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Abstract

Citrus fruits is largely consumed all over the world as fresh fruit, and also as
medicine because it contains high levels of minerals and vitamin C. Citrus tree
plantations are grown in sub-tropical climate conditions. For this reason, it is extremely
important to know in which academic and research area SCI recognized scientific
papers are published. In addition, it is very important to know in which direction and
trend academic studies are evolving. Many bibliometric analysis methods are used to
determine the trends of the studies in this type of meta-analyses research. The
bibliometric analysis method is a very important graphic and mapping technique used
to determine scientific studies’ processes, development, and clustering. The
bibliometric analysis method is summarized by using the Web of Science database and
VOS-viewer graphical approaches. The research aims to determine the research
articles and research areas published in the journals scanned in SCI journals conducted
in the field of citrus in the last 22 years since 2000. In the last 22 years, 17325 SCI
papers were published in the “citrus” area through the WOS database. Considering the
years, it was seen that most publications were published in the year 2021 (1444). While
the majority of the publications were made by American scientists (4425), and the
People’s Republic of China (2823). Turkish scientists have published the highest
number of academic articles on citrus fruits in the 12th place in the world. So far,
Turkish scientists have produced 368 publications. The highest publications were done
by Deng X. (212 papers). The majority of publications nearly 96% (16764) are
published in English. When the research areas of the publications are examined, it
seems that most publications were published in agriculture. When the results of the
bibliometric analysis management on citrus fruits are examined, it is seen that the top
three countries in the number of publications are also in the top three in citrus
production. Turkey is in 7th place in citrus production in the world. However, out of the
total number of publications in the citrus area Turkish scientists produced only 2% of
the total publications. In this work, we found that it is important to know in which
institution, in which countries and in which area citrus studies are done. It is important
to use such research techniques to do general meta-analyses to get information about
any research indicators. According to the WOS database analysis, it seems that
scientifically developed countries produce more important scientific publications on
the citrus area than other developing countries.
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INTRODUCTION

Citrus is an important horticultural plant (Yesiloglu et al., 2015), and the most produced
fruit in the world (Cimen and Yesiloglu, 2016). Citrus is produced in the sub-tropical region
(Figure 1) manly in the Mediterranean climate conditions. Turkey is one of the leading
countries producing nearly 5 million t citrus fruits year! (FAOSTAT, 2022). Turkey produces
citrus fruits in an area of 157,833 ha. Turkey is at the top of the 3rd place among the countries
that produce the highest number of citrus fruits in the world. In terms of orange production
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(approximately 1.8 million t year-!) Turkey ranks 7th in the world and 2nd in Europe. It is also
the fruit with the most important economic value (Bilgin et al, 2022) and the highest
nutritional value (Bozkurt et al., 2023). Citrus fruits are mainly produced in the coastal regions
of many countries and the Mediterranean region (Bilgin et al., 2022), and are also one of the
most grown fruits in Turkey (Bozkurt et al., 2023). Citrus fruits contain natural antioxidants,
vitamins B, and C. It is an important anti-cancer fruit (Roy et al., 2022).

Figure 1. Citrus-producing regions in the world.

For this reason, it is extremely important to know in which academic research area
papers were published. Also it is important to know the research trends as well. Today, many
methods are applied in data analysis related to academic studies. One of the methods used is
the bibliometric analysis method. The bibliometric data analysis method has recently been
used to form an opinion on the subject. The bibliometric analysis methods are very useful to
reveal and define the characteristics of research areas and models in a more understandable
way and to determine their trends (Bezak et al., 2021). In clearer terms, for a specific field of
scientific knowledge, it is a very useful method that uses state-of-the-art network mapping
(Aksahin and Giilser, 2022). At the same time, the bibliometric analysis method is a
mathematical operation based on the calculation and comparison of data (Comakli, 2021).
With the use of the bibliometric analysis method, many studies have been carried out to
determine where and in which area the literature is concentrated.

To determine the trends of soil-related several studies were done (Pan et al., 2021;
Vieira et al,, 2021; Yap et al,, 2021). On soil and water resources (Aksahin and Ortas, 2022;
Goh and See, 2021; Huang et al,, 2021; Kulak et al., 2019; Li et al,, 2020; Liu et al., 2021; Zhang
et al,, 2020), about soil nutrient (Comakli, 2021; Oliveira Filho and Pereira, 2020; Pan et al.,
2021) and about soil erosion (Bezak et al., 2021; Huang et al., 2021), about vegetables
(Aksahin and Giilser, 2022) various bibliometric studies were conducted. Many studies were
conducted on citrus works between 2000 and 2022, but in our knowledge, no study was
conducted on the trends of publications in the area by using the bibliometric analysis method.

