennas
M crops remote sensing
M precision agriculture M agriculture
W drones M agricultural robots
W deep learning H internet of things
473
500
= 359
© 400
3 302291 ey
S 300 210
o
® 200 155 135
[N,
T
0

Author keywords Plus

Fig. 12. Frequency of top 20 keywords plus



Md Shahriar Kabir /Afr.J.Bio.Sc. 6(15) (2024) Page 14350 to 10

@
remote sensing @ P
) P ®
. ® 2 g
@ — -
— * = unmanned aerial vehicles (uav)
o precision agriculiture s drofies P
@ gricultural robots

(% p & A@ggiculture
* ® crops ‘% ®

®

Fig. 13. Co-occurrence network of the keywords
Discussion

For many years, the remote sensing industry has used unmanned aerial vehicles (UAVS) as a cost-
effective way to acquire photos at geographic resolutions that are impossible with satellites or
human-piloted aircraft (Watts, Ambrosia, and Hinkley 2012). A thorough analysis of how
scientists use unmanned aerial vehicles (UAVSs) for environmental applications is required. The
rapidity with which UAVs have been deployed has hindered our understanding of the links
between data-collecting techniques and data quality. Moreover, the complete utilisation of drones
is endangered since their technological advancements have kept pace with information processing

and analysis studies (Mohsan et al. 2023).

This report provides a better understanding of the structure of UAV-based research in forestry and
agriculture by highlighting the key research disciplines and their developments over the last few
years. Regarding scientific mapping analysis in UAV technology application research, this is the
first instance that we are aware of. Highlighting an interesting subject from a multidisciplinary
perspective at the national and worldwide levels is made feasible by a relatively new branch of
study called "science mapping" (UAV-based research in agriculture and forestry, for example). In

the same topic of study, it also makes it possible to identify research gaps and overlaps.
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According to an examination of papers produced from 1995 to 2017, the number of scientific
publications in UAV-based agricultural and forestry research increased steadily over the
investigated time, demonstrating the topic's exponential expansion from 2012 forward. This
tendency is consistent with the overall research trend on drone applications, which indicates that
steady growth began to accelerate in 2015-2016.

Moreover, the SAE Technical Papers, a completely technical publication, was the only target
journal available initially. Beginning in 2004, however, there was thought to be an opportunity to
publish UAV research in the less specialised magazine Computers and Electronics in Agriculture,
which is more focused on application sectors. It was approximately 2012 when this trend took
over. After a review of the nations engaged in UAV-based research, it was discovered that, similar
to other fields, China and the US lead the world in joint ventures and publications; the other
nations, on the other hand, often don't work together. These figures highlight the lack of
international cooperation and communication as well as the various needs and scientific inquiries
that UAV technology may be able to address in various geographical regions. The stunning lack
of contact between the various research institutes, even across scientific organisations,
demonstrates how widespread scientific cooperation is in UAV-based agricultural and forestry

research, even within the same nation.

Despite this complexity, the articles retrieved between 2013 and 2017 could be divided into three
main groups based on keyword-related subjects: one was linked to image processing, another to
agricultural challenges, and a third to forestry. All things considered, the keyword analysis showed
how forestry and agriculture use different UAV technological characteristics, using different
approaches and plans to achieve different goals. For instance, after a technologically based
examination, the first cluster comprises studies carried out in the domains typically covered by
photogrammetry. The second cluster, agricultural, denotes an area of research mostly concerned
with cost-effectiveness, precision farming, and crop condition monitoring (Madushanki et al.
2019). The precise spatial resolution and nuances more noticeable in UAV photos are the main
reasons the sector offers new difficulties. Crop rows and the spaces between and within the canopy
are examples of these elements. When using UAVSs for field assessment, the survey cost is much
lower and more precise information is often obtained in real-time, unlike traditional satellite-based

methods (Alvarez-Vanhard, Corpetti, and Houet 2021). From this angle, precision agriculture is
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the main use of UAVs for data collection, crop health monitoring, mapping field variability,
decision-making, and management methods. In light of UAVs' technological potential for mapping
relatively large areas at very high spatial resolution (<25 cm) at user-defined re-survey frequencies,
the last cluster includes a variety of cutting-edge tools and novel techniques, mainly in the areas
of tree inventory, canopy structural analysis, and forestry mapping. In particular, UAVs are used
in forestry mainly to augment or replace satellite-based data for mapping tree structure and forest
classifications. They are also used to track biodiversity levels, the effects of climate change, carbon
storage over time, and other relevant issues. Furthermore, current state-of-the-art research into
using UAVs as a 3D data-capture platform, including picture matching and photogrammetric
algorithms, makes it possible to construct high-resolution and high-density point clouds useful for

mapping and measuring tree heights, volumes, and biomass (Zhang et al. 2021).

To sum up, our study has made it easier to identify new research topics for UAV-based studies,
most related to practicality and creative processing techniques. On the other hand, no phrases
pertaining to multitemporal analysis, policy and management, disturbance (such as illnesses), or
stress (such as fire, drought, etc.) were discovered to be often referenced, indicating that there
could still be unfilled research gaps or understudied topics that need attention. In conclusion, drone
applications for environmental purposes are still experimental, but rapid growth is anticipated. To
further guide the development of UAV-based sustainable agriculture and forestry, it is essential to
conduct systematic and ongoing comparative studies to identify appropriate drone remote-sensing

technologies for various environmental situations and/or applications.
6. Conclusions and Recommendations

This bibliometric analysis provides a comprehensive overview of the research landscape
surrounding the application of unmanned aerial vehicles (UAVS) in agricultural sciences. The
findings highlight a growing interest in integrating UAV technology for various agricultural
purposes, including crop monitoring, precision agriculture, pest control, and environmental

monitoring.

