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Abstract

The current population explosion necessitates immediate attention and action globally. Chemical
pesticides have long been the primary means of pest control, offering both advantages and
disadvantages. Considering recent concerns about environmental degradation, damage to non-target
species, and the evolution of pesticide-resistant pests, sustainable and environmentally friendly
techniques for pest management have assumed greater relevance. In this context, biopesticides have
emerged as a viable, ecologically responsible alternative to pesticides. Entomopathogenic fungi
(EPFs) based biopesticides are renowned for their adaptability, as they can be used in a variety of
agricultural systems and integrated pest management (IPM) programs. Through a comprehensive
bibliometric analysis, this article aims to achieve the following objectives in the field of EPF-based
pest management: identifying the key authors, institutions, and countries that have made significant
contributions to the field; analysing the trends in publication output and citation impact; and
bridging the gap between the essential aspects of EPF research. To better understand the potential of
EPF as a cornerstone in environmentally friendly pest control, the current study was conducted. This
detailed analysis provides a comprehensive picture of the current state of research in EPFs for
managing insect pests, which will ultimately inspire interdisciplinary collaboration.

Keywords: Entomopathogenic fungi (EPFs); integrated pest management (IPM); bibliometric
analysis; pest control

1. Introduction

The world’s population currently stands at approximately 7.7 billion, and these projections
indicate a notable increase to reach 10 billion by 2050. This escalating population growth holds
profound implications for our global environment and underscores the critical role of addressing
climate change, primarily driven by human activities [1,2]. This climatic transformation poses a
significant and multifaceted threat to the sustainability of our food supply system and, consequently,
the well-being and livelihood of people worldwide. Agriculture serves as the cornerstone of human
sustenance, providing the necessities for livelihoods that sustain the global population [3]. However,
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this fundamental industry faces an ever-evolving array of challenges, and among them, pest
infestations loom as persistent and daunting threats [4]. Pests, ranging from insects to pathogens, can
decimate crops, erode yields, and jeopardize food security on a global scale [5,6]. Historically,
chemical insecticides have been the primary tool in the pest control arsenal, effectively combating the
threats but also significantly raising concerns [7]. These concerns include environmental degradation,
harm to non-target species, and the emergence of pesticide-resistant pests, all of which highlight the
pressing need for sustainable and environmentally friendly approaches to pest management [8]. The
market for biopesticides is anticipated to increase at a Compound Annual Growth Rate (CAGR) of
15.77% from 2022 to 2029, from $6.51 billion to $18.15 billion across the globe, while in India,
biopesticides account for just 4.2% of the country’s total pesticide market [9]. The global market for
biopesticides experiences an annual growth rate of approximately 10% due to its recognized
environmental and economic advantages [10]. Furthermore, it is expected that this market will
continue to grow until it reaches a level comparable to that of the chemical pesticide market in the
early 2050s [11].

Entomopathogenic fungi (EPF), a group of naturally occurring microorganisms that infect and
kill pests, have emerged as an ecologically sound alternative in plant protection [12]. They offer
several advantages over chemical pesticides, such as specificity to target pests, reduced harm to non-
target organisms, and minimal environmental impact. Moreover, EPF-based biopesticides are known
for their versatility, as they can be employed in various agricultural systems and integrated pest
management (IPM) programs [13]. Specifically, the study has catalogued 700 distinct species across
90 different genera that exhibit insect pathogenic properties. Presently, the Central Insecticide Board
and Registration Committee (CIBRC) has a total of 970 registered biopesticide products within its
purview [14]. According to Mishra et al. [15], the distribution of biopesticides can be categorized into
bacterial, fungal, viral, and other types, namely those derived from plants and pheromones. These
categories contribute to 29%, 66%, 4%, and 1% of the overall biopesticide production, respectively.
At present, the current reservoir of evidence suggests that the number of entomopathogenic fungal
species is at an estimated figure of around 750. The majority of organisms can be categorized into one
of the following phyla: Chytridiomycita, Blastocladiomycota, Zoopagomycota, Basidiomycota, or
Ascomycota [16]. The taxa exhibiting higher economic significance are observed within the phylum
Ascomycota. According to Litwin et al. [17], the genera Metarhizium (Family Clavicipitaceae) and
Beauveria (Family Cordycipitaceae) are the most extensively researched and commercially utilized
species. They are followed by the genera Cordyceps (Family Cordycipitaceae), Paecilomyces (Family
Trichocomaceae), and Akanthomyces (Family Cordycipitaceae). Among them, Beauveria, Metarhizium,
Isaria, Lecanicillium, and Paecilomyces-based biopesticides have emerged as prominent players in this
arena. For instance, Metarhizium anisopline CQMa421 effectively controlled major rice insect pests (rice
stemborer, brown plant hopper, rice leaf folder) in China [18], Beauveria bassiana against white fly
Bemisia tabaci Gennadius (Homoptera: Aleurodidae) [19], Lecanicillium lecanii against tea thrips
Scirtothrips bispinosus Bagnall (Thysanoptera: Thripidae) [20].

