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ARTICLE INFO ABSTRACT
Keywords: Watermelon is an important horticultural plant. A bibliometric analysis of the watermelon
Watermelon literature was carried out in order to analyze the research state, hotspots, and trends, as well as to

Bibliometric analysis
Visualized analysis
Bibliometrix

highlight the overall watermelon research development from a holistic viewpoint. The summary
of watermelon research is given via metrological analysis based on a set of indices using a newly
built Bibliometrix R-package tool. This study gathered 6,632 documents indexed in the Core
Collection of Web of Science (WoS) in the domain of watermelon from 1992 to 2022 using
bibliometrix. The results indicated that the number of published articles showed an apparently
upward trend. The United States was in the first place, with Plant Disease being the most pro-
ductive journal. Levi A from the United States Department of Agriculture-Agricultural Research
Service is the most prolific author, and Levi A is the most cited; The most frequently used key-
words by authors are "growth", "resistance", "identification", "yield", "quality" "plants", "water-
melon stomach" and "expression"; The most talked-about issues in this subject are resistance,
yield, and quality, which highlight the crucial research areas. To effectively comprehend the
turning moments for future research, it is useful to monitor the hotspots and frontiers of water-
melon studies. The results highlight the future paths for study in the field of watermelon and
provide useful information for researchers interested in the topic.
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1. Introduction

Watermelon (Citrullus lanatus) is one of the world’s most well-known tropical fruits that is widely grown around the world and
accounts for 7% of the worldwide vegetable production, second only after tomato [1,2]. Due to the high-water content, watermelons
are named because they provided plenty of water to the early African settlers in desert areas that were suffering from severe drought
[3]. There are currently more than 1,200 different watermelon cultivars available, with a variety of sizes, colors, and seeds [3].
Watermelon breeding aims to produce hybrid varieties that can meet the consumer demand [4]. A variety of watermelon grafting
methods have been documented and utilized to increase yields and resilience to biotic and abiotic stressors [5]. In addition, the
fusarium wilt has occurred in a large area with the increase of watermelon planting area [6]. However, the comprehensive literature
review of watermelon is relatively scarce. So, there is a need for the compendium of watermelon related scientific researches to reveal
the whole research progress to guide the future research.

Bibliometric analysis is a statistical method that is frequently used in scientific research to examine the distribution and charac-
teristics of published papers in sizable databases. It also offers ways to investigate potential connections between publications and can
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identify new research trends [7-9]. Traditional narrative reviews and bibliometric analysis are different, the latter is more objective
and quantitative while the former is more subjective [10]. In an era of information overload and a huge growth number of publications
[8,11], for deriving systematic findings, bibliometric analysis is becoming increasingly crucial [12]. For example, a comprehensive
graphic description and representation of the bibliometric analysis for wastewater treatment and emerging contaminant from 1998 to
2021 have yet to be done [13], to determine the distribution of scientists and nations throughout the world as well as to evaluate the
state, hotspots, and trend of the research of the area. The purpose of this study was to present a bibliometric analysis of studies that
have been done on watermelon and their historical history. This was accomplished by searching the Web of Science (WOS) database
between 1992 and 2022 for studies that were related to watermelon.

An in-depth analysis of the research information on watermelon were performed to reveal the specific information that was focused
on this field and the current state of scientific research.

2. Materials and methods
2.1. Data collection

The literature data were gathered from Web of Science’s Core Collection, which includes the databases SCI-EXPANDED, SSCI,
AHCI, CPCI-S, CPCI-SSH, ESCI, CCR-EXPANDED, and IC, among the most often used databases in bibliometric analysis. The reference
information of titles, authors, institutions of the papers’ countries and keywords, publication years were employed for bibliometric
analysis. The “topic” tag was selected in “Search” menu to hunt for the literature relevant to the research of watermelon. The pub-
lication date was set to “Timespan: 1992-2022”. The titles, authors, keywords, and abstracts of literature obtained from the search
results were checked to determine their relevance to watermelon. A total of 6,632 pieces of publications were selected and exported as
a text-based format for further analysis.

2.2. Data analysis and visualization maps

Bibliometrics is often employed to evaluate systematically the current study characteristics and trends in a specific scientific field
[14]. To carry out the required analysis, R (4.2.1 version) was used to import all valid data that had been obtained from the Core
Collection of the Web of Science. Data extraction and visualization were carried out using the bibliometrix R package [15]. This package
holds robust and extensive bibliometric analysis capabilities [16,17] which included author, institution, country and region analysis,
journal cluster analysis, and temporal evolution. These results give a viewer with complete and extensive information on watermelon
studies, as well as a deep and comprehensive grasp of the structure of watermelon scientific studies.

