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Research progress of greenhouse gases in paddy fields in
China: Based on CiteSpace bibliometric analysis
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Abstract To systematically reveal the research status, hotspot evolution and collaboration networks of paddy
field greenhouse gas emissions in China, bibliometric analysis was conducted on relevant Chinese literature
retrieved from the CNKI academic journal database using CiteSpace software. The results show that: 1) Due
to the influence of domestic and international developments as well as relevant policies, the annual publication
output of domestic research on paddy greenhouse gas emissions presents obvious phased characteristics, which
is divided into initial exploration stage, rapid development stage and stable development stage. 2) Research
institutions are mostly agricultural universities and research institutes, with a large number of research institutions
and scholars, but there is relatively little cooperation between institutions and scholars. In the future, it is

necessary to further strengthen exchanges and cooperation. 3) The research content is extensive and
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deepening, mainly focusing on the emission characteristics, influencing factors and emission reduction measures

of greenhouse gases. Among them, “carbon neutralization” “carbon footprint” “ratoon rice” “rice-shrimp co-

cropping” are currently hot research directions. This study summarizes the research progress and developmental

trends of China’s paddy field greenhouse gas research, which can help identify current hot research topics.

The findings offer theoretical references for researchers to expand research dimensions and furnish evidence

for policymakers to design targeted greenhouse gas mitigation policies.

Keywords China; paddy field; greenhouse gases; CiteSpace; bibliometric analysis
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Fig. 1 Number of papers on paddy greenhouse gas research in China from 1991 to 2024
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Table 1 Statistics on publication output and affiliated research institutions of paddy greenhouse

gas research in China (Top 10)
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The size of each node is proportional to its publication output, larger nodes indicate more published papers. Each node denotes the first
publication year of the corresponding institution. Links between nodes represent cooperative publications, and thicker links signify higher cooperation
frequency. The same applies in Fig. 3.
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Fig. 2 Co-occurrence map of core publishing institutions on paddy greenhouse gas research in China
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Table 2 Number of publications by authors on paddy greenhouse gas research in China (Top 10)

HE# 4 RS/ WK SCAE Ay
Rank Author name Number of publications First published time
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Fig. 3 Co-occurrence map of authors on paddy greenhouse gas research in China (Core author)
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The size of each node represents the frequency of the keyword, the larger the node, the higher the frequency. The color at the node center
indicates the year when the keyword first appeared. The links between nodes represent the co-occurrence frequency of keywords, the thicker the
link, the higher the correlation between the two keywords. The color of each link represents the year when the two keywords first co-occurred.
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Fig. 4 Co-occurrence map of keywords on paddy greenhouse gas research in China
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Table 3 High frequency keywords and high centrality keywords on paddy greenhouse gas research in China (Top 10)

HE44 e AU K B 1 LR/ HE44 e HR O TR G i A G T
Rank High frequency keywords Frequency Rank High centrality keywords Centrality
1 1 e 157 1 i HE 175 it 0.42
2 i 142 2 AL 5 0.29
3 7K 124 3 HE T 1 0.28
4 AL T A 109 4 K H 0.25
5 A W I 98 5 K FE 0.23
6 Fili F34 H 83 6 R e 0.22
7 T 2 3 58 7 iy 0.19
8 fid | A+ g 55 8 Fef H A 0.18
9 W T 55 9 i 13k W 0.17

10 I gk e 38 10 171 sk i FHE 0.17
3.2 XEEARBESH (LLROBE®E 7= T 194 4 ia BRI (K 5, H

% B ) 2R S TR 4% PR R R G B T A% BROCAR L BRBR{E O 0.829 5, W R IS LM L 3, M S A B Al
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Various colors across the visualization stand for separate clusters, overlaps mark keywords belonging to several clusters. Cluster numbers

correlate negatively with cluster size, lower numbers represent bigger cluster size.
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Fig. 5 Keywords clustering map on paddy greenhouse gas research in China
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Table 4 Keywords clustering related indicators on paddy greenhouse gas research in China
KK REHWR L £ N % 5 RES RAELW RAERN A
Cluster number  Cluster name Cluster size  Contour value | Cluster number Cluster name Cluster size Contour value
£0 LIRS 50 0.964 #10 RS QI 21 0.915
#1 7R 34 0.938 £11 T A I8 1 21 0. 980
#2 fa il 30 0.976 £12 W R 21 0. 956
3 iR ENe 28 0.967
# LRSS #13 Bl H A 17 0.948
#4 I = AUk 27 0. 964 -
_ %14 K & 16 0.983
#5 IR = A= 26 0.976
15 Ll 14 0.990
%6 A 26 0.959 B W
£#8 IKFE L 25 0.978 %17 1L e 10 0.995
#9 Rk 4l 25 0.968 #18 7 ) 484 5 0. 980
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Fig. 6 Keywords time series map on paddy greenhouse gas research in China
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Table 5 Statistics of keywords burst strength on paddy greenhouse gas research in China (Top 20)