This research article seeks to bridge the gap between the critical aspects of EPF research that is
their utilization in insect pest management through a rigorous comparative bibliometric analysis to
achieve the following objectives: to identify the key authors, institutions, and countries contributing
significantly to the field of EPF-based pest management, analyse the trends in publication output and
citation impact over the time. Through this holistic analysis, we endeavour to provide a
comprehensive overview of the current state of research in the domains and stimulate inter-
disciplinary collaboration, fostering a deeper understanding of EPF’s potential as a cornerstone in
eco-friendly pest control.

2. Materials and Methods

Bibliometric analysis is a research methodology that uses quantitative techniques to examine
bibliographic data, including citation patterns and publishing attributes, to extract meaningful
information about scientific publications [21]. A bibliometric analysis was utilized to conduct an in-
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depth investigation of the field within the context of comprehending the role of “EPF in pest
management”. This methodology encompasses a thorough and methodical examination of many
bibliographic elements, including the number of publications, authors, journals, keywords, and
citations. Through the analysis of these elements, scholars can discern significant trends, patterns,
and interrelationships within the domain of “EPF in insect pest management”.

2.1. The Development of a Research Question or Objective

Prior to commencing bibliometric analysis, it is imperative to identify unambiguous research
inquiries and objectives. Upon completion of an extensive examination of existing scholarly works,
this study has successfully selected the subsequent inquiries that will guide the research process:

i. What are the primary research patterns and influential figures in the field of “entomopathogenic
fungi in pest management”?
ii. Which authors have produced the most volume of scholarly work in your area of expertise?
1. Who are the prominent institutions in the field of “entomopathogenic fungi in pest
management”?
iv. How does the study on “entomopathogenic fungi in pest management” vary across different
regions or nations?
v. What are the most extensively researched forms of entomopathogenic fungi in the context of
pest management, and how far has it been covered in existing literature?
vi. What are the often-referred papers in the field of “entomopathogenic fungi in pest
management,” and what is their influence on the discipline?
vii. What are the research categories and long-term objectives of the study on “entomopathogenic

fungi in pest management”?

The research questions presented can be subject to modification, analysis, and adaptation
following individual research interests and objectives. The subsequent procedure involved the
generation of a distinct search category.

2.2. Selecting a Database and a Search Result

The process of locating pertinent scientific literature entails the careful selection of suitable
databases and the formulation of appropriate search terms [22]. The databases that hold significant
relevance in the field of “entomopathogenic fungi in pest management” encompass Web of Science,
Scopus, Dimensions, and Google Scholar. In this research, the Dimensions database was selected as
the preferred resource due to the constraints associated with accessing Web of Science and Scopus,
which necessitate a costly subscription. According to Williams [23], Dimensions is a widely utilized
database for doing citation analysis, and the selection of a data source is often contingent upon the
specific study goals. Importantly, it offers a vast amount of raw data, but the process of data
purification is both meticulous and time-intensive. In order to confirm the validity and applicability
of the findings, we employed targeted search terms including “entomopathogenic fungi,” “insect
pest management,” “insect,” and “pest management.” The selection of these terms was conducted
with meticulous attention in order to procure scholarly articles pertaining to our area of inquiry [24].

