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@ BEIBA AN SHBURIEL, RESMBRZEPAOM, HIZRESIHRERERIE L
The size of the circular node is positively proportional to the frequency, the purple outer circle represents the intermediateity
and the thickness is positively proportional to the activity.

@ ERBIA RN IR, AEEREX RAEG I HBOR R
The color and thickness of the annual ring indicate the year of occurrence. The thicker the annual ring, the higher the
frequency of occurrence in the corresponding year.

O W RINAERR W HEIIRIHTIRE, BEXNERIBBIE 4, AR RS

The line between the nodes reflects the relationship of co-occurrence or co-citation relationship of the two, and coler of
the line corresponds to the year of first occurrence or co-citation, and thickness of the line represents strength of the
relationship between the two.

K2 ERAERHE

Fig. 2 Network of co-authors’ countries

=1 1975—20184F E 3 A 1E4FE KSR G it

Table 1 Country Cooperation Features and Frequency Statistics of the period from 1975 to 2018

E % Country A F P Centrality H%L Frequency L)y Starting year
X HE USA 0.46 613 1993
WK Australia 0.20 185 1995
5 E Germany 0.14 170 1997
" China 0.12 735 2003
PYHEF Spain 0.12 85 2007
H[E England 0.11 81 1997
ERA Ttaly 0.10 81 2007
ENE India 0.07 116 2003
P4 2% Scotland 0.06 46 2007
¥:[# France 0.05 84 1996
%K Canada 0.05 125 2000
faf 2% Netherlands 0.04 38 2007
[L 74 Brazil 0.03 70 2002
FE A Belgium 0.03 85 2004

it AR ISR, A MU 4 HWIEL Y, K8k, 20124E 1%, ok
Sz Bobsr veEsR, IR /INERI G R 0.22, Lal R, van Wesemael BB & £ HiE 4

EHCh A oA RTA0M PR, goitHcE B HErp o VARG, AT HAAE S BB R AL
B, g o PE S R A AR A E U T P FruMH0fZhao Y C. Lozano Garcia B%%:
#2. T T e hE2EEIL304, HT75%, 1K

F2Won, VE# B & e B % 1Y & Coleman K, T REEENRSSS5E, RWKRE M LG
RIC10%E, 1 ABE20074E, o rsko.2s, b P R e 2 H
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T2 1975—2018F(EHE AR E R SUR G it

Table 2 Author cooperation characteristics and frequency statistics of the period from 1975 to 2018

TE# AP Ry R HRAE fE# A DY HEL R

Author Centrality Frequency  Starting year Author Centrality Frequency  Starting year
Coleman K 0.28 10 2007 Baldock J A 0.05 11 2013
LiY 0.22 8 2012 Baldock J 0.05 4 2016
Smith P 0.16 17 2007 Feng W T 0.05 3 2017
He X H 0.13 6 2014 Senapati N 0.05 2 2013
XuM G 0.12 12 2014 LuoY Q 0.04 10 2012
Wul S 0.12 8 2012 Wang E L 0.04 7 2013
Lal R 0.09 54 2001 Paustian K 0.03 15 2005
Chappell A 0.09 7 2013 Cheng X L 0.03 10 2013
vanWesema-el B 0.07 24 2005 Yang X M 0.03 9 2009
Zhang Y 0.07 8 2014 Zhang J J 0.03 6 2016
LiuY 0.07 6 2013 Xiong X 0.03 6 2014
LiSY 0.07 2 2016 Rossel RAV 0.03 6 2008
Wang Y 0.06 14 2012 Tang C X 0.03 6 2016
LilJ 0.06 7 2015 Yang J 0.03 6 2015
LiuYL 0.06 5 2016 Luo ZK 0.03 5 2013
Killian K 0.06 4 2007 Zhu P 0.03 4 2015
Chen J 0.06 2 2017 LiHY 0.03 4 2014
Wu L H 0.06 2 2016 Zhao Y 0.03 4 2017
Zhang W 0.05 17 2012 Zhao G 0.03 4 2013
Zhang W J 0.05 12 2010 Zhu LQ 0.03 4 2015
ZhaoY C 0 14 2005 LozanoGarcia B 0 9 2014

B ELIE S5, KRR, BB b Oy, WIS A0 R A M 2 ELE R
Foked, sPIERRER SO A RS, .

Univ Western Australia
Nanjing Agr Univ
Univ Sydney

Colorado State Univ

Univ Chinese Acad Sci

Catholic Univ Louvain

@Univ Aberdeen

Acad Sci = .