3. Results
3.1. Publication and citation trends

The publications on watermelon from 1992 to 2022 were used in this bibliometric analysis, all of them were research articles and in
English. The country, key journals and institutions are analyzed to identify the key contributors and the most influential articles in this
field. The quantity of yearly publications, to some extent, can represent the shifting of areas. Table 1 provided the descriptive statistics.
In summary, 6,632 research articles were analyzed, which were written by 17,524 scholars, and 395 of those publications are single-
authored, accounting for 5.9% of all documents, suggesting that certain works are completed independently. Fig. 1 displayed the
quantity of publications per year of watermelon-related research, which showed that the quantity of research output increased steadily

Table 1
Descriptive statistics.

Description Results

Main information about data

Timespan 1992-2022
Sources (Journals, Books, etc.) 1778
Documents 6632
Document Average Age 10.6
Average citations per document 17.14
Document contents

Keywords Plus (ID) 9562
Author’s Keywords (DE) 11766
Authors

Authors 17524
Authors of single-authored documents 305
Authors collaboration

Single-authored documents 395
Co-authors per document 4.77
International co-authorships % 16.72
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over that time.

Two primary units that indicate publication quantity and quality, respectively, are the number of publications and citations. To
display the typical numbers for one article referenced by other papers in the local database, the average number of citations per output
was employed. The average number of citations per publication over the past three decades has coincidently increased with the
number of publications (Fig. 1). Between 1992 and 2014, the average number of citations per article rose in a wave-like fashion, but
after 2015, it rose sharply. One reason for this pattern is that newer publications eventually replace older ones while current articles
take longer to reach a high citation phase.

3.2. Contribution of countries

There are 103 nationsfor 6632 papers selected for analysis in this study. The network statistics were utilized to map the global
distribution of these nations further. Fig. 2 depicted the scientific output of countries throughout the world. Colors were assigned to
countries depending on the number of scientific publications published in the WOS database. Production is described by a color scale
ranging from dark blue, which represented the most productive nations, to grey, which represented countries where no scientific
production on the examined issue has been reported. For example, >41 denoted nations that published 41 or more papers over the time
period indicated in the dataset. The United States and China have contributed the most, with 164 cooperative research projects,
followed by the United States and Israel, the United States and Korea, with 52 and 38 publications, respectively. In other words, China
and the United States have the highest level of academic and scientific collaboration in scientific literature (Fig. 2). Table 2 illustrated
specific information on the top ten nations by categorizing statistical data as single-authored publications (SCP) or multi-authored
publications (MCP). The United States ranks the top among these nations, with 1,778 (26.81%) articles, 1,161 of which are single-
authored and 167 of which are multi-authored works. China is ranked the second with 1,249 (18.83%) publications, of which
1,025 are single-authored and 224 are multi-authored studies. Brazil, India, and Turkey are placed the third, fourth, and fifth,
respectively, with 304 (4.58%), 292 (4.40%), and 280 (4.22%) research publications. The fact that the top ten nations produced more
SCP than MCP is intriguing, indicating that the level of research collaboration in these countries is lower.

3.3. Most influential research journals

Watermelon research studies have been published in 1,778 publications, spanning 199 topic areas according to WoS categorization
codes. Source impact and Bradford law were employed to examine the influence of the most important research journals. Table 3 listed
the top 10 research journals based on the total publications, publication beginning year, total citations, and h-index. In comparison,
Table 4 displayed the top 10 research journals based on classification from Bradford law, which classified academic journals into three
groups with zone 1 encompassing core research journals to publish material relevant to growth and development, plant disease. This is
also known as a nuclear zone since it contributes the most researches. Of 1,778 research journals, 33 are in zone 1, 247 are in zone 2,
and 1,498 are in zone 3 (Supplemental Table 1). The tree map of the top 10 subject categories (Fig. 3) showed that Plant Sciences
(1742, 28%) was the most popular topic, followed by Horticulture (1,479, 24%), Agronomy (884, 14%), Food Science & Technology
(644, 10%), and Agriculture Multidisciplinary (348, 6%).

