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Research progress in response of soil microorganisms to
global warming: based on bibliometric analysis
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Abstract: [Background] Soil microorganisms play a crucial role in the response of terrestrial
ecosystem to global warming. [Objective] To unravel the status quo, hotspots, and frontiers of
research on the response of soil microorganisms to global warming and to clarify the knowledge
structure in this field. [Methods] Based on the 3 189 papers on the response of soil
microorganisms to global warming published in Science Citation Index Expanded of Web of
Science from 1999 to 2021, the annual number of papers in this field, cited frequency of the
papers, authors, affiliations, countries, subjects, and keywords were visualized by Vosviewer
and CiteSpace. [Results] The number of papers shows an overall increasing trend: first slow
increase, then steady increase, and finally rapid increase in detail. The highly cited papers are all
published in top international journals, the research outcomes of which have high academic
influence. As for interdisciplinary research and collaboration, Environmental Science, Ecology,
and Soil Science are the main disciplines, and Multidisciplinary Sciences occupies an important
position in this field. Moreover, professors Luo Yiqi, Schuur, and Zhou Jizhong are the core
scholars in this field. Cooperation among the authors in the same research team is common. The
main affiliations are the Chinese Academy of Sciences, University of California, and the US
Department of Energy, with close cooperation among the affiliations. Besides, China, the US,
and Europe are the main forces in this field and frequent cooperation among countries in this
filed is observed. The research focus is that global warming changes the community structure,
diversity, and physiological and biochemical functions of soil microorganisms, further
influencing geochemical cycle. The research frontiers are the mechanism of action and
regulatory mechanism of soil microorganisms in release of soil carbon pool. [Conclusion] The
response and adaptation mechanism of soil microorganisms in different ecosystems to global
warming are different. A few studies of microbial carbon function-related genes and interaction
of multiple environmental factors are available. Therefore, efforts should be made to carry out
research on specific ecosystems and large-scope large-scale long-term positioning research,
strengthen the research on microbial carbon degradation- and carbon fixation-related genes, and
emphasize the impact of the interaction of multiple environmental factors on soil microbial
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ecological processes.

Keywords: soil microorganism; global warming; soil carbon cycle; visualization; research hotspots
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Figure 1

Distribution of annual publications on the response of soil microorganisms to global warming.
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Table 1

Top 10 most frequently cited literatures on the response of soil microorganisms to global warming

P Uk S—EE ORUEIIT RFRE BHIHIK
Rank Article title First authors Source publication Publication Citation
year frequency

1 Persistence of soil organic matter as an Schmidt Nature 2011 2 966
ecosystem property MWI

2 Climate change and the permafrost carbon Schuur EAG Nature 2015 1 465
feedback

3 Three decades of global methane sources and Kirschke S Nature Geoscience 2013 1130
sinks

4 Anaerobic oxidation of methane: progress with ~ Knittel K Annual Reviews 2009 971
an unknown process

5 Vulnerability of permafrost carbon to climate Schuur EAG Bioscience 2008 968
change: implications for the global carbon cycle
Soil erosion and the global carbon budget LalR Environment International 2003 882
Temperature and soil organic matter Conant RT  Global Change Biology 2011 825
decomposition rates-synthesis of current
knowledge and a way forward

8 Soil-carbon response to warming dependent on  Allison SD  Nature Geoscience 2010 802
microbial physiology

9 Soil organic matter, biota and aggregation in Six J Agronomy 2002 798
temperate and tropical soils-effects of no-tillage

10 Plant-soil feedbacks: The past, the present and Putten WH  Journal of Ecology 2013 780

future challenges
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= 979 Environmental Sciences
= 737 Ecology
= 587 Soil Science
359 Geosciences
= 358 Microbiology
= 232 Multidisciplinary Sciences

= 228 Biodiversity Conservation

/ = 170 Plant Sciences
11.26%
/ = 160 Marine Freshwater Biology

= 133 Agronomy

2 HIEMEYXSIETRENIENLFRAXEE 10 B9FER

Figure 2 Top 10 disciplines on the response of soil microorganisms to global warming.
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Table 2 Top 10 authors on the response of soil microorganisms to global warming

iy fEE R K P HOrE BB
Rank Author Institution Number of publication Centrality Total cited frequency
1 Zhou JZ The University of Oklahoma 55 0.03 3348