B R U 2k
4 i Ay iYes Ay Ay

Rank Keyword  Year of Burst Beginning Ending 1991—2024 %
appearance strength year year
1 ke 1992 4.08 1992 1999 e e e e e e e e e e e e e e e e e e e e e
2 HE 1997 4.14 1997 2010 e T e e e e e e e e e e e e
3 TEH 2003 4.33 2003 2009 BT —
4 AR 2004 2.75 2004 2012 R —
5 KR 2005 4.45 2005 2008 B e e e e e e e e e e e e e e

6  =ILFJR 2005
7 faH 1992 10. 30 2006 2011
8 KW e 2006
9 MREHL 2008

w

.41 2005 2011

.95 2006 2008

= w

.58 2008 2015

10 % kR 1993 3.79 2012 2014
11 A2 fk 2013 4.18 2013 2016
12 ¥R 2016 3.97 2016 2018
13 WK#EM 2016 3.93 2016 2020
14 A 2007 3.72 2016 2017
15 AL 2010 3.74 2018 2020
16 Z0Esia 2004 3.20 2019 2020
17 g 2021 4.07 2021 2024
18 Tk 2 ik 2014 8.23 2022 2024
19 FAFH 2019 5.35 2022 2024
20 FEEFEEAE 2022 4.25 2022 2024

T = 28 PSR JEE S e S 1) A R S R 1) B P H A 3 1) 9 D M K R R R (B, 3% W0 PR I I B A 2 B Y G TR B B B (B ST AR
JEE M o A (2 R 3R S 3 A — I B ¥ A B 5 MR (kR R S B IR A X — I BE 28 th B (H R R B R BUR S s 4L AR R

7R KR X — I BN AL TR IR

Note: Burst strength reflects the magnitude of a sudden surge in the frequency of a keyword’ s appearance during a specific time period, the

higher the strength value, the more significant the increase in research attention and the greater the research interest during that period.

Light blue segments indicate that the keyword had not yet appeared during that period; blue segments indicate that the keyword had

appeared but had not yet reached burst status; red segments indicate that the keyword was in a burst status during that period.



5114

BORRAE P EAE IR = AR I U R « 56 T CiteSpace SCHR Tt 43 #7 293

2020 4F J Bl H ORI R SR A 45 SC B ) L T B
R, H— BRI LA 2 # T I R

B 204> S BLOC | A A7 9 2, ] LIRS O HE ik
FRAE 2 TR 2R TRCHE R O L 22 BE AR A S BUR X
TR HHEHCRIEA SR A - H ™ “HE”
o - N 1= SRt =gV O A= o2
SRR R R R A SR AT R R R
R AL AR A AN RS 5 5 A T A G
B AR I S e CROKHER” A HLE”
CHFERTTMCREAR AR S 2B MR A
Trala” s SAESBORM R A P 7. X 53
SR TR A B SCHK

4 g

4.1 HEFHEEREXHSH

MR S BT AR AL oK F 3R E RS IR = SR
FEAE F A Ry W5, P I BT A2 2 E N ANE BOrn
BOR AR 52 m S T B R R . 20 28R
CH B B M 78 Al HE 2R 8 2 )P A Rk v B R
5 A (EA DX 9 TRAT SR, 32 9K % 3k R 5 N 7R
A B HE T AT O R R R IR B P R IR E R
I Z A0 AN Sy 7R R AR U HE 55 o TR B IR
BN R A R R v B AN R L 6 R AR D HE R
VEE SR, Bk o6 T R IR 2= AR I A 5T A X IR
Gz o 2007 4F, & B KA xS A AR B K Dy
FV B & v R v B — A il A T RS
AR AL | R R E K . 2009 45, 3 [ 1 5 AW
LA R 25 bR 38 3] 2020 4E B A GDP — 48 1k Bk
HE B EE 2005 4F F B 40 %6 ~45%61 ) 3K — 7K 5 AR
& T AE bR A TR B I A R [ s T AT
I — B 0 3R B 4R B 2 5 3R & AR
Hetl TAERBFSE . 2010 4F,“ + V8 &) b i
YRR B B B CBA N, GDP s HE O KA B A5,
— Al T IR AR . 2016 4F , vp [ HEAECE B P
FE ) IF RN S 5 2R A I YT s 2
NG E . TECE BB E )RR | BEE AT 3
AW R AL A B & R Sk AR A, R RS R A
WFIE 00 2 T8 Je b i . 20204 9 H, L F £ 15
b RS E RS — RS EE A, T ERE
14 2030 4F R S5 B ik 35 1§, 2060 4 FIFSE B AR
FS R ™ H AR AR DLk R B 51 44 Bk
AT 8h . A 20 2K Lok, d [ 78 iR = S AHE ik

R RS EL T EHS SRS 57—
B S5 BUR G SU R R G — e  ife
By 1 3 [ A R S R I A R A S ket R
XA T, T 2 A B AU
HHEA TS HY .