3.4. Most popular keywords

Authors employ keywords to provide a clear, representative, and short description of the study content, therefore keyword analysis
may be used to find popular topics and themes in a research area [18,19]. To efficiently identify active research hotspots in scientific
disciplines and sectors [20], the word cloud of author keywords (Fig. 4A) is naturally displayed to identify the most common study
subjects [21]. This word cloud depicted the top 50 author keywords from all papers collected. The greater the keyword collection, the

600 -~ Number of publications -4

- Average publication citation per year
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Fig. 1. The number of publications and average publications citation per year of the research on watermelon from 1992 to 2022 in the Web of
Science Core Collection.
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Fig. 2. Countries with the research collaboration.

Table 2

List of nations (countries with the most corresponding authors).
Country Articles SCP MCP Freq MCP-Ratio
USA 1778 1611 167 0.268 0.094
China 1249 1025 224 0.188 0.179
Brazil 304 272 32 0.046 0.105
India 292 267 25 0.044 0.086
Turkey 280 251 29 0.042 0.104
Spain 271 227 44 0.041 0.162
Korea 240 190 50 0.036 0.208
Japan 213 198 15 0.032 0.07
Iran 125 92 33 0.019 0.264
Italy 116 72 44 0.017 0.379

Table 3

The top 10 journals by source impact.
Source titles h-index g-index TC NP PY-start
Plant Disease 34 47 4016 250 1992
Phytopathology 33 61 3914 232 1992
Hortscience 28 48 3593 553 1993
Scientia Horticulture 28 55 3397 113 1997
Food Chemistry 23 35 2710 35 1998
Journal of Agricultural and Food Chemistry 22 42 1986 42 1996
PLoS One 22 40 1745 55 2009
Archives of Virology 19 30 1047 55 1992
Frontiers in Plant Science 19 35 1322 63 2015
Crop Protection 17 24 675 43 1992

Note: The total number of citations (TC), the number of publications (NP), and the year of first publication (PY-start).

Table 4

Rankings of journals (Bradford law).
Sources Rank Freq cumFreq Zone
Hortscience 1 553 553 Zone 1
Plant Disease 2 250 803 Zone 1
Phytopathology 3 232 1035 Zone 1
Scientia Horticulture 4 113 1148 Zone 1
Frontiers in Plant Science 5 63 1211 Zone 1
Archives of Virology 6 56 1267 Zone 1
PLoS One 7 55 1322 Zone 1
Horttechnology 8 51 1373 Zone 1
European Journal of Plant Pathology 9 50 1423 Zone 1
Crop Protection 10 43 1466 Zone 1
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Fig. 3. Tree map of the top 10 subject categories.

more frequently it appeared in a dataset [22]. The keyword "growth" (total frequency of 350) was the most popular (except for the
phrase "watermelon"), indicating that growth is one of the most attention-attracting topics of watermelon study. Furthermore, the
terms resistance (344), identification (308), yield (301), quality (237), plants (226), watermelon stomach (194), and expression (179)
have all contributed significantly to the literature. The identical set of most popular keywords from Fig. 4A are shown in Fig. 4B
together with their percentage domination over the entire number of keywords related to watermelon. Watermelon is the fruit with the
most representation (7%) followed by others, such as yield (4%), identification (4%), growth (5%), and resistance (5%).

3.5. Authors analysis and thematic evolution

Fig. 5 is visually depicted how the output of renowned authors have changed through the periods. The circle’s diameter represented
the number of publications, and its blackness represented the total number of citations per year (TC/Y) [23]. In the last 30 years, the
top 10 authors produced 699 publications in the field of watermelon research; the majority of these articles were produced from 2008
to 2020 (Supplementary Table 2). With 134 publications, Levi A from the Agricultural Research Service of the United States
Department of Agriculture is rated #1. TC/Y stands for total citations per year since publication. For instance, if the total cost of Levi
A’s output in 2008 was 462, the appropriate TC/Y would be 299/(2024-2019) = 28. 875. It’s important to note that Levi A’s works
from 2008 likewise have the greatest TC/Y (59.8), followed by Xu Y’s (6 papers) and Zhang HY’s (5 papers) creations from 2017 with
the second and third highest TC/Y, respectively (50.429 and 49.714). It suggests that, to some extent, Levi A (2019), Xu'Y (2017), and
Zhang HY (2017) have greater effect than other experts. The researchers with successive publications in recent years are among the top
10 authors published, as indicated in Fig. 5. This illustrates their significant contributions to the watermelon study from a different
angle. Additionally, it is clear from Table 5 that Levi A is the most well-known researcher in this field because he has the greatest
h-index, TC, and NP values.

