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Abstract In the context of global warming, food crises, and the depletion of natural resources, microbial
fertilizers are widely used in agricultural production because of their environmental protection advantages. In
this paper, using literature investigation and bibliometric methods, the research history of microbial fertilizer
fields is summarized. Past 20 years of research within the field was evaluated based on, the number of papers,
major research institutions, and research direction distribution in the Web of Science and CNKI databases
published, and the research direction and frontier hotspots of papers were analyzed using the visual analysis
software CiteSpace. The number of articles published in the field of microbial fertilizers has generally shown
an increasing trend annually. The Chinese Academy of Sciences, Indian Council of Agricultural Research,
and Nanjing Agricultural University are the research units with thelargest publications in this field. Research
on microbial and plant growth is relatively concentrated both nationally nad internationally from the research
direction and hot spots; however, in recent years, research on the mechanism of microbial fertilizer and
sustainable development of agriculture has attracted substantial international attention, whereas research
on crop yield and microbial fertilizer application is of greater concern in China. To provide a reference for the
sustainable development of agriculture and the realization of carbon peaking and carbon neutrality goals,
several suggestions for the development of microbial fertilizers in China have been put forward. These
specifically focus on the preservation and excavation of microbial strain resources, exploring the mechanism of
microbial fertilizers, enlarging field experiments, and promoting science and technology innovation in agriculture.
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Fig. 1 Annual change trend of published papers in microbial
fertilizer field at home and abroad in recent 20 years.

2.2 fARMMMARELZ ST

FEWE FEHLAL 5 T, A RS B RS AR L B T PR
B R AR AR E R RS B AR LT T
(Embrapa) #2& i AE V)AL RHUER K SC R Z AT ST ot (R
2), PEF B RA BN ERR A RAR, M ET

Table 1 Statistics on citation frequency of papers in the field of microbial fertilizer in the world and China in WOS database

515K Citations 0-10 11-20 21-30 31-40 41-50 51-100 <100
=¥k Global 50.58% 17.35% 9.79% 5.86% 3.75% 7.711% 4.96%
[ China 52.85% 17.85% 9.77% 6.62% 3.31% 6.92% 2.69%
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Fig. 2 Distribution of WOS literature research direction in
microbial fertilizer field.

Table 2 Statistics on the number of publications in microbial fertilizer field issued by countries and institutions in WOS database

EZ% Country K CHE/H Number of articles KUK Institute 9% CE /R Number of articles
*1[E China 1300 f E R} 2B Chinese Academy of Sciences 343
2[H America 864 1 AL 72 #9545 Indian Council of Agricultural Research 262
EE India 793 Al K 2% Nanjing Agricultural University 142
7§ Brazil 484 B R BE K 2% University of Chinese Academy of Sciences 140
i [H Germany 367 I L 7 A F Embrapa 138

* 3 WEMENAIBWOSHIEETOPS & X1E&

Table 3 Author of highly cited literature of microbial fertilizer in WOS database

=) , - RICEE IaEizE

No. fi-# Name PR LI Institute % Country Number of articles H-index
1 kM7 Shen QR A K 2% Nanjing Agricultural University [ China 76 89
WL ARy « B 2230« B RGO #4F South Africa 37 35

Babalola OO
hrflEng « %5 544 Prasanna R

a s~ w N

25 LiR

North West University South Africa
EJ1 4 L F 78 B 2 2> Indian Council of Agricultural Research E[IJE India 30 42
FERLR « FE2EWFRHR Kuzyakov Y 8 [E FF AR K 2% University of Gottingen

R 5U kK% Nanjing Agricultural University

i [E Germany 22 88
1[E China 22 36
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Table 4 List of top 10 highly cited articles in microbial fertilizer field

EidZ) iy TIEs
No. Title Citations
1 (EEMAEKRRAE (PGPR) « 740 HIL Plant growth-promoting rhizobacteria (PGPR): emergence in agriculture 957
2 HRBRYH T BT 32 AE A 2l Rhizosphere bacteria help plants tolerate abiotic stress 869
3 RHEA RS AH T M LR AR KA T R : 2738 Soil beneficial bacteria and their role in plant growth promotion: a review 862
4 H LIS g AR TR K R . 2238 Long-term effects of organic amendments on soil fertility: a review 786
5 HEYIEDRIEG: € A, EERGMEE Plant biostimulants: definition, concept, main categories and regulation 778
6 4NN AE R 7Tk E B 2N ] Bacterial endophytes: recent developments and applications 762
7 RBERIED): B L IERR R Z (00T 7 477 IR _ . _ ; _ 761
Phosphate solubilizing microbes: sustainable approach for managing phosphorus deficiency in agricultural soils
8  4iid: FLWAAR PRI KRN IR Review: factors affecting rhizosphere priming effects 693
o ETIXE B BRI B S B IE B AR () 25 36 37 . ‘ _ : ‘ 657
A meta-analysis of context-dependency in plant response to inoculation with mycorrhizal fungi
qo  VRILAEYDAAC HORR b A0 B R PO A R IS 5 G o R B R B 5 575

Plant growth promoting rhizobacteria and endophytes accelerate phytoremediation of metalliferous soils
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Table 5 WOS database keywords of sudden detection information table in microbial fertilizer field
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Table 6 CNKI database keywords of sudden detection information table in microbial fertilizer field

i ENTK

SR B 1] T [51)  JBE

SR LI (1]

Keyword Strength Span Duration 2012-2021
Jo/A5E Environment-friendly 3.67 2012-2014 3 e
i Drum stage 318 2012-2014 3 I e e e e e
ZFE% Diversity 3.01 2012-2015 4 e ——
i%E{E Continuous farming 3.01 2012-2012 1 N e e e e e
fi# 1% Dephosphorization 4.44 2013-2015 3 T
KAEY) Crops 4.03 2013-2015 3 e O O e s e e
K& Soybean 3.77 2013-2014 2 e S I —
[ %EH Nitrogen fixation 3.76 2013-2016 4 e O O O s e e
7= High-production 3.63 2013-2013 1 [ ——
LY Biological fertilizer 3.43 2013-2017 5 S ——
L2 3CHH Ecological civilization 3.03 2013-2013 1 e —
MEREEL A Fertilizer practice 4.38 2014-2015 2 S
AL Ministry of agriculture 3.40 2014-2016 8] T T
filt ¥ fit /) Phosphorus-dissolving capacity 3.29 2014-2015 2 S —
W EYE Microbial fertilizer 3.37 2015-2016 2 e ——
47 Increase the production 5.92 2016-2017 2 s —
/WA Pak choi 3.74 2016-2017 2 Ny i ——
i Tomato 3.14 2016-2017 2 e R —
fi#41 Potassium release 3.09 2016-2018 3 e T T
ok Agriculture 6.49 2017-2021 5 e —— — —
/KT Rice 6.31 2017-2021 5 eeeee————— ——— — —
#% /L Cucumber 3.16 2017-2018 2 mmem—— [ ——
/N Wheat 4.30 2018-2018 1 ————m——— [
5% Potato 3.44 2018-2019 2 eee—————— T p—
W E Endophyte 3.99 2019-2021 8 e -
34 Symbiosis 3.84 2019-2021 3 ———— - —
K JEita# Development trends 3.32 2019-2019 T — -
AR Iron carrier 3.19 2019-2021 3 e — - —
Egf £ Enzymatic activity 4.93 2020-2021 2 e [
L il Salt stress 4.93 2020-2021 T e —— -—
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