2.3. Selection and Retrieval of Publications

Following the completion of the search process, the subsequent stage involved the retrieval and
filtration of articles. In this study, our focus was solely on research publications, and we limited our
literature search to items that were published in the English language. A study period spanning from
2013 to 2023 was chosen, and to mitigate any bias, all pertinent data were acquired on a single day.
The search engine retrieved a total of 2716 documents for examination (Figure 1). To enhance the
reliability and validity of our findings, we used data cleansing procedures to exclude any articles that
were deemed unwanted or incomplete. Following the completion of this procedure, a total of 2,500
papers were retained for our bibliometric study. In the context of bibliometric analysis, data cleaning
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is an essential procedure that is a crucial step to produce precise and significant outcomes [25]. To
ensure the relevance and quality of the selected articles, we established clear inclusion and exclusion
criteria. Included articles need to meet the following criteria: (1) articles related to entomopathogenic
fungi and their role in insect pest management, (2) peer-reviewed research articles, reviews,
conference proceedings, preprints, monographs, chapters, and edited books, and (3) articles written
in English to facilitate analysis. Exclusion criteria involved the articles that did not align with core
research themes, were not peer-reviewed, were not available in English, or were published before the
year 2013 [26,27].

Data searched u31q§ q:pres Included (n=2716)

entomopathogevlr‘uls fungi ¢ ms"ect pest . « Year-2013 to 2023
management," "insect," and "pest ;
» Language-English

management."
Analysis by | Export search results as CSV file from
Scopus
VOS Viewer

* Research themes
* Publication's output
« Active countries and research
collaborations, institutions, Journals,
Authors

Figure 1. Methodological flow used in this study.

2.4. Conduct a Comprehensive Analysis of the Bibliographic Data and Data Interpretation

Bibliographic data comprising the names of authors, publication years, titles of journals, and
counts of citations. Various bibliometric variables like the quantity of publications, total citations, and
mean citation were employed [28]. Further, we utilized diverse bibliometric markers, like co-citation
analysis; Vos viewer, a network analysis tool, to visually represent the connections between the
publications and authors, which facilitated a more extensive comprehension of the trends and
patterns inherent in the domain of “EPF in insect pest management”. The identification of prominent
authors, publications, and study domains was accomplished by a comprehensive analysis of
bibliographic data, which was further enhanced by displaying the interrelationships among these
entities. The aforementioned information possesses the capacity to provide guidance for future
research endeavors, facilitate the identification of prospective collaborative opportunities, and
contribute to informed decision-making within the respective field of study [29].

Upon analyzing the bibliometric data, the obtained findings were further assessed with our
research question and aims. In our study, we have successfully identified significant patterns, notable
scholars, and collaborative efforts within the realm of “entomopathogenic fungi in insect pest
management”. The provided information facilitated a comprehensive comprehension of the present
condition of the field and enabled the identification of potential avenues for future research. The
bibliometric analysis conducted in this study was employed to identify deficiencies in the current
body of literature and prospective directions for future research [30]. As an illustration, it has been
observed that specific aspects pertaining to the EPF in pest management have received limited
attention in research endeavors, whereas certain collaborative research initiatives have yielded
notable outcomes. These insights can inform and direct future research endeavors, enabling the
prioritization of study subjects that hold the most promise for advancing the discipline. The results
obtained from our bibliometric study played a crucial role in providing valuable insights for our
research and identifying potential avenues for future investigation. Through the utilization of
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bibliometric analysis, we have acquired a more extensive comprehension of the “entomopathogenic
fungi in insect pest management” and have identified potential avenues for furthering our
understanding in this particular domain [31].