Ohio State Univ

Univ New England
China Agr Ui
Chinese Acad Agr Sci it dasd

USDA ARS

Northwest A&F Univ Yniv Florida \CSIRO Land & Water

1975 45 Agr & Agri Food Canada 2018 4%

© BIBASANSHBURIE L, RaIMERGFE A OM:, SR SIGRRLE RIE L
The size of the circular node is positively proportional to the frequency, the purple outer circle represents the intermediateity
and the thickness is positively proportional to the activity

@ B RITEF S HIUEY, AFRREX REAFEA I B R R
The color and thickness of the annual ring indicate the year of occurrence. The thicker the annual ring, the higher the
frequency of occurrence in the corresponding year.

O RMEL R FIIISTIRR, BN RKIIRSHT I, FARR RS

The line between the nodes reflects the relationship of co-occurrence or co-citation relationship of the two, and coler of
the line corresponds to the year of first occurrence or co-citation, and thickness of the line represents strength of the
relationship between the two.

K3 HLME R R

Fig. 3 Network of co-authors’ institutions
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=3 1975—2018FHH & EHHE KSR 4 it

Table 3 Institutional cooperation characteristics and frequency statistics of the period from 1975 to 2018

HLH T AL R AEY
Institution Centrality Frequency Starting year

1 E B} 2B Chinese Acad Sci 0.61 387 2003

% HL3k K2 Univ Florida 0.16 38 2008

BT T K2 Univ Aberdeen 0.12 27 2007

BB R 2 M 57 K2# Colorado State Univ 0.10 39 2003

rfrE Ol RH£BE Chinese Acad Agr Sci 0.07 60 2006

VYA A K% Univ Western Australia 0.07 25 2009

YLl ¥ ZBFFEPE Rothamsted Res 0.06 18 2007

LR FRL 5T 441 USDA ARS 0.06 55 1998

30K 2% Catholic Univ Louvain 0.05 35 2005

WAFIT AL T 4141 CSIRO Land & Water 0.05 20 2006
R, PEBERE P PO R R, T FiCiteSpace S MM ERLS &, HEMAIERFK
THAS WP Bk R, RAET AR A3z m i Mg B, ERRREZR . /E5 . X

B, B 5 AL S 1E RN TR ER B OCR, R4,

1975 4% 2018 4§

O ¥ RINAERR W HIIRIHTIRR, BEX N ERIBBSSIE4, AR RIS

The line between the nodes reflects the relationship of co-occurrence or co-citation relationship between the two, and the color corresponds to the first
contribution or the co-citation between the two, and color of the line corresponds to the year of first occurrence or co-citation, and thickness of the line
represents strength of the relationship between the two.

K4 [ S0 G AR ) B A

Fig. 4 Geographical distribution of cooperations among countries

Kaws, TEAIBITTEAMED T, Bt R PRI NTERR &R o B SHY A RHEE B S
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AL 2 A 7 R B0 P 5 VR R R 55 FHI RS RO MR, Rz, R TR
2.3 FRELIHEEE PRI Z B R b PEA R, U] HAE

PR M AT A B B SCHR 45, s RO R
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SCIENCE & TECHNOLOGY - OTHER TOPICS

WATER RESOURCES GEOSCIENCES, MULTIDISCIPLINARY
GEOLOGY MULTIDISCIPLINARY SCIENCES
PLANT SCIENCES © ¢ECOLOGY

¢AGRICULTURE, MULTIDISCIPLINARY
AGRICULTURE

CeGRONOMY
SOIL SCIENCE
(" ENVIRONMENTAL SCIENCES
A4 ENVIRONMENTAL SCIENCES & ECOLOGY
1975 4% 7 2018 4

@ BIBA AN GHBURIEL, FaIMRRET O, SR SIS IR R E L
The size of the circular node is positively proportional to the frequency, the purple outer circle represents the intermediateity
and the thickness is positively proportional to the activity.

@ AR B RN AR, ARSI REAFA 0 BRSO
The color and thickness of the annual ring indicate the year of occurrence. The thicker the annual ring, the higher the
frequency of occurrence in the corresponding year.

O R R HIIPITIR R, BRSPS R, ARk RURSY

The line between the nodes reflects the relationship of co-occurrence or co-citation relationship of the two, and coler of
the line corresponds to the year of first occurrence or co-citation, and thickness of the line represents strength of the
relationship between the two.

