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Bibliometric and visual analysis of phosphorus-transforming
microorganisms based on CiteSpace

GAO Chuanyu, LI Chunyue*, LI Yifan, LI Qianxue, KOU Zhaoyang, ZHANG Wenting

School of Geography and Tourism, Shaanxi Normal University, Xi’an 710119, Shaanxi, China

Abstract: [Background] Phosphorus-transforming microorganisms play an important role in
the phosphorus cycle in the natural environment. These microorganisms promote the efficient
resource utilization, reduce environmental pollution, and have positive impacts on food security
and ecosystem stability by dissolving, mineralizing, absorbing, and transporting phosphorus in
the environment. [Objective] To explore the research hotspots and trends of phosphorus-
transforming microorganisms both domestically and internationally in recent years, visualize the
knowledge structure and evolution process in this field, and provide feasible references and
insights for subsequent research. [Methods] We retrieved the articles in this field published by
China National Knowledge Infrastructure (CNKI) and Web of Science core collection (WOS)
from 2002 to 2022. CiteSpace was employed to analyze the keyword co-occurrence, keyword
clustering, bursts, number of publications, country distribution, author cooperation, and
institution collaboration. [Results] A total of 887 valid articles were ultimately screened out.
The research on phosphorus-transforming microorganisms began to flourish after 2016 and
experienced accelerated growth in recent years. China and the United States were leaders in this
field. China was the country with the largest number of publications, and the Chinese Academy
of Sciences was the institution with the largest number of publications. The research hotspots
included the classification and screening of strains, metabolic pathways, nutrient cycling,
environmental pollution, and ecological protection. [Conclusion] Phosphorus-transforming
microorganisms have broad development prospects. The mechanism of phosphorus-
transforming microorganisms in response to biochar is becoming a new research hotspot. The
wide application of such technologies in the future is an inevitable development trend. This
article provides a visual explanation of the research and development trend of
phosphorus-transforming microorganisms, proposes future key research directions, and provides
a theoretical basis for agricultural production and sustainable development.

Keywords: phosphorus-transforming microorganisms; phosphorus cycling; CiteSpace; visual
analysis; research hotspots
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Table 1 Emergence of key words in CNKI

K] ZEPSREE TP 45 2002-2022
Keywords Strength Begin End

f##; Dephosphorization 2.21 2003 2011

fifiik Screen 2.35 2008 2009

K MWe51 Fermentation conditions 2.25 2011 2015

WE  Appraisal 2.16 2014 2017

W Phosphorus solubilization 3.16 2018 2019

i VEF Growth promoting effect 2.41 2018 2021

TR 2.26 2018 2022
Phosphorus dissolving characteristics

AHAHLER Organic acid 2.63 2020 2022

fRERLEL 2.57 2020 2022
Dephosphorization mechanism

firk A T 2.26 2020 2022
Phosphate-solubilizing microorganisms

WA B BAFICACR —AEY, B A FIE ACR O 1 58 B A B[] B

Each rectangle from left to right represents a year, and the larger rectangle represents the time period during which keywords

appear.
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®2 WOS BEEEXBIARAER
Table 2 Emergence of key words in WOS

St RIS PR AW 2002-2022
Keywords Strength Begin  End

/2 Dynamics 4.89 2004 2013

W% Phosphorus 3.28 2004 2008

Sh¥FEH  Animal manure 3.68 2005 2009

JiALAER Denitrification 3.36 2011 2013

H: A S Ecosystem 3.14 2011 2013

Al River 3.66 2013 2019

Z4; System 3.71 2015 2017

+3E Soil 3.14 2017 2018

W% Biochar 3.68 2018 2022

HL# Mechanism 4.24 2020 2022

i Response 3.82 2020 2022

2.7 KEBIRBESH SRS HEIT A, WK 6A fIFE 3, X

KA R HrIE M CiteSpace X2 H
MRTA SREER AT 228, — iAo 2RIk
{H(Q fE)>0.3 MFALEIMRE RRLMEE; HF
YR ERAEL(S 1E)>0.7 I, RISIE AR A A5 R
M, 16 0.5 LLE, RIBARFREGIM, 7 S
ERNTIFR, MIEREBCE T 1, XL
Wz e KN, HEEUR— A Tl
CNKI B8 4 A pi 0 0 5 A Tl A ) S Bt 1) SR 6