3. Results and Discussion

The bibliometric analysis serves as a valuable tool for evaluating the caliber and the impact of
research endeavours while also unveiling the discernible trends and recurring patterns within the
realm of scientific publications. A pivotal facet of this assessment involves the scrutiny of annual
citation counts, which offer a tangible reflection of the recognition and influence garnered by
scientific works [32]. These citation statistics, when analysed over time, provide a dynamic portrayal
of the ever-evolving landscape of research trends. Significantly, bibliometric analysis frequently
employs the number of publications as a pivotal metric, especially when gauging the performance of
individual scholars or research collectives [33]. The number of publications stands as a meaningful
gauge of research productivity, and it is widely employed to facilitate comparisons among academics
or research entities, facilitating a comprehensive understanding of their respective contributions
across diverse scientific domains.

3.1. Trends in Publications

In the present research, Figure 2 provides an insightful representation of publication trends
spanning a considerable period from 2014 to 2023. This graphical depiction vividly illustrates a
sustained and noteworthy rise in the number of publications reaching its zenith in the year 2022. This
upward trajectory in publication output serves as a strong indicator of the field’s heightened
productivity and scholarly activity over the years. It is important to note, however, that while the
sheer volume of publications has increased substantially, it should not be taken as a sole measure of
the research’s overall impact and significance. There were many research and review articles
accounting for 59% of the total publications on this topic. This was followed by book chapters (34%)
and other documents, including edited books (5%), preprints (1%), monographs (1%), and conference
proceedings (0%) (Figure 3). Figure 4 visually encapsulates the aggregate counts of publications
within each distinct category, offering valuable and illuminating insight into the dispersion of
research contributions throughout the broader scientific landscape. The graph conspicuously
demonstrates that the field of biological sciences boasts the highest count in publications, with
Agricultural, Veterinary, and Food Sciences following closely behind. However, it is imperative to
recognise that relying solely on the quantity of publications may not offer a complete representation
of research excellence or its impact [34]. To attain a more holistic evaluation, other crucial bibliometric
parameters, including citation counts, collaborative authorship patterns, and journal impact factors,
must be considered. These additional metrics are instrumental in providing a nuanced assessment of
research influence and productivity, effectively spotlighting those research domains that are making
substantive contributions within their respective spheres [35]. Moreover, it is worth noting that the
significance of publication quantity will vary significantly depending on the specific subject of
inquiry. Consequently, while the number of publications remains a pivotal element of bibliometric
analysis, its interpretation should be complemented by the analysis of other pertinent indicators,
thereby affording a more comprehensive and accurate appraisal of research achievements.
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Figure 2. The presented figure illustrates a wide range of papers pertaining to “the entomopathogenic fungi in
the management of insect pests” throughout the course of the past ten years.
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Figure 3. The range of articles published on the topic of “entomopathogenic fungi in insect pest management”

over the past decade is shown in the figure.
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Figure 4. The provided figure illustrates the cumulative quantity of scholarly articles on “entomopathogenic

fungi in insect pest management” in different fields of research.

Furthermore, the result of the publication on the topic EPF in pest management has been
categorized based on the journal in which they were published. The categorization was done
according to the top 10 journal lists (Figure 5). Among them, the UGC Journal List Group II had the
highest number of publications related to the field of research. It appears to be the popular choice
among researchers for disseminating the work for this research. Researchers might prefer these
journals due to their wider readership and credibility within the field. Excellence Research in
Australia (ERA) 2023 also exhibits a substantial number of publications in relation to EPF in pest
management. ERA is known for its rigorous evaluation of journals, making it a reputable platform
for research dissemination. In contrast, the Norwegian register level 2 had the least number of
publications on this topic. This suggests that this specific register may not be prominent or widely
utilized for publishing research on this topic. Figure 6 provides a clear visual representation of
cumulative publication counts for the top 11 journals in the field of insect pest management,
particularly focusing on their contributions to the topic of “EPF”. This figure offers valuable insight
into how research contributions are distributed among these journals. Notably, the graph highlights
that the HortScience journal has the highest number of publications, with Biological Control coming
in a close second.
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Figure 5. This figure interprets total publications on “entomopathogenic fungi in insect pest management” in

diverse lists of journals across the world.
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Figure 6. This figure interprets total publications on “entomopathogenic fungi in insect pest management” in

diverse source titles across the world.