K5 2ARIEEURE

Fig. 5 Co-occurring subject categories
G AR IR BUCGH BRI AL o, RO AT 10 AR T R4

T4 1975—2018FF R HIIFE R ISTUR G it

Table 4 Co-occurrence characteristics and frequency statistics of the period from 1975 to 2018

B SR I AI LI IR IAEY

Category Centrality Frequency Starting year
Rl 22 5 4 2% Environmental Sciences & Ecology 0.43 697 1994
I HE Rl 2#Environmental Sciences 0.40 570 1997
Ak, Z2#FFAgriculture, Multidisciplinary 0.36 154 1995
4 2% Agronomy 0.22 220 1991
fk2Chemistry 0.22 59 1991
fe2E Agriculture 0.16 1383 1988
H: A% Ecology 0.11 280 1994
Bl 5 R Science & Technology 0.10 123 1997
+1E2%~Soil Science 0.09 1136 1988
W5 Environmental Studies 0.09 16 2007

AL R, FIEA VUM ER A E i, K6,
BEPIEME AR AR RLs . K2 B 324945 f, RN S il G Bt ] 30
oAb L REFEFASFESE, BRAZOEEH &, &AME W7 (matter) , AKX
sl , HASBIYBRF200045, Ui 2ER 2 it g “EAE” (sequestration) . “HIEA LK

[ A2 H A 2% (soil organic carbon) . “Z” (nitrogen) .
2.4 KBEIRHINEE “#h¥” (dynamics ) . “HEHH”

KRR EE BRI RIL, AT CE (management) . “fFfif” (storage) . “+
M) FE LW RN, SR IR o B A A TR Y HWAHHH” (land use) . “fEAEM” (climate
TR AR T R R e O e, H BT change) MO “HRE”  (tillage ) 4%, 3 HLAR
¥ MPath Finder ( S5 ) AR CHAILBIE  BUBRAIES =, SREZEN MR EE,
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forest

turnover
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2018 4§

The size of the circular node is positively proportional to the frequency, the purple outer circle represents the intermediateity

and the thickness is positively proportional to the activity.

@ SERR B SR AR HIVAEAR, AEARRUTRS MR BSOS

The color and thickness of the annual ring indicate the year of occurrence. The thicker the annual ring, the higher the

frequency of occurrence in the corresponding year.

O A RIAEL R HIIRIMTIRR, BN BRI S, MRk RIS
The line between the nodes reflects the relationship of co-occurrence or co-citation relationship of the two, and coler of
the line corresponds to the year of first occurrence or co-citation, and thickness of the line represents strength of the

relationship between the two.

Klo i) 3L BLIAT 1 A5 AE

Fig. 6 Keywords co-occurring spectral feature
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SCHR 22 U5 | S e 1 BF5E 5 1) Bl 3 ] ) 2%
YIRREE, Ll n] 20 B AT 4R 58 i 90 S0l i 1 o5 4 8 %
Hk e, ETRIERKEEHITAZSIRE, 7]
PEHUR L 8]

HoAl B E ) A, FE R R PR IR FEtitle
abstract, author, keywordskeywords plus, 77
JE SCHRAE X5 (citation reference ) , i&f7
findclustertdf 17 H &2, 25 R ILE 7.

B9 134T 5 52 76455 LRI AL T 144558
ROGHEL , R U] A P50 5 vk i HL Ak 32
RZ .

XA R IEAT AT, 1SR BRA A & R
B NE LHAARNEE, F1TRe6.

2% 25 41 0 B e B S R AT e T
iR TR

kw5 1, Schmidt M W I “Pers-
istence of soil organic matter as an ecosystem
property” 51 KHF K107, Davidson E
A “Temperature sensitivity of soil carbon
decomposition and feedbacks to climate change”
W2z, Schmidt M W I, Laganiere J. Don A
Rumpel CA52#3H 1Y SCHRA AR B A2 X, Wk K
UM, DB X S SO (A BRI, W
B LA

Ak gs R R, BT SCER It & i
Citespace I 7E CHE R . MR . WK, kg%
SR 3 A AR B 7 TR B R R, R AR S
TERCIE AR BT B: “soil organic carbon” fF Mi&k ik
HATR R, 1920 SO A T AR IR R i
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Table 5 Keyword dynamic change based on time zone view and research hot spot trend features
W B AL
P I 55 )32 JEHT10 B B ) K AT AR KA B AR Ak " :