#10 fEHiIEA

&6 XHIFAEAEE A: CNKI XEiEEEK. B

12 MEREFHV- 5 BB 53 5100 0.893 ., 0.881,
0.816.0.859.0.800. 0.948 . 0.818.0.930. 0.811,
0.734. 0.995 1 0.974.

RFEHO . #1 W NSRRI R E>
A5 B <l ol L DA AR IR AN TR R TR AR B
I AN g 2, HAEd D, FER
BT % (Penicillium) . il %5 (Aspergillus) .. #iJ]
I (Fusarium) . /)22 4% i (Sclerotium) &5 J LA &

e"r
’ .} °
v =L &
#2 icrgb@w’éﬁ'\hﬁs .
} 3 /5 #5Aceum

: WOS KA R
Figure 6 Keyword cluster diagram. A: Keyword cluster diagram of CNKI. B: Keyword cluster diagram of
WOS.
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Table 3 Database keyword clustering information in CNKI

e CNKI R E 5% BS ankigc! SRR AR
Cluster No. Cluster tags of CNKI Number of keywords Silhouette Mean year
0 fEWEANT Phosphate-solubilizing bacteria 42 0.893 2014
1 WA phosphate-solubilizing microorganisms 37 0.881 2011
2 A HLER Organic acid 32 0.816 2014
3 ff#W5AE )1 Phosphorus dissolving ability 27 0.859 2011
4 it Screen 25 0.800 2010
5 %W Phosphorus solubilization 24 0.948 2010
6 {244EH Growth promoting effect 23 0.818 2014
7 7= Output 22 0.930 2013
8 ¥ Colonization 21 0.811 2013
9 +3#£ Soil 21 0.734 2013
10 FEPifE Antagonistic effect 5 0.995 2011
11 HYIER Biological action 5 0.974 2014

Fifto SRR R AT 2F fRUFT I (Bacillus sp.) . BRI
FF T (Pseudomonas sp.) . K SC F B (Erwinia sp.)
+ 3 ¥F & (Agrobacterium sp.) . ¥ & K #
(Serratia sp.)%!'Y, RISH2 SR T A WA
FEYIRAE P A2 . A ST 2R B R e AR
BL S == Pl E e, e REE
XoT 2 1t 25 (Aspergillus niger) 5% 2 B0, i
Wt e A R 2 A A LR, REE A AL
PR E RN T, B3 HE T
BRI Y, SR AL A Y i R
Y E ) . SR EHA FI#8 JeiF iy W] # A5 K
it H P TRRR A RIS, T e 48 FE TR W o 2SI
Bt A rh, 38 36 AN [ T AR ) )RR T 2 e
AT H W Ot 228 1 AT AR IR W A 4, Ik
TR SR A &, Yl a3 H
AR TR R ) 2 B e 2 — 10 IR el A W i
JI0 R T A AR . WSS R R 4 s
TR E IR AP N — B IR B AT
BB ) — R IAELGE W ik Fak  AK),
AR — B sl b i A . P Rk
#5, #6, #10 FI#11 W MIAEYEA SR G TR
HEEM, BR TIMAENS SHEA SRR

[FJr=. T SR A EUIMKE, R
LU R AR AR, R — R A R S
FE AT A Wy L R SR AT LA, T TR0l A 77 1 56
B, JIeH9 LRI RAE , 0
BB AR P A RERTIE S 2 SR T LAE W)
AR 17 Bl X - 8 Y 5 AL o A A B SR
e P4 B AR S Yl e A IR, AE 4
J BRI PR B S T X PR ARSI

B WOS B 12 Az il ) e A AR ) G B
RIEA G B S0, UL 6B MIZk 4.
X 10 A RISHAF B R B E 200 0.752.,0.788
0.684. 0.823,0.733, 0.736. 0.777. 0.827. 0.738
1 0.887

WPHO, #2, #3, #6 FIHT T T AHE RS
iz F AL A REAE S A B . S AL R B A
(denitrifying phosphate-accumulating bacteria,
DPB) & — Fl 75 PR 480 Al S8 52 5 b 4T B 30 358 v
Yl s AR AL A Y, T Rlod s R sl A 1
(denitrification)[wl it K 5¢ 5 7K A i RURBR B>,
1M A A AE F (nitrification) 38 19 & & KL /R i T 19
2, TEA ST 2m e an v AL g
Mt RO, GX 2 AR R B 5 R R
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Table 4 Keywords clustering information in WOS database

RS WOS RIhr% HRRAN NS Sk dIEN Ay
Cluster No. Cluster tags of WOS Number of keywords Silhouette Mean year
0 S AE/ER Denitrification 71 0.752 2009