4545 MLF 3 B PR3 A0 VR AR A L B T L
WA FIAE & S R R BN, BE h A 7R B 2 K
N7 /NI A R 2 T T YR TR A
AIF 5 AR 9 T 5 7 d B i, X AT R TR T oA R AL
D S e (SR N B e S B T AN R S O A ) |
SRAEARSC U B A, W E A R L, g
A WU TE RS B 2 AR UL 75 19 27 AR R, ]
DS Bu NI e IN SRR TR S I R (Bl
T WA SCHUM ST R KT, HE4 /T 10 AL A BIF 5T
BLFG LAl 2 g A MTBHIF Be Bir S =, 36 W JHG A A H
I BT S SR A T AR X AT AR T X
AL 38 B A TR B0 Ll B A AR
B, A S A BE 5T 07 0 R A I H 8 R RE S 3RS AL
IR L SURHIT WE 4, ok S Ay L T R g B AUF 5
Pt T A

FE T 1A i TR 3 CIEL 6D N g BR o B 45 i
(% 5), K T8 A R 2 SR 50 1 B0 3 A2 4
4y R 5 ke SCBY B CBEL DAY R A 3 A3 . LR A
HEBCRFAE 52w PR LA B 0 HE 15 it 3 4 4 B 43 31 4y
BT 45 B B (9 BIF 5% 6
4.2.1 #WIE T RIS AR A

A0 TR E B B i B B O B m] 1 o A
A7 T S 2, DL B e CR 2200 “ HE il 38 & 7
CHORTEHN L, X RPN EERET
T H CHL HE e 56 A R A A9 000 2, G 3 2 [0 200 06 it
PN b Xk Z5 A8 T CHL HET i 3 F 57

PR K B B A A AR SRR By
BIC {83 5 WoR HAE 2012—2014 4F 2 # 5 B
R R S TE SR B bR B O S
CHUBE T A A SR R W X AR AR A T
A A B — CHLHE T 53 B 1 i 21 22 20 43 il & <R
I3 [ HE TR AE B 4 BR 3G TR W A (GW P, 48 78 — &2 if
[i] 5 B P, B A 5 SR A X T COLBT ™ A g B
ORI LR B IEAL o 7E —TE XA VE R G
FEh R B, NAE KRR e AR &R g2 0 CHL HE = Fn
GWP i &, L - K AF 5 AR R 2, IR PR - 7K A 6 A o



294 0 LN ES I Y NS S 4

2026 4F 55 31 %

I 5 25 52 20 H] NLO HE B A1 GWP T 835 22 70
[ B, < = VTS JL 7 (B 2 7 ) 46 Xl O Bl 4] 4 5 1)
B, T HEBCRE B 58 19 25 ) 5 o

FaE K BB B il (R 2B E15) Y A Pk
R G B B (H AR 2022—2024 4F 2 BEL, 2 BHL
5 B A B 8. 23, X A ki B W 5% A A AR HE il
I 4= A iy JE S Bk HE BCPE # , 5 i o T CR 2B #13)
] 5% Ik W TV B L 2 P N
4.2.2 AEWIRETAARHAY 0 B E AR AR

RV ZE 7 = PR I T W R 5
7 3 S LRI 5T T G TR A it X CHL HE
IGRER: 3 TR

U KRB B RUIR T CREE6) T AR Z I B
B, 5 RS pfm F 2 7 (2005—2008 4E 5 B |
“HRK it AR 7 (2006—2008 41 58 B A5 B R . A
5% % B, AR Rk 25 70 i A et %o 3 2 /<04 HE il 52 i
3, K it JC AL UIE 8 4 380 NLO HEC
CREAT AR 7 CRIEET) T K HE L5 15 5 ke 3 F
5% 0> DB IR R A0 B ) 2 IR R BAE SR A R 4
WF5E o b X 3 1 AR A6 FE VS KRG IX A BiF 9% & B0, 7E 7
FF B AR 48 ) E I o7 3 R A CHL HE R, L
AN 2 1 NLO HE IR B B 3 n e, A i gE R
55 3% S KA L, 10 3SR HE IR Y CHL HE il 25 0
A ARSI T NLO HEBOK S 18] B 8 2 AR
T GWP Flili &= S 458 B (GHGI, $5 #0717~ & 1Y Il
e 7N o R [ 1 O O [/ Y A I = £
2013 4E - HA B, JF T 2013—2016 4E B WL 9 B, b
BEIRASL IR N F N ABTRAEL . BF5R &
P, FF B COL M BE CeC O, IE 33 384 i B A4
FUK R AR K, 1 T 38 0 o F B o B 42 1 A LR
(WRRVURY MR W E sy, 528 b
B3, DA S 0K RS A CHLHER . eAh, S
7 B AT LA Gk 398 I i R A i R TR A S ok 4
I NLO HEC R KR b B 7T S R
FEARHE & R A T 16 B R B 5 1) 22— AN TR A R
IKFETEMR Ry W) E KRR mi A e 22 5, il

20 - HE A W 3R B RN = SRR, Bilan, —

AP 7 KRR A T o AR AR R T A R A WA )
T CH,ATN,O B HE il /&

FaE & REB B IR A IR (R K Z1DE R R
i 75 Ak 1) 4 Ak 7 1 A TS R s 1 B, BRIE T 7 1)
0P IPRS

4.2.3 #WEE AR RALY

AL IR R B B B B s R AR OC A O B ) A8
M A UCHERS T R, 5 3R 5 Y CHE R i AR
2004—2012 4 1y 5 459 9 BAH XS Bz o % B Bt 5 DA
FEVERR DY S 3, BLARH R B4 0 AN i

