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Bibliometric analysis of plant endophytic fungal diversity
research based on Web of Science Core Collection database
and CiteSpace
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Abstract: [Background] Endophytes exist in almost all plants that have been studied so far,
and plant hosts infected with endophytes often experience rapid growth and develop resistance
to stress, diseases, and natural enemies. Studies have been conducted regarding the endophyte
diversity, while few studies involve quantitative statistics and analysis. [Objective] To study the
current research status and hotspots of endophytic fungal diversity by bibliometrics. [Methods]
The relevant articles were retrieved from the Web of Science (WOS) Core Collection with the
keywords of “endophytic fungal diversity and plant” and the time interval of 1992-2022. The
number of articles, journals, research institutions, main authors, and keywords were analyzed
and the distribution was visualized by CiteSpace. [Results] The keyword burst analysis showed
that biodiversity, symbiosis, and soil were closely related to the period of article surging in this
field. The cluster analysis of keywords yielded 9 keyword tags in 3 hot research directions.
[Conclusion] The number of articles published in English about endophytic fungal diversity and
plant has grown rapidly since 2019. Endophytic fungal diversity, promotion of host growth by
endophytic fungi, and medicinal properties of secondary metabolites of endophytic fungi are
currently the focuses of research in this field. In the future, high-impact authors and institutions
should enhance collaboration and carry out in-depth and systematic research on the three hot
spots and shortcomings in this field.

Keywords: plant; endophytic fungal diversity; bibliometric statistics; Web of Science; CiteSpace
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The trend chart of article publication volume and article citation frequency from 1991 to 2022.
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Table 1 Top 10 journals and their impact factors in 1992-2022

Feo T WCE WSCH ISR

No.  Journal Number of papers Percentage of papers (%) Impact factor (2022)

1 Frontiersin Microbiology 67 4.87 5.2

2 Fungal Ecology 64 4.65 2.9

3 Fungal Diversity 42 3.05 20.3

4 PL0OS One 39 2.83 3.7

5 Journal of Fungi 35 2.54 4.7

6 Microbial Ecology 28 2.04 3.6

7 South African Journal of Botany 25 1.82 3.1

8 World Journal of Microbiology Biotechnology 24 1.74 4.1

9 Frontiersin Plant Science 22 1.60 5.6

10 Fungal Biology 22 1.60 2.5

R2 1992-2022 FH5ISURAET 10 BISTHEK

Table 2 Top 10 cited papers in 1992-2022

Frey #H WRIFIRZ MR N R UEILINN

No.  Title Journal and impact factor Publication  Citation

year frequency

1 Natural products: a continuing source  Biochimica et Biophysica Acta-General Subjects 2013 1 808
of novel drug leads IF: 3 (2022)

2 Fungal endophytes: diversity and New Phytol ogist 2009 1759
functional roles IF: 9.4 (2022)

3 Fungal endophytes limit pathogen Proceedings of the National academy of Sciencesof 2003 887
damage in a tropical tree the United Sates of America

IF: 11.1 (2022)

4 Fungal endophytes: a continuum of Annual Review of Ecology and Systematics 1998 756
interactions with host plants IF: 6.18 (2003)

5 Endophytic fungi: a source of novel Mycological Research 2002 753
biologically active secondary IF: 2.81 (2011)
metabolites

6 Diversity and host range of foliar Ecology 2007 653
fungal endophytes: are tropical leaves  IF: 4.8 (2022)
biodiversity hotspots?

7 Fungal endophytes from higher plants: Fungal Diversity 2010 436
a prolific source of phytochemicals 1F: 20.3 (2022)
and other bioactive natural products

8 Fungal endophytes: unique plant Applied microbiology and Biotechnology 2011 406
inhabitants with great promises IF: 5 (2022)

9 More than 400 million years of Journal of Experimental Botany 2008 369
evolution and some plants still can’t IF: 6.9 (2022)
make it on their own: plant stress
tolerance via fungal symbiosis

10 Root endophyte Colletotrichum Cell 2016 366

tofieldiae confers plant fitness benefits
that are phosphate status dependent

IF: 64.5 (2022)
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et DE Ke
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AZEVEDO Joan I'.U'blo o