In this study, the bibliometric analysis of citrus-related last 22 years publications was
extracted from the WOS database. The acquisition of WOS data was analyzed with the VOS
viewer computer package program. The data scanned with this bibliometric analysis method
and the resulting produced maps will shed light on anyone who wants to examine in any issues
scientifically.

The research aims to determine in which journals, by whom, and in which institution
(or university) the articles were published in SCI-based index journals related to “citrus
keyword”.

MATERIAL AND METHODS

All the studies acquired in this study were taken from the Citation Index Expanded (SCI-
EXPANDED) databases of the web of Science Core Collection. The Web of Science (WOS) core
collection has a wide range of books, articles, and conferences from different disciplines
(Analytics, 2021). For the data retrieval, the method selected the keyword “Citrus”, the
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document type selected “Title”, the time range selected “2000-2022” and all data obtained
time “September 6, 2022”. From 2000 to 2022, 17325 publications were evaluated in the
“Citrus” survey. The research was created by the method steps in Figure 2, considering the
determined stages of the bibliometric analysis.

Identifying Keywords

W Selection of search results

Recording and Control of WOS files

ceea

Entering data into VOSviewer

Figure 2. Bibliometric analysis steps (Aksahin and Ortas, 2022).

Parameters such as the authors with the most publications, the organizations with the
most publications, and the countries with the most publications were obtained from the WOS
database and the data were analyzed bibliometrically with visual maps using the VOS viewer
1.6.17 software (VOSviewer, 2021).

RESULTS AND DISCUSSION

The number of studies on citrus and its change over the years

The studies related to citrus-related areas in between the year of 2000 to 2022, were
scanned by the WOS database for bibliometric analysis. Obtained data are given in Figure 3.
In addition, topics studied with citrus are given in Figure 4.
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Figure 3. The number of publications produced in the last 22 years.

Between the years 2000-2022, when the studies on citrus were investigated, it seems
that 17325 studies were published. It seems that most publications were made (1444) in the
year 2021. Almost 35% of the publications (6088 publications) were produced in the period
examined between 2018 and 2022. In the present survey work, it seems that the number of
publications has increased depending on the publication year (Figure 3).

When the subjects studied with citrus are examined, it is seen that most publications
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are about gene (766), plants (718), water (403), and stress (366). The least studied subjects
with citrus are the environment (38), greenhouse (40), and mycorrhiza (45) (Figure 4).

Topics Related to Citrus in 17325 Publications
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Figure 4. The most studied topics in relation to citrus fruits in years.

Countries with the most publications on citrus

While the bibliometric analysis map of the countries with the most publications on
citrus is given in Figure 5, the list of the top 12 countries with the most publications is given
in Table 1.

Table 1. List of top 10 countries with the most studies on citrus.

Number  Countries/regions Number of publications % of 17.325

1 USA 4425 25.541
2 Peoples Republic of China 2823 16.294
3 Brazil 1608 9.281
4 Spain 1513 8.733
5 Italy 1086 6.268
6 India 1080 6.234
7 Japan 1067 6.159
8 South Korea 603 3.481
9 Pakistan 492 2.840
10 France 474 2.736
" Iran 444 2.563
12 Turkey 368 2.124

When the trend of publications about citrus is examined, the USA ranks first with 4425
publications and 25541 citations in the list of countries with the most publications, while the
People’s Republic of China ranks second with 2823 publications and 16294 citations.
Although Turkey is at the forefront in citrus production and exports, it was only included in
the 12th place in the ranking and received only 368 publications and 2124 citations (Table 1).
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Figure 5. Bibliometric map of countries with at least 50 publications in 143 countries.

Number of publications by authors and universities working citrus in the Turkey

The list of the top 10 authors and institutions that publish the most on citrus in Turkey
is given in Table 2. In addition, the bibliometric maps of the authors and institutions working
on citrus fruits in Turkey are given in Figure 6 and 7.

Table 2. Top 10 list of authors and institutions that publish the most about citrus in Turkey.