Additionally, research endeavours were undertaken with the specific aim of scrutinizing
publications concerning United Nations-approved sustainable development goals (SDGs). this
comprehensive bibliometric analysis encompassed the systemic identification, examination, and
assessment of research content directly pertinent to the 17 SDGs ratified by the United Nations in
2015, all with the overarching objective of gauging progress toward the attainment of these globally
significant goals, as elucidated by Sweileh [36] and Vaverkova et al. [37]. To illuminate the landscape
of research contributions dispersed across various SDG themes, Figure 7 has been meticulously
crafted to present the results, categorizing the publications according to their thematic alignment
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with the SDGs. The outcomes of this analysis are instrumental in offering invaluable insights into the
domains of research that have displayed heightened activity and commitment to addressing the
SDGs. The graph displaying the publication themes related to EPF which is linked to SDG 3: Good
Health and Wellbeing, followed by SDG 2: Zero Hunger serves as a striking testament to the pivotal
role of scholarly publications in shaping policy directives, steering funding priorities, and steering
research endeavours all geared towards the realization of the SDGs. This graphical representation
underscores the invaluable contribution of publications as an informational bedrock upon which
critical decisions, funding allocations, and research strategies are anchored, with a singular focus on
advancing the SDGs. The scrutiny of SDG-related publication output, through the lens of bibliometric
analysis, furnishes policymakers and funding entities with a compass to identify the precise domains
where concentrated research efforts should be channelled to expedite progress in pursuit of these
overarching global objectives [36].

Norwegian register level 2 [l
Non-APC journals
VABB-SHW

PubMed

DOAJ

ERA 2015

Journal lists

ERA 2018

Norwegian register level 1

ERA 2023

UGC Journal List Group IT

=)

2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000
Number of publications

Figure 7. This figure depicts the total number of publications on “entomopathogenic fungi in insect pest

management” targeting different sustainable development goals.

3.2. Significant Contribution of Authors

The bibliometric analysis depicted in Figure 8 stands as a valuable instrument for gaining insight
into the productivity and influence of researchers within a specific field of study. At the forefront of
this list is Heinz Mehlhorn from Heinrich Heine University Diisseldorf, Germany, with 349
publications to his name (Figure 8). Although he leads in terms of publication count, the mean citation
rate for his work stands at 0.47, suggesting a relatively lower average impact per publication. In
contrast, Ann E Hajek from Cornell University in the United States, despite having fewer publications
(122), demonstrates a substantial mean citation rate of 24.78, reflecting the high influence of her
research. The figure also highlights researchers such as Nguya Kalemba Maniania and Sunday Ekesi,
both associated with the International Centre of Insect Physiology and Ecology, Kenya, who have
contributed significantly to the field with 87 and 109 publications respectively. Their research exhibits
high mean citation rates of 37.49 and 25.61, underlining the substantial impact of their work. This
analytical approach facilitates the identification of authors who wield significant influence and
contribute substantially to the academic discourses. Policymakers, funding agencies, and academic
institutions can leverage this information to strategically allocate resources toward research
initiatives with great potential for substantial impact and advancement. Furthermore, the
identification of prolific and influential authors can foster collaboration among researchers and
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institutions. The collaborative spirit not only bolsters knowledge sharing but also accelerates the
progress of future research within the field.

Journal of Applied Entomology [l

Crop Protection

BioControl

Egyptian Journal of Biological Pest Control
Journal of Economic Entomology

Pest Management Science

Sourece titles

Insects
Biocontrol Science and Technology

Journal of Invertebrate Pathology

Biological Control

HortScience |IE——

=)

1,000 2,000 3,000 4,000
Number of publications

Figure 8. This figure depicts publications on “entomopathogenic fungi in insect pest management” by different
researchers across the world.