PR K By B TR 6 R, T KR s
A PUIE S R e iz B B R il L, 5 R 5 %
5 P 7 (2016—2018 4F 28 Bi) Ml “ A HLAL " (2018—
2020 FF KB R & . X KRRk AR
AR HE 15 it 1) 280 SR 56 I B B T R T LA K B A Ak R
Wl B AR AT o TR, Az 9 5 ok 7 o
K, BB TR A R R R B A A S AR
R Ab F iz B BoR i, S R ST R R E R BB
A A L v b BRSO K B[R] S B CHL 8 HE
23. 2% RG22 e VR M EE T R AIR 42 4F NLO HE ik
T 86. 5261, LA A i B O Tk v HE 1 AR B

R o R B B« 81 6 A7 MK sy, R R A 7 4
A7 B2 Y DAL R AR 2 1 e e 255 5 P R B 2R A
B A YA | i B 1 kAR R AR 2 R /D IR
B ARHERC, R T W HE— 3 7 — 3 £ B bR P
[ 9 307 7 1) o — LA 6 K R - sl 4 3 A CHDRE S |
i FEUR REE RS FR G0 RN K RS BAE B X EE 4R B
FW] KR -sh Wy g% W 3w T 86. 804 1 CHL HE
LB T 49. 2% BYIK AR A, X NLO HEROE B 3
S, Al GWP REAK 12. 9% , GHGIFEAK 4. 9%,
AN, e s HE 75T R RFSLAE A TR B DEAOE
ARl HE e S
4.3 HEBHERESEARNERECERESE

N B & SIS 8 ok &, 3R B 9 3 A6 A DR =
ARG RR P T o AR TS SCER R D
FE] PN 2 3 (0 W 98 R R 3R T 4% 2SI PR Al 3 1) A
ED SR o o - A = NN 51 L B | 5 N3
SR VAL A5 T T 3 % B R A T I T B 5 AR
3 PRz SO T]  Jf re A B

55 [ B[R] 2B 55 A0 B, b RS R = AR5
S DLE B R

1) 58 %% 0 422 18 5 R s 5 BUR 75 oK o DA R IBT R
CHR A T A A AR AR HE BN 249 ) o i 37, 1) 30T 4T >f X B
R B R ORT A G bR B R Can R 1 K SR B BEAR
b B Bk R T 2 BLAR) TR D, R E R R IR A S B K
A B A A A AR, B R AN Y R T e A

DEEEE AR ERIFRA LT, RE



114 BRARIRAE o [ L I ST JE B T CiteSpace SCHR T 437 295
W BL LR, R AR AE S RGBT W M T RS AT & i 55 U1 AH 5C , &8 O HE R AIE 12 1B L5

7R 7 AT R DX A HE R B 2 43 A B AR
L8 = UTAF I A R BT R T K i R A5 LR
T AN TRRS DX 3 £ -

DR RFFORAER RS T, D HAR
R AR S AR Y [ AR € A T I A R R
FER (R ), X S AOR B AR 77 5 A 530085 AH 4
B A BRAE AR B AR & P 4L T 387 JEL i
4.4 RBEBRME

M CNKI B4 e~ 209 £ 88 W 35 7 b B RS W
Tk 28 MR R ) e R 22 B B A3 B R R % 0
H AT, A BT B 3R R R s SRR R &
FVEEAR , I T A ok A B SR TG IE o SR, AR BF AR A
TEAE— B R BR TR, . D iR A7 7 M) X Rk, &
O [F] A P i BN 25 8 B 5 2) % E R AT T
BE 2, 1 15 SRR 2R 30 A2 B, 7F — 8 AR B b 4 0
T SCHRFEAS 2 5 3) {0 28 B CNKI 4 P2 A R B8
U5, R B 5 H At v SO PR AN A e sk o A
I, AS B 5 T A B 00 O 9 A R 5 R TR AN s e [
WA IR, T e 5 B PRATIE A E 2 7. ik
AN AL J5 2 AT A SCER HE B SR AR B T O Il

5 ZitERE

5.1 &g

A 5T il 3T CiteSpace 7] #1146 5 11 & b 5 A4 X
1991—2024 4E i 5 T CNKIECHE B 1 149 55 % T
Hh [ A H R SIS I A G SCER AT T A T L 15
HAnF 4515 .

1) M & SCHF ) A & SCHCRE SR, BUR ™ B A
B B PR RRAE , 32 2 AN SR BOR S AR .
PRW] 43 R 3B B« 2 AP R Y BE (1991—2004 4F) |
P & R B BE (2005—2019 4F) 4 i K R B Bt
(2020—2024 4F) .

2R SCHLA R G AEVE# R E Y i Ag H R =
SR T SR Y & SCHLA R 5 5 5 2 (R HLAG )
MAEH R A ER D 5B N2 5 A 1ELH .
BEAN B 5E LG 22 Sk A 0l 25 v A R0 R B BF B T
Ho g R R 2 A 2 SR A Sk 4 BR LR R AR
] Al B 2 BE Al R 5 AT R SE R RO 5 T I
TiE W & SRR Z MEE .