Number of Number of

List  Author . Citations List Institutions L Citations
publications publications
1 Yesiloglu, T. 19 157 1 Gukurova Univ. 87 1314
2 Uzun, A. 13 251 2 Canakkale Onsekiz Mart Univ. 19 392
3 Cevik, B. 1 44 3 Erciyes Univ. 19 266
4 Cimen, B. 1 52 4 Suleyman Demirel Univ. 18 153
9 Ozcan, M.M. 10 128 9 Mugla Sitki Kocman Univ. 16 236
6 Seday, U. 10 148 6 Akdeniz Univ. 15 211
7 Selli, S. 10 404 7 Ataturk Univ. 15 102
8 Gulsen, O. 9 214 8 Selcuk Univ. 15 161
9 Kacar, Y.A. 9 114 9 Ankara Univ. 14 352
10 Incesu, M. 9 38 10 Ege Univ. 14 152

When the publications on citrus fruits in Turkey are examined, according to the top 10
list of the authors with the most publications, Yesiloglu is in the 1st place with 19 publications
and 157 citations, while Uzun is in the 2nd place with 13 publications and 251 citations
Yesiloglu T., who is the most published author among Turkish authors, is also at Cukurova
University (Table 2; Figures 6 and 7).

When the scientific articles publication on citrus fruits in Turkey are examined, it is seen
that the studies are mostly carried out at Cukurova University. According to the data in Table
2, Cukurova University is in the 1st place compared to the other universities. In Turkey,
Cukurova University published 87 articles were published in journals, which are scanned, by
SCI and the articles got 1314 citations. It is seen that Canakkale Onsekiz Mart University ranks
second in the list with 19 publications and 392 citations (Table 2; Figure 7).
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Figure 6. Bibliometric map of the prominent among 1108 Turkish authors publishing on

citrus.
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Figure 7. Institutions that publish the most about citrus in Turkey.

Number of publications by authors and universities working on citrus in the world

Figures 8 and 9 show which authors have the most publications in studies on citrus in
the world and which institutions have the most publications. In addition, the top 10 list of the
authors and institutions with the highest number of publications is given in Table 3.

Table 3. Top 10 authors and institutions with the most publications on citrus in the world.

List Author N”'!‘bef of Citations List Institutions Num_ber_of Citations
publications publications

1 Deng, X. 212 5280 1 Univ. Florida 2094 37919
2 Wang,Y. 166 1623 2 Huazhong Agr. Univ. 561 12035
3 Wang, N. 139 3142 3 US. Depart. Agr. ARS 536 13357
4 Zhang, Y. 131 2201 4 ARS 432 8540
5 Ly, Y. 119 2560 5 Univ. Sao Paulo 418 7402
6 Navarro, L. 116 3962 6 Southwest Univ. 384 5847
7 Chen, J. 115 2239 7 Univ. Calif Riverside 330 6385
8 Grosser, J.W. 110 911 8 Inst. Valenciano Invest Agr. 321 11460
9 Ollitrault, P. 109 4116 9 Univ. Politecn Valencia 281 6898
10 Li,Y. 108 1571 10  Texas A&M Univ. 245 4587
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Figure 8. Bibliometric map of the authors with the most publications in the world.
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Figure 9. Bibliometric map of institutions with at least 50 publications among 9055
institutions in the world.

In the system, where the titles with the words on “Citrus” are scanned, as can be seen in
the map of the bibliometric analysis, there are at least 82 authors within 50 or more
publications. Generally, the authors are clustered in 5 different groups and each cluster shows
the relationship in between the authors. When the top 10 ranking of 82 authors who
published at least 50 papers were examined in terms of both the number of publications and
the subject of citation, “Deng, X.” is in the top with 212 publications and with 5280 citations.
When the data are examined, it is seen that Deng X, who is the author with the most
publications, works in the university of Huazhong Agriculture University which is the second
most publishing university, and he owns almost half of the publications owned by his
university (Table 3; Figure 8).

When the publications on citrus fruits are compiled, it is also important which
institutions publish more. When the top 10 list of the institutions with the most publications
is examined, it is seen that Florida University is in first place with 2094 publications and
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37919 publications, while it is seen that Huazhong Agr. Univ. is in the second place with 561
publications and 12035 citations (Table 3; Figure 9).