3.3. Citation Analysis of Countries

The examination of the country’s collaboration network yielded a total of 7 distinct clusters. In
our pursuit of ensuring the robustness and reliability of our analysis, we narrowed our focus to 59
countries that had each contributed a minimum of 5 documents to the body of research, roughly
constituting around 50% of total publications. Through this meticulous analysis, we uncovered the
emergence of five distinct clusters, each distinguished by a unique colour code -red, purple, blue,
green, and yellow. This cluster visually represents the intricate web of scientific relationships that
exist among the collaborative countries. Utilizing network analysis techniques has offered us a deeper
understanding of the intricate dynamics governing scientific collaborations across the nation [38].
The identification of these clusters goes a long way in shedding light on patterns of collaboration and
the underlying factors that either facilitate or hinder scientific cooperation between the countries [39].
In essence, this form of analysis furnishes us with invaluable insights into the structural organization
of the global scientific community. These insights can subsequently inform the development of
policies and strategies aimed at fostering and enhancing international scientific collaboration and, by
extension, innovation on a global scale. Our analysis revealed that the United States, Brazil, China,
India, and Kenya had higher citations, indicating that these countries had a significant impact on the
field (Figure 9).
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Figure 9. The above visual representation illustrates a citation analysis conducted on countries that have

published works on “entomopathogenic fungi in insect pest management”.

3.4. Citation Analysis of Documents

Citation analysis of documents is a crucial method in bibliometrics and scientometrics for
evaluating the scholarly impact, significance, and influence of research publications [40-42]. In the
analysis, we kept the threshold as 10 citations, and it was found that out of 2500 authors, only 1154
met the threshold, of which 1000 documents were selected, and there was a total of 26 clusters found
in the analysis. To create this network, a threshold of 10 citations was set (Figure 10). This means that
only the documents with at least 10 citations were considered in this analysis. This threshold is often
used to focus on more significant and influential publications, filtering out less-cited or potentially
less impactful work. The dataset initially contained a total of 2500 authors. However, after applying
the 10 citations as a threshold, only 1154 authors meet the criteria. This indicates that roughly 46% of
the authors in the dataset had publications meeting the minimum citation threshold. Out of 1154
authors meeting the citation threshold, a selection of 1000 documents is made for the analysis. This
suggests that some authors may have multiple documents meeting the threshold, and a subset of
these documents was chosen for further investigation. The network analysis revealed the presence of
26 clusters within the dataset. Clusters are groups of authors who are closely connected in terms of
their citation patterns.
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Figure 10. This figure citation analysis of documents on “entomopathogenic fungi in insect pest management”.
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3.5. Citation Analysis of Sources

VOSviewer was employed to analyze the most frequently cited sources, which allowed us to
gain valuable insights into influential journals in the field. In the analysis, we kept the threshold as
10 citations and 5 documents per author. It was found that out of 315 authors, only 90 met the
threshold. There was a total of 8 clusters found in the analysis. The analysis revealed the formation
of eight distinct clusters, each of which can be linked to specific overarching themes that underpin
the published research. Notably, when examining research on EPF in pest management, it becomes
evident that this particular theme exhibits a high degree of diversity and dispersion across various
journals. Within this context, several journals have demonstrated exceptional productivity and have
served as central hubs within their respective clusters. Among the notable journals are “Pest
Management Science”, “Insects”, “Annual Review of Entomology”, “Insect Science”, “Journal of
Economic Entomology”, “Fungal Biology”, and Experimental and Applied Ecology” (Figure 11). It
should be noted that these publications have continuously emerged as focal points within their
respective theme clusters. Furthermore, it is worth noting that the articles found in this analysis are
solely concerned with the application of EPF in pest management. This study implies that field
researchers have a strong propensity for publishing their work in specialised journals that are closely
related to the issue of EPF in pest management. “Insects”, “Pest Management Science”, “Insect
Science”, “Journal of Economic Entomology”, and “Fungal Biology” are among the frequently cited
journals.
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Figure 11. This figure citation analysis of sources on publication of “entomopathogenic fungi in insect pest

management”.