3) 4 A sl R B R BT 58 B4 p ok
A, T RS R = SRR N AR A S R R BUR

Mg DR 2% A BT 380 980 HE 5 G F 5T 0 e R R BE Ok . TE
HETCB IR 5 1, W5 4 7 1 oK 0 A8 B AR A B OIS
FIR RN AR AL A /KR i b 45 5C i TR 1 19 £ 1
AL 5 2 W A i T, AIF 5 S B O R A Y B
T HE - UK o0 A8 B A AL AR AR BOR , B JLAR
(19 P 25 A R AR LG 1 25 g bR ) B AR 45 5 0 B 0
HER AR, IF 5 B v R B AL 3 A RO A T X

JICA 24 R E BT S 3
52 RE

AT AL T 5 1) 58 B3 B (38 5) BT 4 7 B9 8
PRl TP R B R T AR A RO SRR LUK
HITBURK ™ H B X A Ml 2 8 % e 138 VI 5K, A LLTR
=7 AR RS TT 1]

15 B 7o % A XY i HEAIL i 5 20 0 Al o U
R AR AR O AR B A U 25 o R A S O A R
A T L 28 MR i HE B S TS T . R R
T U HE N B 258 T A AR U, BUE Y
B LA BR 77 GH AR W X b R AR OE TS R Y 5
A K AN [7) 5 B % 3 45 A8 3008 k1R i 5 AL 25 ) el i
it R ARTY o AR S i B 5T b, N5 AL T 8] 5E 007
WL 55 55 P A A0 S 56 ) L BT 5T, 28 S PE A IR
A A ] 2R A XA el AR BB D 5 AR A AR
O FORE A4 ) 4R AR B

2) e T B A2 30 A% B 7 v B AR AR SR R
Ho AR, BRI IS A R R T U X
IR AT S 7 1) A G B — A HE O B % 1 4 2
i i 39w HE O A o i T A OE SR RS A
I Re AL A AL HE L Y 1 B ARG — i1
AN TR BIF 5 U 2 1) AT R v B 2 . PR, R 2T A ST
T T R R R A R A B O A — B A
i HE B B 38 PF AR R Rl AR AR A DAIE 45 Ak
b 5% 58 5y HL A o

3) X 22 S AL D HE B R AR R g S e
32 UM A R D7 SRR A [ A X
ZF 22 SRR BT D HE B A HE DL AE 4 [ S [ Y 3
WIE o A e AT TS R4 G R A A RS XA AR X
RNHFAL B8 Gk o3 A |l AR ) R 4 T B, I
i ] A 22 S AR R DT 5

£ % #k References

[1] ##HWK, FHEF . LRI 2022 £ TR IZR 3% HUR 22 1m0 T (],



296

0 LN ES I Y NS S 4

2026 4F 55 31 %

(2]

[3]

[5]

[8]

[10]

[11]

BARRFFR: BARFE, 2025, 61(3): 475-488

Yang X H, Tang J P. Simulation of the extreme heat wave in the Yangtze
River Basin in 2022 under global warming[J]. Journal of Nanjing University:
Natural Science, 2025, 61(3): 475-488 (in Chinese)

FHAE, NERE. 2RTER BEEKSSTER]. ZEMEXEER,
2025, 41(7): 59-76

Wang M M, Liu X H. Global warming, inflation and monetary policy[J].
Journal of Yunnan University of Finance and Economics, 2025, 41(7) : 59~
76 (in Chinese)

BE, BT SEEEXNPEBAFALNZMAR: EF 1985—2019F
RERELUANE(BAR EETHNERBE]. BEFREEE, 2024,
41(9): 155-163

Gao J, Yang H'Y. Study on the impact of climate warming on mariculture
in China: Based on panel data from 11 coastal provinces from 1985-2019[J].
Ocean Development and Management, 2024, 41(9) : 155-163 (in Chinese)
B, B, EN, AR, BEW, BRW. £FE, BXE.3F. R
BRESRGEEBNENZSEEREIEREES B[] RERFE, 2025,
46(3): 1666-1678

PangJ, ShanJ, YanY Y, MiaoZH, TianSY, GuoX Y, Ren HQ, Lv T
L, Yan F. Quantitative separation of spatiotemporal patterns and driving
factors of carbon sequestration benefits in the Beijing-Tianjin-Hebei Region
[J]. Environmental Science, 2025, 46(3): 1666-1678 (in Chinese)

LiL D, Awada T, Shi Y Y, Jin V L, Kaiser M. Global greenhouse gas
emissions from agriculture: Pathways to sustainable reductions[J]. Global
Change Biology, 2025, 31(1): 70015

Qian H'Y, Zhu X C, Huang S, Linquist B, Kuzyakov Y, Wassmann R,
Minamikawa K, Martinez-Eixarch M, Yan X Y, Zhou F, Sander B O, Zhang
W1, ShangZY, ZouJ W, Zheng X H, Li G H, Liu ZH, Wang S H, Ding
Y F, van Groenigen K J, Jiang Y. Greenhouse gas emissions and mitigation
in rice agriculture[J]. Nature Reviews Earth & Environment, 2023, 4(10) :
716-732