Time slicing

Top 10 keywords and its frequency

Keywords change

Research trend

characteristics
1991—2002 Matter ( 886 ) Management (200 ) Y (matter ) +HEE VLR B
Sequestration ( 667 ) Storage (320) A4 (turnover ) &, BHESEHE S
Soil organic carbon (557) Tillage (230)
Nitrogen (486 ) Microbial bioma ( 194 )
Dynamics (399) Turnover (124 )
2003—2012 Landuse (319) Agricultural soil (160 ) YD, WF5E A MLERAEAS [F] 45
Climate change (308) Quality (151) BT LIt 24 BN, A20034E 166 +
Landuse change (209 ) Vegetation ( 146 ) BB B HEAT HLRI Ny v [ F 5 4
Stock (196 ) Impact (126 ) A
China ( 189) Forest soil (112)
2013—F4 Spatial distribution ( 19) Ecosystem service (10)  JCHEEMR S EdE  ZRHEARNH T LA

— TR, BRI
W32, M T Ik L
GoRelpin

BUBRBF 52 4038, ~FRHRIY
ANEIRZ i, WFFE4 0
BEHIT AR 22 2

Plantation (9 )

Australia (7)

Crop yield (6)
Random forest (4)

Stabilization mechanism ( 12)
Paddy soil (12)
Long term fertilization ( 11 )

Microbial community ( 10 )

#8 adopting conservation tillage

~" #10 chemometric analysis N7 ol

\
\

anic carbon stock change |

N\ \ #11 organic carbion manp
7 - [/ # management index e e atioe
S —=2, #7 organic carbon stor
\\ 0" orpanic carbon Stook. | Py A
\ '#2 northeast china 1 \
/ _#12 plant-atmosphere model daisy
\ 2 piy -
#€ isolating stable soil 2
#3 minaral fefidition : /

: \\\//// X
Gk

© BBA RN SHBURIEL, FasMERGE A OM:, HZRE SIEIRE R IE
The size of the circular node is positively proportional to the frequency, the purple outer circle represents the intermediateity
and the thickness is positively proportional to the activity

@ SER B RN A, SEARRER ARG BRI G

The color and thickness of the annual ring indicate the year of occurrence. The thicker the annual ring, the higher the
frequency of occurrence in the corresponding year.

© WA EL R W FHIRIEWTIR R, BAX PRI -, FANR Bk RS
The line between the nodes reflects the relationship of co-occurrence or co-citation relationship of the two, and coler of

the line corresponds to the year of first occurrence or co-citation, and thickness of the line represents strength of the
relationship between the two.

K7 SRR w5 | PR

Fig. 7 Document co-citation network
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Table 6 Main research content and representative authors of each group
2
ﬁm Bl Lt i i) 25 i FEHITNE
N Group topics Time slicing Main research content
Code
#0 ML A 2007—2016 WIS R E Z S Ry 32, HAS- 137 S50 ZE AR UL s, & 30Dt SRl
SCULAG b S BCR BRI AR 0. 12T 5 X385 i L b A
FHARARIWE Y, ASE S 28 4 b ) S AR Ak 2 3500 58 ML A iR b
O MR ARG SOCHK 1k YR ME [T, 5 MR 35 b R 52 SOC Y TR 3%
[7]
#1 ST 1998—2010 B+ AT ML RO AR C I 2 5 M P2 AR Ak A L
ieh R ) U ML IG5 AR A DL B
JJ [10]
#2 o E A 2002—2012 SGAE A TR A I S L B SRR AT O i, AL
Cha IS S
#3 Wy 5 A 2010—2017 bR S Al
#4 1997—2013 TR B0 DR R T I i BRI ST 8E 5 T 2 K AR I S 8 2 Bk
+ 8 LA 1k B E N T BT, AR FEEE A R R, Atk
Eoyeaiini
#5 RELHE 2003—2016 UERISOMIWAR 8 M -l IAE . ARl O K3 D DR 3 I AU 1) L 3¢
ﬁ&*ﬁﬂ [16]
#6 SRR AL 1987—2004 FIH BRI A PLET (SOM ) 43 RN e e LA Bl soC
P, BB bR LT I SOCE AL 1T
#7 A LR AT 1994—2006 I v ) 5 k4 ] 4 At s A e ) S L A B MR
FBIRSOCAEML,  Fudse i B B RN HEBRVE 39 BILAK (¥ 43 7] 3 A A fidh
ﬁ [18]
#8 3T R LR BEAE 1994—2004 AE 39 I BE M X O HE S A 1B X SOMBH 32 fry S 1
#9 (ESLIEN 1998—2009 fff FH— A~ 1 2 A three-poo LB AU IE I ASESE A9 SO CHLFRUE B SOC X il i
oAU
#10 fh2 -4 T 2002—2016 F5 T I 3 0 e g v ) 45 g B e
#11 A B ] 1998—2008 VEAGHARE RSN 23 (A5 B (MR JE M ) W5 i 58 C i 2 (4l i
L:’EL [22]
#12 TP KA Daisy i Al 1991—2003 R B BRI SE 56 0 AN B R VEAS LA R HEA B , SR
YR B 2% S 10 T RE SR 2
#13 e 2008—2017 PRI T RS L3 LR A AR R DG R Y