In conclusion, the application of UAVSs in agricultural sciences is a dynamic and rapidly evolving
field with the potential to revolutionise traditional farming practices. Continued interdisciplinary
research, technological innovation, and collaborative efforts will be essential in overcoming

current limitations and fully harnessing the capabilities of UAVs to promote sustainable and
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efficient agricultural practices. This bibliometric analysis is a valuable resource for researchers,
policymakers, and practitioners, providing a foundational understanding of the current state and

future directions of UAV applications in agriculture.

A decade of increased research production and interest in the agricultural sciences may be seen in
the bibliometric study of Unmanned Aerial Vehicles (UAVS). Precision agriculture now relies
heavily on UAVs for high-resolution data collection and real-time crop status monitoring. The
analysis illustrates the multidisciplinary character of UAV applications in agriculture by
highlighting significant authors, prestigious publications, and new research directions.
The results show that although China and the United States dominate the world in partnerships and
publishing production, other nations lack international cooperation. This emphasises the
possibility of increased international cooperation in attempts to improve the calibre and
inventiveness of research. The paper also identified three primary research clusters, each using
UAV technology differently and for a different purpose: image processing, agricultural

applications, and forestry.

The growing application of unmanned aerial vehicles (UAVS) in forestry and precision agriculture
highlights their capacity to transform conventional agricultural methods, enhance crop
management, and promote sustainable resource management. However, the analysis also
highlights research needs, notably in the areas of multitemporal analysis, policy and management,

and the effects of disruptions like illness and climate change.
Key insights from the analysis reveal that:

e Research Growth and Trends: The number of publications and citations in this field has
significantly increased over the past decade, indicating a rapidly expanding body of
knowledge and recognition of the importance of UAVSs in agriculture. This trend suggests

a sustained interest and ongoing research developments in this area.

e Geographical Distribution: The research output is geographically diverse, with significant
contributions from countries such as the United States, China, and Europe. This global
interest underscores UAV technology's universal applicability and relevance in addressing

agricultural challenges across different regions.



Md Shahriar Kabir /Afr.J.Bio.Sc. 6(15) (2024) Page 14354 to 10

e Collaborative Networks: The analysis identified key institutions and collaborative networks
driving the research forward. These collaborations often span multiple disciplines,
integrating expertise from engineering, computer science, and agronomy, which is crucial

for advancing UAV applications in agriculture.

e Technological Innovations: Advances in sensor technology, data processing algorithms, and
machine learning have significantly enhanced the capabilities of UAVs, making them more
efficient and effective tools for agricultural management. The development of multispectral
and hyperspectral imaging, in particular, has provided detailed insights into crop health

and soil conditions.

e Practical Applications: UAVs have demonstrated substantial benefits in practical
applications, such as improving crop yields, optimising resource usage, and reducing the
environmental impact of agricultural practices. These practical benefits are likely to drive

further adoption and integration of UAV technology in the agricultural sector.

e Challenges and Future Directions: Despite the promising advancements, several challenges
remain, including regulatory hurdles, high initial costs, and the need for specialised
knowledge to operate and maintain UAV systems. Future research should address these
challenges, develop cost-effective solutions, and enhance the ease of use of UAV

technology for farmers.

Recommendations

e Boost Global Cooperation: International interactions between academics and institutions
are crucial to promoting innovation and tackling global agriculture concerns. Collaborative
research initiatives, conferences, and knowledge-sharing initiatives can help with this.

e Emphasis on Understudied Areas: Future studies should fill up the gaps in the study,
particularly in areas like multitemporal analysis, policy and management implications, and
the effects of disturbances on agricultural systems. This will offer a more thorough
comprehension of UAV uses in agriculture.

e Leverage Advanced Technologies: Precision agriculture decision-making and data
analysis may be improved by combining UAVs with advanced technologies like artificial
intelligence, machine learning, and the Internet of Things (IoT). These synergies should be
investigated by researchers to boost the effectiveness and precision of UAV-based
applications.
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e Encourage Interdisciplinary Research: Considering the variety of ways that unmanned
aerial vehicles (UAVs) are used in agriculture, encouraging interdisciplinary research can
result in creative solutions and a better comprehension of intricate agricultural systems.
Experts in agronomy, computer science, and environmental science must work together.

e Develop supporting legislative and regulatory frameworks: To optimise the advantages
of unmanned aerial vehicles (UAVS) in agriculture, legislators ought to create regulatory
frameworks that tackle privacy concerns, data security, and operating protocols. This will
promote the appropriate and widespread use of UAV technology.

e Invest in Training and Capacity Building: Farmers and other agricultural professionals
need to be equipped with the necessary knowledge and tools to use UAV technology
efficiently. Technical proficiency in using UAVs and data interpretation for well-informed
decision-making are part of this.

e Promote Sustainable Practices: More research should be done to determine how
unmanned aerial vehicles (UAVs) might help with sustainable agriculture practices, such
as minimising the use of pesticides, conserving water, and making crops more resilient to
environmental stresses. Food security and long-term agricultural sustainability will benefit
from this.
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