LiS, LuHW, LiXD, Shao YN, Tang Y F, Chen GJ, ChenZ, Zhu Z Q,
ZhuJ S, Tang L, Liang J. Toward low-carbon rice production in China:
Historical changes, driving factors, and mitigation potential [J].
Environmental Science & Technology, 2024, 58(13) :5772-5783

Chen J X, Zhang JJ, Fu S, Liang S, Wang K. Does the cropping system have
a substantial influence on greenhouse gas emissions? Dynamics and key
factors-based insights from an empirical study of ChinalJ]. Agricultural and
Forest Meteorology, 2025, 374:110805

BFRR. BEM, RE.BAUE, KK, BN . I5E. FEARLEEFRX
AL X AE A R HE AR BRI REREH R, 1992, 5(4): 1-7
ChenZL, GaoJH, Yuan Y, Shao K S, ZhangJ B, YuZJ, Wang B J.
Study on the effects of different cultivation methods on the CH, emission from
rice fields in Beijing[J]. Research of Environmental Sciences, 1992, 5(4):
1-7 Cin Chinese)

Liu B, Guo C Y, Xu J, Zhao Q Y, Chadwick D, Gao X P, Zhou F,
Lakshmanan P, Wang X Z, Guan X L, Zhao HY, Fang L F, LiS Y, Bai
ZH,MaL, ChenXJ, CuiZL, ShiX]J, ZhangF S, Chen XP, LiZL. Co-
benefits for net carbon emissions and rice yields through improved
management of organic nitrogen and water[J]. Nature Food, 2024, 5(3):
241-250

Yang W, Zhou L N, Yao L, Nie J W, JiangM D, Liu ZY, Liu H, Zhu B,

Wang B. Water management alleviates greenhouse gas emissions by

[12]

[13]

[14]

[15]

—
=N

[17]

[18]

[19]

[20]

promoting carbon and nitrogen mineralization after Chinese milk vetch
incorporation in a paddy soil[J]. Agriculture, Ecosystems & Environment,
2025, 381: 109468

Yao X C, ZhangZY, LiK X, Yuan FH, XuXF, Long XY, Song C C.
Optimizing water and nitrogen management to balance greenhouse gas
emissions and yield in Chinese rice paddies|J]. Field Crops Research , 2024,
319: 109621

0T, B, KA, FRG, BT, NEE, BT, KiK. BHEEM
s ) BE X T i AR IR =SR] RURERF 2R, 2024,
43(8): 1915-1927

LiX Y, DengJ, ZhuJ, LiC W, Jiang M D, Liu Z Y, NieJ W, Zhu B.
Interaction effects of straw returning and cropping systems on greenhouse gas
emissions in rice fields in the middle reaches of the Yangtze River[J]. Journal
of Agro-Environment Science, 2024, 43(8): 1915-1927 (in Chinese)
Peng L G, DengSC, YiWT, WuYZ, CuiBL, Zhang Y Y, Yao X B,
Zhang X C, Yang H, Tang X R. Modulation of greenhouse gas emissions and
soil organic carbon in rice paddies through various crop rotation systems
combined with water-saving irrigation: Insights into soil bacterial composition
and functional alterations [J]. Agriculture, Ecosystems & Environment,
2025, 394: 109897

Xu X B, Zhao QR, GuoJ B, LiC, LiJ, NiuK Y, Jin S Q, Fu C, Gaffney
PPJ,XuY, Sun M X, Xue Y H, ChangDH, Zhang Y M, SiW, Fan S G,
Zhang L X. Inequality in agricultural greenhouse gas emissions intensity has
risen in rural China from 1993 to 2020[J]. Nature Food, 2024, 5(11) :
916-928

Sheng S Y, Li F X, Yang B H, Luo T Y. The impact of cropland
displacement on crop production greenhouse gas emissions: Evidence from
ChinalJ]. Journal of Environmental Management, 2025, 393: 127111
BRoi%k, Ext, BEE, §R, IR, GEXE. BHACHNRILELIRFBHE
ESEHRSEMKBEEFERANEZMI]. LERILXZZER. BHRRE
., 2025, 56(4): 690-700

Shao ZZ, Wang B, FengJ C, Gao Q, Wang Y, Hou W F. Straw returning
on greenhouse gas emission characteristics and rice yield formation in paddy
fields in black soil region of Northeast China[J]. Journal of Shandong
Agricultural University: Natural Science Edition, 2025, 56(4) : 690-700 (in
Chinese)

Hifg—, 845, kXm. BEFRULIPCCHENTERERRHEREM®HELI].
AR, 2024, 44(21): 9826-9835

Xia W Y, Fan C, Zhang G L. Estimation of methane emission from typical
rice areas in China based on optimized IPCC method[J]. Acta Ecologica
Sinica, 2024, 44(21): 9826-9835 (in Chinese)

BESE, IR, B, BE, B, BEW, {F, K, B&%, WUEFF. 5
BREEIUUK=ZARUX CO,BEETUHERZMEE])]. £5FR,
2024, 44(17): 7552-7568

Bao H X, Zhang M, Xie Y H, JiaL, Ge P, QiuJL, He Y, Zhang Z, Xiao
W, Liu S D. Dynamics and environmental controls of CO, flux with tall-
tower eddy covariance in heterogeneous agricultural landscape of Yangtze
River Delta[J]. Acta Ecologica Sinica, 2024, 44(17) : 7552-7568 (in Chinese)
NEREF, R, B8, THF, T, XIB, BER. KIIPRTHKBE
FEBBHXEEMERERARGR)]. FEESRLZRPRED, 2022,
30(4): 603-615