R"3 19922022 FILTTARERT 10 BIEH
Table 3 Top 10 authors with published papers in
1992-2022

oA () WICHGE SIECA T
No.  Author Number Percentage of
of papers papers (%)
1 ARNOLD A. Elizabeth 33 2.40
2 HYDE Kevin D. 22 1.60
3 ROSA Luiz Henrique 19 1.38
4 ROSA Carlos A. 14 1.02
5 LUMYONG Saisamorn 14 1.02
6 U'REN Jana M. 13 0.95
7 LEE In-Jung 13 0.95
8 BEZERRA Jadson 13 0.95
D.P
9 KIM Jong-Guk 12 0.87
10 ZABALGOGEAZCOA 11 0.80

Inigo

Henrique . KIM Jong-Guk 5 EX L T S 1F
by, BAREOMRE LR CEAZ, HELM

R R AT Bl AR ) PN AR TR IR S U I 2% Bl

KUMAR Anuj
? ' EEATH SH
TANABE Akifumi S - . :
= UREN JanaM
@)Tzow Francms

..,'_..' - @ LD. ‘A Ellzabeth soN x,ang

LEE 'ﬂ'J“"E_ ROSA CarlosA

M&CIA VICENTE Jose' G

E}JMYONG Salsamorn

%ZERRA Jadson DP-

{ GOND Surendra K
ALVES TaniaMA °,

HAMAYUN Muhammad
KHAN Abdul Latif

Figure 2 Collaboration diagram among the major author.
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J15 HAh, HSUSEE 5 BT R 2 IS
., UEBRZUE 2 B 2 PR E T
232 MRS H

SR FNH 1 373 RAE SR A 1867 TS
M. B 4 AT, IS0k R R 2 IR
A EEREBE(Chinese Academy of Sciences), 3
RFWIL 620, HIRSCE LR 4.52%; H
WK vk B E K B2 0 58 L (French National
Centre for Scientific Research)fll ¥ & 1R [
(Egyptian Knowledge Bank), &Kt Cm¥N
310, HIBCRARER 2.26%. AIRARI
FEMANMBE R GIELR, LR R RE
ML 5 RS TS, TR B
M Z IR G VERRIE(E 3), B3 hAgI, &
RN F R R B TR K 2, [HELD L
B0 s W ERHBE (Chinese Academy of
Sciences) , 3¢ [E 4 |l (United States Department
% K iR (Egyptian
Knowledge Bank). Z%[E & KJ5 K2 (Mae Fah
Luang University) F1 3% E E & #} 2% 8 58 o0
(French National Centre for Scientific Research)H
ODMEE R, IEB DL BRI XS F ALY N A

of Agriculture) .

F 4 1992-2022 FiP K FER/T 10 BRI

PR S A A e 3 S, I R LA LAY T
J&T RKERAE.
2.4 KBRS
2.4.1 XBEiIRLIM SR

O TA) FE B 43 A AT LA o % SOk b L B
el i R SN PSS iR R e B
DIRT AR B S R s ok, DUE/RIEYI A
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B9 B IR T i i 0 801 e T e S AT
W, NI R oAk B B SR 4R 1A M (1 2=
%o R SHNF TN TR 20 A, PN
A LR 22 R M T 5 0 s 3000 5 A R ) O
)& Z A (diversity, 772 K), HIREN4
ELH# (endophytic fungi, 641 ¥X). FE¥(plant,
321 K)o 38 5 % 3% 9 1Y) O B ) ) 4% 4 47 AT
AL 7B (D 4), mhas M e G DG S ) Ay JaR e
(infection) . #R & (root) . #H ¥ (plant) . I}
(leaves) . %) Z #£ 1 (biodiversity), FF H UL
OEER O PR >0.1, FBX LA A A
] At 7y DG B 1] 22 (B 3E R %5 U (rhooo M >0.1 13
HIRZ s o rhb s, TRV TP O EE H A
EEEPNIOE-AIDINE