3.6. The Forthcoming Perceptions and Repercussions

The present bibliometric analysis of the utilization of entomopathogenic fungi in the
management of insect pests holds promise for providing valuable insights and benefits to scholars
and researchers involved in the field of sustainable agriculture across several disciplines. The current
investigation has revealed the dominant trends within the field of entomopathogenic fungi and their
potential impact on pest management tactics. Researchers can identify the specific aspects of this
technology that are generating the most interest. These characteristics may encompass newly
discovered species of fungi, methods of implementation, or ecological consequences. Furthermore,
the level of interest and involvement within a certain topic can be evaluated by analyzing the volume
of publications, journals, and authors associated with that domain. This information has the potential
to enhance understanding of the wider study context and aid in the identification of potential
partners. Furthermore, this platform possesses the capability to accentuate the collaborative

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0408.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2025 d0i:10.20944/preprints202507.0408.v1

13 of 16

endeavors of various research collectives, academic institutions, and nations. Researchers have the
opportunity to leverage these valuable insights to establish new partnerships, acquire resources, and
foster international cooperation to advance sustainable farming practices. Furthermore, researchers
possess the capacity to determine the most productive and significant authors and organizations
within the pertinent field. The acquisition of this knowledge can prove to be a great asset for
researchers as they negotiate the intricate process of seeking expert help, mentorship, and funding
opportunities for their research pursuits. It is of great importance for scientists to assess the impact
of their research as well as that of their colleagues by examining citation patterns and the h-index of
specific articles. Acquiring a thorough comprehension of the scope and consequences of research
enables scientists to make informed decisions concerning their research goals and strategies.
Consequently, this facilitates their exploration of hitherto unexplored or inadequately investigated
areas within the field of pest control, specifically about EPFs.

Moreover, the application of bibliometric analysis facilitates the identification of particular
themes within the realm of entomopathogenic fungi and pest management that have not undergone
considerable research or continue to exhibit knowledge gaps. This insightful perspective can function
as a beneficial tool for researchers, assisting them in the selection of study participants who address
important unresolved questions. In summary, policymakers and funding agencies possess the
potential to employ bibliometric analysis as a method for making informed decisions about the
distribution of resources to facilitate research efforts in this particular domain. Furthermore, scholars
can utilize bibliometric data as a means of efficiently determining the most appropriate channels for
sharing their research outcomes, whether it be through specific scholarly publications, conferences,
or online platforms. In conclusion, this analysis has provided an overview of the evolutionary path
of the entomopathogenic fungus industry within the realm of pest control. The use of a historical
framework can offer researchers significant insights into understanding the evolution of research and
predicting future improvements. This comprehension can offer significant benefits when developing
legislation, policies, and incentives that support the advancement of ecologically sustainable
approaches to pest management.

Hence, the utilization of bibliometric analysis in the examination of entomopathogenic fungi for
pest management offers researchers and scientists a comprehensive understanding of the current
status of the field, potential areas for further development, and opportunities for joint initiatives. In
the pursuit of promoting sustainable agriculture practices, the integration of evidence-based insights
and the facilitation of knowledge dissemination and policy advocacy can play a pivotal role in driving
progress.

5. Conclusions

Researchers worldwide have dedicated their efforts to the study of sustainable and microbial
pest management alternatives. However, it is crucial to get a comprehensive understanding of the
existing literature on this subject area. The present evaluation of entomopathogenic fungi plays a
pivotal role in establishing a solid basis for further scholarly inquiries. This review effectively
consolidates the existing body of information, identifies areas that require additional inquiry, offers
methodological recommendations, and provides valuable insights that can influence the trajectory of
future research endeavours. The factor assumes a crucial function in propelling the discipline
forward and cultivating novel ideas and advancements. The present review asserts that the
utilization of entomopathogenic fungi represents a promising and environmentally sustainable
approach to pest management within agricultural contexts. The adoption of bibliometrics along with
numerous SDGs was observed to foster responsible and sustainable methodologies within
agriculture that help mitigate environmental degradation and contribute to the enhancement of
human welfare and economic advancement. Furthermore, it is vital to achieve research and
development objectives to completely unfold their potential for efficient implementation. The results
of the current bibliometric study demonstrate a compelling need for the advancement of pest
management approaches that possess both environmental sustainability and economic viability.
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Therefore, the integration of EPFs into pest management strategies can serve as a viable solution to
address the ongoing need for food and nutritional security.
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