2 Luo YQ The University of Oklahoma 47 0.09 2255

3 Michelsen A University of Copenhagen 45 0.02 1306

4 Schuur EAG ~ Arizona State University 36 0.05 2227

5 Yang YF Tsinghua University 32 0.01 2228

6 He ZL The University of Oklahoma 28 0.01 2 645

7 LiuY Sichuan Agricultural University 27 0.00 422

8 Wang SP Chinese Academy of Sciences 27 0.01 977

9 Frey SD University of Newhampshire 26 0.01 2 388

10 WulY The University of Oklahoma 26 0.00 1739

W A 2 Yo sE MEAE A o ffF VOSviewer X
PEXIVEE AR R AT M I B0, il 3

1 Z AT AEBGR AR R, VR S 1
EELAR — ST AT A A Ao 3

Pk 3 R s ACRAREE, B R
T kM Z ;s P 2 AR
R (EENINEE 2 T IVIE (P SN & ¢
PEMERIEE R, BRGNS s
AL BB AT, ARBBE R T4
VR A AR K5 1), Al — B @ PR Bt 57
2B, Bl 3 R ARSI SCRT A, (R R T
SR SRR BEIR I AR SRR R

25 MRUBMEESEXR
% VOSviewer 4iit, L6/ 2 844 MHLAIT

Ji& T SRR W Xk S A A R 14 i) S AE GBI Y
RICEHAEZTT 10 RHIFHLAL A d ERE B
FEI b2 B K2 S EINAIRE R . £ AR IR
NS R e bz fr TR AR (R 3). KU EGE
Flk 51-489 %, HA- O EERTS 0.01-0.14,
Horr, RS R S RV R R =R, &

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2286 WAEY

2

FiE Rk

Microbiol. China

Waullschleger, Stan D.

Schadt, Christopher W,

Billingg.@hgron A.

senhauer, Nico" (
Reich, Peter 9;\@
Delgado- Baqucrbf), Man

Singh. Braj

Wang, Hang

| Lec Yookiung® Lt Xidoyu
Pan] Genxing

Greer, Charles W,

Vincent, Warwick F.

3 TEREVMNSIEERMREAREZEESEXRRNEE

Figure 3 The network map of the cooperation relationship between the main authors on the response of soil

microorganisms to global warming.
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Table 3  Top 10 scientific research institutions on the response of soil microorganisms to global warming

HEF FHIFPLAY R S AN RN i) Il 2%
Rank Scientific institution Number of publication Centrality Country
1 Chinese Academy of Sciences 489 0.14 China

2 University of Chinese Academy of Sciences 197 0.02 China

3 University of California 184 0.05 USA

4 United States Department of Energy 179 0.02 USA

5 The University of Oklahoma 162 0.03 USA

6 Helmbholtz Association 146 0.02 Germany
7 University of Copenhagen 105 0.07 Denmark
8 Tsinghua University 60 0.01 China

9 Arizona State University 56 0.03 USA

10 Colorado State University 51 0.04 USA
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Figure 4 Network map of the cooperation relationship between major scientific research institutions on the
response of soil microorganisms to global warming.
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Figure 5 Top 10 countries on the response of soil microorganisms to global warming.
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Figure 6 Network map of national cooperative relationships on the response of soil microorganisms to
global warming.
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Table 4 The top 10 keywords on the response of
soil microorganisms to global warming

Hory  RHn IRN g
Rank Keyword Frequency  Centrality
1 Climate change 926 0.11

2 Carbon 422 0.04

3 Temperature 394 0.02

4 Microbial community 355 0.02

5 Respiration 354 0.03

6 Response 333 0.01

7 Diversity 316 0.02

8 Organic matter 288 0.02

9 Temperature sensitivity 279 0.01

10 Microbial bioma 276 0.06
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Figure 7 Network map of keyword clustering on the response of soil microorganisms to global warming

(timeline view).
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x5 SIASURKRIERT 20 FIRILK A
Table 5 Top 20 keywords with the strongest citation bursts

KA RPGRE  IHA G Time: 1999-2021
Keywords Strength Begin End
CO, 5.56 1999 2006
Global warming 5.03 1999 2009
Nutrient 7.76 2001 2011
Growth 5.61 2004 2011
Soil nitrogen 5.34 2004 2012
Denitrification 4.69 2005 2014
Microbial bioma 7.02 2006 2008
CO; flux 6.58 2007 2011
Carbon cycle 4.89 2008 2012
Plant growth 5.01 2010 2013
Elevated CO, 4.93 2010 2013
Carbon cycle feedback 5.05 2011 2016
Thermal adaptation 5.56 2013 2016
Phospholipid fatty acid 4.73 2013 2016
Release 5.52 2014 2016
Meta-analysis 5.24 2014 2017
Nitrogen fertilization 4.87 2018 2021
Heterotrophic respiration 4.56 2018 2019
CH, emission 4.84 2018 2021
Greenhouse gas emission 7.89 2019 2021
FAFPURE 1 4E, BMURPUCR IR IR Oy, 53 MR AR 43 3R HAL AR 0y

Each bar represents a year, the thicker bars represent the years of keywords burst, and the ordinary black lines indicate other

years.
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