The keywords, journals, and countries were further examined, a novel three-fields (Fig. 6) plotted the relationships between
keywords (left), journals (middle), and nations (right) in the watermelon research [24]. Papers on Citrullus lanatus were largely
published in Hortscience, with the bulk of them written by scholars from the United States. Similarly, the bulk of watermelon research,
primarily written by Chinese scientists, were published in the journal of Scientia Horticulture. The vast majority of publications on
watermelon were published in Hortscience, Phytopathology, Plant Disease, and Scientia Horticulture. The chart showed that Citrullus
lanatus, Cucurbitaceae, grafting, and watermelon were the key study areas, with the majority of contributions coming from the United
States, China, and Spain.

3.6. Co-occurrence network of keyworks

The co-occurrence network of the top 50 high frequency terms of watermelon literature was displayed in Fig. 7 using the R
software, which is called Bibliometrix. As can be observed, the co-occurrence network’s Cluster 1 (Blue Cluster) and Cluster 2 (Green
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Fig. 4. Word cloud and tree map representations of the top 50 author keywords. (A) fifty author keyword clouds; (B) 50 author keywords mapped
out as a tree. Labels are often single words, and the font size and color of each label indicate how frequently it is used.

Cluster) significantly overlaped, demonstrating their tight relationship in terms of study themes. The co-occurrence network’s lines
that connect two circles show the connections between two keyworks. Generally speaking, the closer the link between two keyworks is,
the thicker the line is, and the stronger their association [25]. Six phrases were identified as the main topics of the watermelon research
hotspots by the significant keyword occurrence network: "watermelon", "identification", "resistance", "growth", "yield" and "water-
melon stomach." (Fig. 7). In cluster 1, "watermelon" was the most often used keyword. Watermelon resistance was the main topic of
cluster 1, along with the identification of specific genes or types. In cluster 2, "growth" was the most often used keyword. This cluster,
which was related to "quality", "yield", "stress", and "responses", particularly discussed the growth and development of watermelon.

3.7. Co-occurrence network of authors

The most pertinent author cooperation network should be considered firstly with regard to the analysis at the level of the authors.
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Fig. 5. The output of the top ten authors throughout time.

Table 5

Top 10 influential authors in the watermelon research Feld.
Author h-index g-index TC NP PY-start
LEVIA 30 54 3313 134 2000
PERKINS-VEAZIE P 19 45 2066 82 2001
KOUSIK CS 13 20 485 80 2006
XUy 28 50 2543 74 1999
WEHNER TC 20 32 1206 68 1998
KEINATH AP 19 31 1027 57 1995
SCHULTHEIS JR 9 17 333 55 1994
HASSELL RL 11 19 379 28 2006
ZHANG HY 21 45 2031 50 1999
YEH SD 21 32 1083 49 1992

The author cooperation network (Fig. 8) as a consequence had 13 clusters. Each color in this network denoted a specific cluster or
group of authors that are working together. The cooperation network reveals that there are closed groups, which are visible in the
graph. In actuality, this number of nodes was selected since a higher number would result in a considerably higher number of indi-
vidual authors, making the network impossible to understand. The identical hue denoted the identical cluster. Links among authors
indicated that there were frequent research partnerships on watermelon, particularly amongst authors in the same cluster. The biggest
clusters, as shown in Fig. 8, are the green and yellow clusters. Levi A and Xu Y are the most well-known researchers in this field,
according to authors from the green and yellow cluster, to which the most productive author belongs, who mostly examined germ-
plasm resources and fruit ripening of watermelon [26-28].

4. Discussion

Focused bibliometric studies are essential for presenting the trend analysis of research in a certain topic or research area and for
giving key bibliometric indexes like the most prolific authors, journals, and nations over time [29]. In the current study,
watermelon-related articles were examined using bibliometric techniques through R 4.2.1, laying the groundwork for further inves-
tigation in this area.

As was already indicated, researches on watermelons have advanced swiftly and formed a bountiful crop during the previous three
decades. It has evolved into a vibrant area of research in recent years, a natural byproduct of agricultural prosperity in many nations.
Since 1992, there has been an almost linear growth in the number of publications and the average number of citations per article.
While various bibliometric evaluations of well-established scientific domains have noted this trend [30-32]. However, it should be
mentioned that the results of this study indicated a low degree of collaboration among authors in the area, as previously reported; So, it
is strongly recommended that various geographies with diverse cultures enhance cooperation [33]. Author collaboration should be
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prioritized since it adds to scholarly advancement [34]. Highly collaborative conduct is increased in recent years and has become a
typical practice in most scientific areas [35]. It is worth mentioning that the United States was not only the most productive country,
but also the country with the most citations, demonstrating that the United States is the dominant country in this subject. China came
in second in terms of article count, followed by Brazil, India, and Turkey. In other words, the United States and China have contributed
more to publications than any other country.