Liu T Q, Hu QY, TangJ C, Li C F, Jiang Y, Liu J, Cao C G. Key

influencing factors and technical system of carbon sequestration and emission



%111 BRARRAE P R IR 2= AR

J& 3T CiteSpace CHERIT 43 M7 297

reduction in rice production in the middle and lower reaches of the Yangtze
River[J]. Chinese Journal of Eco-Agriculture, 2022, 30(4) : 603-615 (in
Chinese)

B, B, RIBR, BE, WHER, KRR BAEMNKESEN R RN
HMMEEZESH ] PEESRLZH (PRI, 2023, 31(2): 280-289

Meng Y, Liao P, Wei HY, Gao H, Dai Q G, Zhang H C. Effects of gypsum
application on grain yield and methane emissions in rice paddies: A global
meta-analysis[J]. Chinese Journal of Eco-Agriculture, 2023, 31(2): 280-
289 (in Chinese)

RER, IHHM, RBE. B#EY, BF, HEX, REE. BHIEHTER
BESERAEENGHEI]. FhRLXFZE, 2025, 47(3): 379-391
WuMK, WangZL, WuGY, WeiX S, Tian P, YangM Y, Wu Z H.
Regulatory mechanism of greenhouse gas emission reduction in paddy fields
under straw return [J]. Journal of Jilin Agricultural University, 2025,
47(3): 379-391 (in Chinese)

FREEHS . (REESBEUERAN)ERRAHEEMSRE)]. SEE
WHRBRE, 2020, 16(1): 105-116

Chen M P. Progress and outlook of adaptation negotiation under the United
Nations Framework Convention on Climate Change[J]. Climate Change
Research, 2020, 16(1): 105-116 (in Chinese)

HEE (FEEMSBREURRFR)SERXEIN]. PEMER, 2007-
06-05C1)

Zhan X L. China’s National Plan on Climate Change comes into effect today
[N]. China Financial and Economic News, 2007-06-05(1) (in Chinese)

®IE. PEMAEABRAETHING. BE AR, 2009-11-27(3)

Qian W. China undertakes emission reduction efforts on a voluntary and
autonomous basis[ N]. Science and Technology Daily, 2009-11-27(3) (in
Chinese)

E&k. BEERXTHR T R"EHBESAHERITERRNEMIEB/
OL]J. [2025-12-01]. https://www. gov. cn/zhengce/zhengceku/2012-01/
13/content_1294. htm

State Council. Notice of the State Council on issuing the work plan for
controlling greenhouse gas emissions during the “Twelfth Five-Year Plan”
Period [EB/OL]. [2025-12-01]. https://www. gov. cn/zhengce/zhengeeku/
2012-01/13/content_1294. htm (in Chinese)

i, XK, =4S, BER . (BRBE)NEERBEFHANZ M
R[], Gt 5E®, 2025, 40(6): 53-62

Dong C, Liu X Y, Li M D, Shao X T. Research on the impact of the Paris
Agreement on China’s low-carbon economic transformation[J]. Statistics
and Management, 2025, 40(6): 53-62 (in Chinese)

SHEE . £#%t+REREEXS—RMERHE EMPHEIN]. ARB, 2020-
09-23(3)

XiJ P. Address at the General Debate of the Seventy-Fifth Session of the
United Nations General Assembly[ N . People’s Daily, 2020-09-23(3) (in
Chinese)

FREEHS, XHERE . RS URFAEF KEEARIIFE RENNREESE
R M(BEESEEUERAL)M(EMSHERL)ABII]. £5F
], 2025, 45(16) : 8253-8265

Chen M P, Wen H W. Evolution and trends of “Common but Differentiated
Responsibilities” in global multilateral environmental governance: Case
studies of the United Nations Framework Convention on Climate Change and
Convention on Biological Diversity[J]. Acta Ecologica Sinica, 2025, 45(16) ;
8253-8265 (in Chinese)

[30] BZEE, EBE, ;L E, Schiitz H, Seiler W, Rennenberg H, 2% . &

B LN it X B FR E A PR R e B (7). KSR, 1991, 15D 102-110
Dai A G, Wang M X, Shen R X, Schiitz H, Seiler W, Rennenberg H, Wu
H B. Methane emission from a rice paddy in Hangzhou of China during
growing season of late rice[J]. Chinese Journal of Atmospheric Sciences,
1991, 15(1): 102-110 Cin Chinese)

Hu A'Y, Sun X, Liu Q. Effects of different rotation systems on greenhouse
gas (CH,and N,0) emissions in the Taihu Lake region, China[J]. The
Journal of Applied Ecology, 2016, 27(1): 99-106