B, rTPIEM R E R . EH LA Z [ B S 1E %
Z, Wik R LI S SCER S 5 1
TRERESE T ) BT A . RIEA LRSS T
1991—20024F A2 2 BBt . 2003—20124F 1 & Ji&
BB, DLA20134EDICEMRREN B, IFHW AZ
AL, 2R SR ] AT IE 3 20 4L 904F AL,
Horpfelr . 3 FRBRAUA AR %, RET 4y

S it R AT SRR b SR A A S 1) B 144> T
WEFERTTT S e A LR R . A RIS .
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Research Progress on Soil Organic Carbon Based on Map of Scientific Knowledge

Abstract

TANG Haojun' LI Haiping''

CHEN Wenyue’

TANG Jialiang’

(1 School of Environment & Natural Resources, Renmin University of China, Beijing 100872, China )

(2 China University of Geosciences ( Beijing ) , Beijing 100083, China )

(3 Changdao County First Experimental School, Yantai, Shandong 265800, China )

[ Objective ] In order to review progresses of the research on soil organic carbon,

2 258 articles on soil organic carbon published during the period from 1975 to 2018 and pooled into the

core set of the ISI Web of Science database were cited for analysis. [ Method ] Based on co-citation and

pathFinder, CiteSpace was adopted to evaluate the collection of documents in a specific field to explore
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key paths and knowledge turning points of the evolution of the science field and collate key documents
and quantify their corresponding features in the literature, so as to analyze potential dynamic mechanisms
of the evolution of the discipline and search for development frontiers of the discipline. CiteSpace is
composed mainly of cooperation network analysis (cooperations between authors, countries and institutions)
co-occurrence network analysis (characteristic words, keywords, discipline categories) and co-citation
analysis (documents, authors, co-cited journals) and some other functional modules. Data were retrieved,
processed and introduced into CiteSpace, with time slicing set as 1975—2018 and Year Per Slice as 1
year; Country (Country), Author (Author) and Institution (Institution) selected as node type (Node Type)
in turn; annual citation frequency (Top N) being 50 in rank; national, author and institutional maps
generated and knowledge patterns, such as basic characteristics, cooperation characteristics, literature co-
citation and keyword co-occurrence, analyzed. [ Result] (1) Except for a slight decline in 2006, 2011
and 2015, the annual average number of published articles showed an overall upward trend, indicating that
the research on soil organic carbon continued increasing; (2) The study on soil organic carbon has gone
through three phases: initiation, development, and stabilization; (3) The study on soil organic carbon is
highly interdisciplinary, involving environmental ecology, environmental science, agricultural integration,
agronomy, chemistry, agricultural science, ecology, and some other disciplines; (4) The current hot spots
of the research are concentrated on soil organic carbon reserves and separation and stabilization of soils;
(5) Research tends to deal with management of carbon reserves and cultivated land; and (6) The study on
soil organic carbon in China started quite late, but has been developing rapidly, and is now in an important
position internationally. [ Conclusion ] As an effective tool for analysis of knowledge maps, CiteSpace
can be used to clarify the cooperative relationships between countries, authors and institutions in the field.
So far, a total of 56 countries have cooperative relations. Although China started late in the research, it
has a huge number of researchers, stands on the top in number of published papers and has established
close relations with other countries. The study on soil organic carbon involves a wide range of disciplines.
Intercross of disciplines can be traced back to the 1990s, and the intercrossing of agriculture, soil, and
environment sciences is relatively frequent. The research on soil organic carbon can be divided into 14
topics, with soil organic carbon reserves, mineral fertilization, separation of stable soils, stoichiometric
analysis, and residual soil being frontiers of the research.

Key words Knowledge map; Citespace; Soil organic carbon; Visual analysis
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