Table 4 Top 10 research institutions in terms of published papers in 1992-2022

b T

No. Research institution

WICHRE HIESCE I

Number of Percentage of

papers papers (%)
1 W [E R} 24 B¢ Chinese Academy of Sciences 62 4.52
2 e K iR R Egyptian Knowledge Bank 31 2.26
3 = E [ F B 240758 $ 0> French National Centre for Scientific Research 31 2.26
4 F E 4V #B United States Department of Agriculture 30 2.19
5 52 [E V. F A K2~ University of Arizona 27 1.97
6 Z&[E B2 K5 K2% Mae Fah Luang University 26 1.89
7 2L P K g T R 3 K 2 Federal University of Minas Gerais 25 1.82
8 e[ B K B2 58 0 French National Centre for Scientific Research 24 1.75
9 BV - % K2 Redirected from University of Sao Paulo 22 1.60
10 rp [ Bl 24 B K 2% University of Chinese Academy of Sciences 22 1.60
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Figure 3 Collaboration diagram among the major research institutions.

x5 HISNERHRARE 20 B9 XA 242 XBIRELER
Table 5 Top 20 keywords in frequency i (] 2% [g af %}m %/\ o %:ﬁg i EI/‘J i I‘Eﬂ 5 ir

e K

K SR

No. Keyword Frequency Centrality
1 Diversity 772 0.08 NI 30 @ﬂé*ﬁ% A A L TRAE 9 RS AR Ak S ok
2 Endophytic fungi 641 0.08 ﬂéﬁﬁﬂﬁﬁ_% K 5 s, *UﬁﬁﬁAﬁ: [)/{ 5 ﬁg
3 Plant 321 0.14
A 4 A

4 Identification 211 0.09 Mk 1AL, RETEA 737 AR A
5 Community 193 0.08 %HﬂLIEﬂ IR 1992 A EAFEY N A B
6 Leaves 192 0.14 WF 5 U SCHR O B m] i TR] £ % . 0B B
! Growth 167 0.08 M ZE E [ (endophytic fungi) . 4 ¥ £ £ 14
8 Biodiversity 116 0.13 . ]
0 Colonization 101 0.06 (biodiversity) . E 7% (fungal community) . &
10 Soil 9% 0.02 [l (gene) 55 AH G S SRt iR) 2E I (B ZR O I L oL JS
11 Host 95 0.06 i&jﬁ/\;ﬁ
12 Root 89 0.15

- RSBl P T B 10 A 4
13 Bacterial 87 0.03
14 Biological control 77 0.06 I JC jﬁff 1ol o TEFLIR 2% B2 il ]
15 Arbuscular mycorrhizal fungi 76 0.03 L SR e ] s R X gk H (log-likelihood
16 Metbolits 5005 ratio, LLR)EI 74 FIH I E(Q), Q0.3 %
17 Secondary metabolites 75 0.04 Sl s ok - .
18 Antimicrobial activity 73 0.05 Eﬁ gzjtﬁé& ; %K%Eﬁ @ ;J:E' @((S)>0.7 %:z ﬁ %?—i
19 Evolution 70 0.06 R BT R TIE (B 5) o SCHRAN A AR 737 4>,
20 Fungal diversity 69 0.03 B 1749 55, Q=0.506 4, KUIAREE
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Figure 5 Timeline view of keyword clustering analysis.
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Infection 1995 6.85 1995 2012
Palm 1996  5.15 1996 2010
Community 1996 486 1996 2012
Rhizosphere 1998  3.83 1998 2014
Leaves 1996 18.82 2001 2013
Biodiversity 2001 7.71 2001 2015
Resistance 2001 3.83 2001 2005
Tall fescue 1992 635 2004 2014
Taxol 2007 429 2007 2015
Symbios 2008  6.57 2008 2014
Trees 2007 8.05 2010 2014
Molecular characterization 2010 6.23 2010 2015
Mutualism 1999 480 2010 2016
Forest trees 2010 462 2010 2013
Fungal diversity 2002 420 2010 2014
Mycobiota 2011 390 2011 2013
Species richness 2012 461 2012 2016
Stress tolerance 2008 4.43 2012 2017
Invitro 2015  5.14 2015 2020
Secondary metabolite 2010 438 2015 2017
Genus 2017  3.84 2017 2019
Soil 2008  4.17 2019 2022
Endophytic bacteria 2002 503 2020 2022
Biocontrol 2003 3.96 2020 2022
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W ORI R ] FR , 212k S0 RSB TR 58 78 e A 1 Pk 1] 1) il

Figure 6 Literature keyword emergence map. The blue line represents the time interval, and the red line
represents the time interval when the keyword mutation occurs.
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