WIT, F=H. ERE, RPZ. FKE. ST TFERERRHEMOENS
HI). Rl TIEER, 2011, 27(8): 293-298

Zhang Y, LiY, Wang Y Y, Song S Y, Li C S. Simulation and estimation
of methane emissions from rice paddies in Sanjiang Plain of the Northeast
ChinalJ]. Transactions of the Chinese Society of Agricultural Engineering,
2011, 27(8): 293-298 (in Chinese)

Fak . HLEAT, AR, IR, MNER. FEREHESEERRIEES
KR T]. RAIFRERS, 1995, 14(3): 101-104

Tao Z, DuD D, Zhou Y, Mai G X, Liu X W. Effect of different farming
measures on the methane emission fluxes (MEF) from paddy soils[J]. Agro-
Environmental Protection, 1995, 14(3): 101-104 (in Chinese)

BEE, B, K, BE, NEF, FE, KEK. RIEBEXNPERBESR
TR AR MO RERI]. RUTERER, 2015, 3111 1-9

Xue J F, PuC, Zhang R, Zhao X, Liu SL, Chen F, Zhang H L. Review on
management-induced nitrous oxide emissions from paddy ecosystems[J].
Transactions of the Chinese Society of Agricultural Engineering, 2015,
31(11): 1-9 Cin Chinese)

HouD M, Meng X C, Qin M T, Zheng E N, Chen P, Meng F X, Zhang C.
Nitrous oxide (N,O) emission characteristics of farmland (rice, wheat, and
maize) based on different fertilization strategies[J]. PLoS One, 2024, 19(7):
e0305385

XuD, ZhangZX, Nie TZ, Lin Y Y, Li T C. Simulation study of CH, and
N,O emission fluxes from rice fields in Northeast China under different straw-
returning and irrigation methods based on the DNDC model[J]. Water,
2023, 15(14): 2633

XuY, GeJZ, Tian SY, Li S Y, Nguy-Robertson A L, Zhan M, Cao C G.
Effects of water-saving irrigation practices and drought resistant rice variety
on greenhouse gas emissions from a no-till paddy in the central lowlands of
ChinalJ]. Science of the Total Environment, 2015, 505: 1043-1052

Zhao C X, Qiu R J, Zhang T, Luo Y F, Agathokleous E. Effects of alternate
wetting and drying irrigation on methane and nitrous oxide emissions from
rice fields: A meta-analysis[J]. Global Change Biology, 2024, 30(12) :
el7581

FengZY, Qin T, DuXZ, Sheng F, Li C F. Effects of irrigation regime and
rice variety on greenhouse gas emissions and grain yields from paddy fields
in Central ChinalJ]. Agricultural Water Management, 2021, 250: 106830
Wang Z H, Wang L H, Liang H, Peng T, Xia G P, Zhang J, Zhao Q Z.
Methane and nitrous oxide emission characteristics of high-yielding rice field
[J]. Environmental Science and Pollution Research , 2021, 28(12) : 15021-
15031

YuHY, Zhu R, Zhang X C, Meng X T, Kong C, Zhang G B, Liu X H, Li
Y Y, YuY X, Yao H Y. Responses of yield, CH, and N,O emissions to
ratoon rice cropping and different management practices[J]. Field Crops

Research, 2024, 319: 109622



298 IS [ N SR S 2026 4F 55 31 %

[42] EX=F, 888, RFM, K&k, i, D% ENTFXBEBEFRREN (in Chinese)
TRBHEF M EFRJ]. RAURBERIZFEFIR, 2021, 40(8): 1829-1838 [43] WangC, ShiX Y, QiZM, Xiao Y Q, Zhao J, Peng S, Chu Q Q. How does
Wang T Y, Fan D, Song K F, Zhang G B, Xu H, Ma J. Reduced methane rice-animal co-culture system affect rice yield and greenhouse gas? A meta-

and nitrous oxide emissions from ratoon rice paddy in Chaohu polder area, analysis[J]. Plant and Soil, 2023, 493(1): 325-340

£t g pe
ChinalJ]. Journal of Agro-Environment Science. 2021, 40(8) ; 1829-1838 WG P HY

FE—EFE N RBP4 352 Rl LT A . 25 [ 5 E G 0k i 4
R YT v e X A = A DB R A T L s R AR A TR A A AR SR B T H RS AT I
HI A 48 2 9 it R06F 1 ST HILRR R 28 UM HE B2 e ™ L PG A oo 00 e 7 T gk Dk
BRHE R DX K R B0 ] -5 9 38R 1 82 00 P BRI 58 5 0 T 7 S5 I T R . e b R AR S ARk 240D KR
LB (R 2 O WP B R RIE SCHUR o F A 2024—2025 4 24 2 4

BIRAEE B A W E ), P R R o BUE TR KRB R 0 BRI
T I AT A RN kN BN BAER B R AR A ARl BT RS A AR 5 T
A BRI T AR o 35 A 2o o8 BT SR A 9 B HE At 2% 24 R RHIE T H R AL, 180 90 A% T, 3
e M T R TR B [ P S R K P B N BUEK o R AR 86 L TR [ I AR S AR A AR R 2
BRI SCRE FAE 600 R L SRAFHCE R RO T B (AR GBSO NG
BAEIIF 100 RITIKD o 1997 48 72 3 |6 55 e A K (9 BOR 7 SR I