The keywords were examined in order to better grasp the research topic. The word cloud results showed that the terms "resistance",
"identification", "yield", and "quality" are relevant. It has been observed that low temperatures stimulate SA production, which may
work in conjunction with redox signaling to control watermelon resistance [36,37]. Additionally, new biotechnology techniques have
been widely applied in watermelon plant breeding and disease resistance because to the rapid advancement of molecular biology [38].
"Identification" is a term that has been reported frequently, taking Zhang’s findings on the genome-wide discovery of SAUR genes in the
watermelon genome as an example [39]. Additionally, certain watermelon microRNAs and their target genes have been discovered
[40]. Another significant study area is the production and quality of watermelons. Research by Mohamed Dhamir examined the effects
of rootstock on watermelon seed output and quality [41]. Overall, the frequency with these keywords have been used to demonstrate
their significance and further support the accuracy of the results analysis. The top four prolific authors were determined to be Levi A,
Perkins-Veazie P, Kousik CS, and Xu Y. The most prolific author in this field was Levi A, whose research focused on watermelon genetic
resources and disease or pest resistance. For example, Levi A explored the watermelon response to southern root-knot nematode
(meloidogyne incognita) [42,43], fusarium wilt [44] and genetic resources diversity among watermelon accessions [45]. The
second-most productive author was Perkins-Veazie P, and their research hotspots were comparable. They both focused on watermelon
genetic resources and soilborne illness [46,47].

The analysis of the watermelon research area from a bibliometric perspective in this study will have management implications for
academics and researchers and may aid in researchers’ efforts to get a comprehensive grasp of this field in the face of the challenge of
more papers being published, might aid researchers in this endeavor [48]. The results demonstrate about the nations in this region, the
leading journals, significant authors, research trends, and hotspots in this region. The results also showed that researchers can swiftly
pinpoint the information they are looking for. For example, it may assist researchers in selecting a journal that is appropriate for them
when submitting their paper based on the journal analysis, and it can also assist authors in locating a prospective cooperator based on
the author’s analysis. Furthermore, researchers may immediately identify research hotspots that might direct their research. In
general, this work can serve as a resource for scholars.

This study has several limitations that should be considered. To begin, only journal articles from the WOS core collection database
are analyzed. Despite being one of the world’s largest databases, WOS does not contain all watermelon publications. Other biblio-
metric methods by using more datasets should be focused on except the WoS in the future. Extending the study to include conference
papers, theses, and dissertations might also be an attempt to enhance the analysis [23]. Besides, this study focused on demonstrating a
broad viewer of the field rather than an in-depth analysis of the details. Future research might employ alternative methodologies, such
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as social network and factor analysis, to explore ongoing tendencies of the research.

Although the great research progress about the watermelon have been achieved, there still some areas needed to be enhanced
according to the bibliometric analysis results of retrieved articles. In the future research, researchers should pay more attention to the
following directions:

(1) The international cooperation should be strengthened. The genetic resource is very important for the watermelon breeding.
Through the exchanges of the materials based on the cooperation, the key breakthrough may be acquired.

(2) Artificial intelligence should be attracted more attentions. Artificial intelligence methods have been widely applied to horti-
cultural cultivation and breeding because of their ability to solve nonlinear and complex data structures. It is promising to
develop some smart method to aid the research of watermelon.

(3) The evaluation of nutrition value and the development of nutrition reinforcement cultivars should be focused. The present
research topics are mainly about the yield and quality. People are eager to get more healthy and valuable cultivars, this area is
with great promise.

5. Conclusions
The yearly publications, marked journals, marked nations, popular keywords, and their temporal evolution in watermelon research

from 1992 to 2022 were examined using bibliometric analysis. The number of papers on watermelon research has expanded
dramatically during the last 30 years. Plant Disease was the most cited journal and placed #1 among all journals. The most often used
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keywords are "growth", "resistance", "identification", "yield", "quality", "plants", "watermelon stomach", and "expression". The research
showed that watermelon research was heavily promoted and developed in the United States and China, but there have only been a few
studies on the topic from African nations. Thus, emerging nations must further encourage their cooperation and contact with
developed nations. Additionally, because the bibliometric data are continually updated and modified, the results could alter over time.
Despite the narrow range of the search results, the results can serve as a useful illustration of the chronological patterns in watermelon
research. The findings give scholars useful information to pinpoint knowledge gaps, suggest areas for next research, and advance this
subject.
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