1 £ Speciation 70 0.788 2008

2 A4 Microbial biomass 68 0.684 2014

3 Z4; System 49 0.823 2011

4 157Ki5 {6 Sewage sludge 47 0.733 2014

5 THEAE Accumulation 45 0.736 2015

6 WEBRES P enzymes 44 0.777 2015

7 iALVER Nitrification 36 0.827 2008

8 s Available P 35 0.738 2011

9 Jii EUBHE PE Dehydrogenase activity 23 0.887 2008

JCRGI M T By o i 3 NE ) b e
2 —3& T3 W) i (microbial biomass), HEE
1o A 32 18 A 25 R BT AR il B Ay 5 i 729,
SRR AR S R G WA A WL 6 e HL
A BB A= ORI P, BRI (P enzymes) ]
PASEEIX — b B2, TR WG ER ARG i 31
BERRY, Bl B0 TR S S B b
AP ZEER . BT BRI RS #EC
RARE HE NP S A A, w2
T BEE PR A BR S Ak S T AR A B A . BRI,
XTI A5 AT IR AR ST AT LARE B AT B A b 2R
W L G IR AR, AR AR 7 A ER B LR
PRALRL AR . Rma | #5 R BN
K Wl B A A A A X6 P58 1 5 T A R g Ot )™ A=
B IR Y AR S PR AP IR R . HeAh, BRK A B
Y e Ak 38 4 PR T TP R AR R A A R
FHAR 2 M S0 A P (R R SR 2E#8 . #9 RITE
P ey A A 0 [ AT DL A PEAS 1
TR P REAR B AR KSR T i 1= AR DL S A
HIE FLAEY AT e R,

3 W54 ®

A5 K CiteSpace X CNKI il WOS %
P G R Y Y 887 e STHBRHEAT 4B, X W

R P R ST T gk . il —
ROV LU E518 . [ A SOk & R
2014 4E LIS B ARG, 2016 4F L) J5 4 4 01 &2
P, FESCSCERIY B SO 2 T SO0k . e
AL WA R R, R E A TS
R SCBCR A O PEN B B —, XA 28 R
IR AGATT R — Z2 51 Bl A BUSRE LA KOt ARl & e 1 R
TR kIR S O R = B LA 2 o R
s EESHMERNAER RS, 51F
EIS T Bos , B AL A P i o s dE v
R RS0 . RiER . BRTRME
W I RERAIE . ARSI REERE . FREE R I
ML IS Y AR & . Yk S5HE
ARt g A% B LR AL ) L A R BT A5
o RSB UEY BT W R R 5,
HILB B AT TRAEAEA 2 o B, A BFFEAT
Wl 2 A Al A A A U B A D) 4 R S G R 58 g g 7
Ll T AR, BARE ARV E R T B
R A WA B 25 BA T A S AL, 2
HAE SEBR A 7 v AT A 5 A8 e R AR B A A
VAl o 4R 5T TR R G 2B W2 Fn Ak
T 2E 4 2 2B R T B e el A 04 R AR
LIRS, IR IFLEAE W N AN E . [RIAT,
InaE s ARAR MR, DA H N . Hak,
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TR LR W A i 20 1) X e e AR 203 8 2 ) 1 R TR
5T X REEE AL S e A AR A 85 T AT 9 L
RAESENAEA B AE  RA AT AT i 1
E20 1 eSS AR RS TN AW 7 TN 7% (A = S
I S5 A A T VR ISR A A oA Al
A S ARSI

4 EHZ

JRBEARRMOETETT 10, A BT IRASZH A
K BUR A USRI BT RR AT Ik, Aol A
ROCEA R D, L, FATS I I i

(1) ACHRARARMESE 5 K FETT 1] X T Wil Ak
DA, AR A ST 25 N 15 B iy PLE AT 5 5
WSS A SR T 1), T A U i B
P, IRl EEAE S SEBR /oK, BT R 5 ik
BEIRORARIAI T . AR AR | BRSO AP A A O
PRI EAEOTIE, B Ak Gl A W ) D 4
AROFFE, FFFRA KR RGEVER T 5,
IR BEZE ST . BREE  thanynl i L.

(2) WHUB S EAR ST % Bldn, &
JE& o 1 e WA O 2 SR RS R A = B 36 )
fige BT R A 0 N TS Y R A A R 2%, R R
WAL W0 2 A Bl A 0 5 TR 2 i AR A T, IR
AT A 2 RN $h SEOT TS O Sh A7
b kS
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