Journals with the most publications about citrus in the world and the most used
keywords

When publishing a publication about citrus, it is extremely important to decide which
journal to send it to, for this reason it becomes important to know the prominent journals
about citrus. The bibliometric analysis map of the journals in which publications on citrus
fruits are published is given in Figure 10, while the top 10 list is given in Table 4. As well as
the importance of the journal, keywords are one of the most important parameters to be
known for a study. In this study, the bibliometric analysis maps of the most used keywords in
the publications about citrus are shown in Figure 11, while the top 10 list is given in Table 4.

Table 4. Top 10 rankings of the world’s most publishing publications and keywords about

citrus.

List Keyword F:;ITszesr List Source pﬂgwg:iro%fs Citations
1 Citrus 2196 1 Phytopathology 739 5112
2 Citrus sinensis 551 2  Hortscience 458 1953
3 Huanglongbing 375 3  PlantDisease 312 5901
4 Flavonoids 304 4  Journal of Agr. Food chemistry 310 14935
5 Essential oil 259 5  Scientia Horticulturae 279 5128
6  AntioxidantA. 245 6  Food Chemistry 237 13216
7 Biological control 222 7  Plos One 182 5094
8  Diaphorina citri 213 8  American Chemical Society 170 6
9 Antioxidant 206 9  Postharvest Biology and Tec. 153 5482
10 Citrus fruit 200 10  Journal of Economic Entom. 148 2678
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Figure 10. Bibliometric map of journals with at least 50 publications out of 2756 journals used
on citrus.

When we look at the journals in which the most publications on citrus fruits are sent, it
is seen that the most publications are sent to the journal Phytopathology and this issue is in
the first place with 739 publications and 5112 citations. Hortscience Journal ranks second
with 458 publications and 1953 citations (Table 4; Figure 10).

When the top 10 list of keywords used in publications about citrus is examined, it is
seen that the most frequently used keyword among 27480 different words is “Citrus” with
2196 usages, followed by the word “Citrus sinensis” with 551 usages in the second place.
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Figure 11. Bibliometric map of keywords according to usage at least 50 times among 27480
keywords used about citrus.

Relationship between citrus fruit and study areas in the world

When Table 5 is examined, the first 10 ranks of the publications published on citrus are
seen based on fields. Agriculture takes the first place with 5059 publications and 29408
citations, followed by Plant Sciences with 3909 publications and 22563 citations.

Table 5. Top 10 list of publications about citrus by field.

Number Research areas Number of publications % of 17.325
1 Agriculture 5095 29.408
2 Plant sciences 3909 22.563
3 Food science technology 2686 15.504
4 Chemistry 2226 12.848
5 Biochemistry molecular biology 1278 7.377
6 Entomology 1199 6.921
7 Biotechnology applied microbiology 935 5.397
8 Pharmacology pharmacy 845 4.877
9 Engineering 619 3.573
10 Nutrition dietetics 617 3.561
CONCLUSIONS

When the results of the bibliometric analysis management on citrus fruits are examined,
it is seen that the top three countries in the number of publications are also in the top three
in citrus production. In addition to these, the data obtained are listed below.

In 22 years, 17325 publications have been published about citrus fruits.

- The most publications were published in 2021 (1444);

- When we look at the publications about citrus fruit, it is seen that it is mostly made in

the USA (4425);

- Looking at the world ranking, Turkey could only find a 12t place with only 368

publications;

- Among the Turkish authors, Yesiloglu T. (19) made the most publications;

- Looking at the universities in Turkey, it is seen that the most publications are made by

Cukurova University (87);

- It is understood from the data that Deng X. (212) made the most publications in the

world;

, 481
*E?;’

ISHS



- When universities in the world were examined, it was determined that the most

publications (2094) were made by Florida University;

- In citrus studies, the subject of Gene has been studied the most;

- The keyword “Citrus” was used the most (2196) times as a keyword;

- When we look at the journals to which the publications are sent, it is seen that the

Phytopathology journal (739) has the most publications;
- When the study areas are examined, it is seen that citrus fruits are mostly studied in
the field of Agriculture (5095).

In the last 22 years, 17325 SCI papers were published all over world. Only 368 papers
were published in Turkey. Turkey is in 7th place in citrus production in the world. However,
out of the total number of publications on citrus area Turkish scientists produced only 2% of
total publication. This means that although Turkey is an important citrus producer in the
world, it gives less importance to scientific research. Since Turkey is a potential citrus
producing country, more research and publications on are expected to be made on citrus
research areas.
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