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Abstract Chmdte denng can increase soil temperatiire and ledd 1 soilfcarbon release, but it can also dncreasessoil organic carbon by increasing primary produ(tmty
Croplaiid 50119 dre consider®y to hdvre a huge potential ito sequester ¢arbon howelvg;r dl'rect observations for the responses of croplandisoil organic carbon to climate warming
over broad geogtaphig/seales are rarely documented. Paddy sail is oneef the im'ﬁ&_i;mt'fthllivated soils in China. Based on the data of 2 217 sampling points obtained during the
second naiondl soil survey_and the data of 2 382 sampling points collected"diiring 2017-2019, this study analyzed the change characteristies of soil organic carbon content of
paddy surfaté soil in Sichuan Basin of China and explored the relationships between the soil organic carbon change of paddy soil and temperature, precipitation, cropland use
type, fertilization intensity, and grain yield. The results showed that the content of soil organic carbon of paddy soil changed from 13.33 g-kg ~"t0 15.96 g-kg ™", with an
increase of 2.63 g+kg ™", suggesting that soils in the Sichuan Basin have acted as a carbon sink over past 40 years. The soil organic carbon increment of paddy soil varied with
different geomorphic regions and different secondary basins. The increase in SOC content in paddy soil was positively correlated with annual average temperature ; negatively
correlated with annual average precipitation; and initially increased and then decreased with annual average fertilizer application, annual average increase rate of fertilizer
application, annual average grain yield, and annual average grain yield growth rate. The relationship between the increase in SOC content and the annual average temperature
growth rate was different under different farmland utilizations, and the increase in the annual average temperature growth rate had significant effects with the increase in SOC
content only on paddy-dryland rotation. These results indicate that the paddy soil organic carbon change in Sichuan Basin was co-affected by various factors, but climate warming
was an important factor leading to the paddy soil organic carbon change, and its influence was controlled by the water conditions determined by farmland use.

Key words: soil organic carbon(SOC) ; spatiotemporal change; paddy soil; climate change; Sichuan Basin
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Table 1 Statistical characteristics of paddy topsoil organic carbon content in the Sichuan Basin in the last 40 years
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Fig. 2 Relationship between the variation in paddy soil organic carbon content and the annual

average temperature and the growth rate of annual average temperature

AT 40 4FPUJI| 75 K RS 1 ASOC Fifi % 4F 34 [ R
SN BT T R R B AR B R R A S A B
IR K 3(a), P <0.001]. BBFoE X R4
Shy R B A X (AR R TR A > 1050 mm ) A & WY
X (FFEHREH R <1050 mm) , I35 48 X KRG+
ASOC #ATHEIT. 5K W], T 40 AF [A] IR R TR 2t X
KRG+ ASOC N 3.72 g-kg ' [ 3(b) ], EEKEM

XY 3. 65 5. 3X B AR 2 R RN AN Y DX 3
FIF KRG+ SoC K.
2.2.2 fRHEFAITA

20 e 80 AFAR MU Ah A A FH 7 =X DU 1| 7l
KAEL SOC HEILRFEER (K4, P>0.05) 412
0.27 g-kg™'; 21 22 10 FARKREAE T =0T K FE
+ @ (S0C) K 16.65 g-kg ™", W& T/KH (P <



8 ZACRRAE . AURR IS DU R KRS A LR 2 B AR 4683
7.00 25.00
(a) (b) [ 20 804
s . 7421 40 1044
I 20,00 +
*00r K= 0.790, P<0.001 Aa
- LR Ab
- = ap 1500 /- Ba 7
= 400F 3 %
s & Bb -/
& S : /
S 300 C"_: 10,00 - / /
2 2 77
2000 7 o
5.00 F e S
1.00F ; 7
0 1 | 1 | | 0 ' 2 | . -"'.’.I
800 900 1000 1100 1200 1300 1400 <1 050 >1 050
AEHIFE T R/mm IR B mm
ANR/INE F8EFIR R — B AN R R X2 KRS = SOC & P fE 322 5+ (P <0.05) ,
AN IR RS R A ] R i DX AN R A 2 1K 1 SOC % SR AE B35 22 5% (P < 0. 05)
B3 kfEL ASOC 5EHEMEMNXRMARENE S TREL SOC TEFE .
Fig. 3 Relationship between the variation in paddy soil organic carbon content and the annual average rainfall. ~ o~ o

#1 |

and the variation in paddy soil organlr carbon content under differgiit rainfall conditions -4-'"

0.05) . Afalf A 7 2UF 3T 40 fﬁ@?ﬁ@?ﬁéﬂ:
ASOC AJA] (P < 0.05) , KRS58 5 7 2T KA
ASOC Jy 3.45 gokg™! JEKHIEY 2. 14 5. KA1 4
@Tiéﬁ”fﬁﬂﬁa 7K I 7kse’i"ﬁf7?tﬁ ﬁ%ﬂﬂ‘?
Eﬁﬁpl:ﬂﬁai SOC ZR. e

- x;.- _J
’ =
20.00
[ 201 4280474%;
7] 21 L 104E4R Aa J
Ab i
15.00 |
Ba Ba "'"f
E!
g 10.00 +
2 /
5.00 - /
U 1 1
K KA
e HF AT J5 L
ANRIINE B IR [ — B [ 4 R 7 30 22 8] K R £ socC

A REZEF (P <0.05) AR KRS 7~ 375 AR 7] 4 H A
P SR R 2 T K R = SOC A7 A7 #E 1 35 22 53 (P < 0. 05)
B4 FAEKRBFAFRXTKEL SOC EELTHIFE
Fig. 4 Variation characteristics of paddy soil organic carbon

content under different farmland utilization

2.2.3  JtafEsREE %H*E*%‘Fﬁi

Jiti AR X KRG 1 SOC F A8 {2 i 3%, {H
FHRIXRFFEEHLELR NES T UUEH, HEE
A 1A il A e R AT 35 it A S 194 K R A 1, 3T 40
AE DU )1 2 MK R 1 ASOC 52 25 39 5 B AR 14 22 4k
G e MG O 8 Y AR 20 A 1 503. 30
kg+ (hm®-a) "B 4F 34 it HE & 189 4<% O 17, 29

kg (hm®-a)/" IBT 7J<$§ai ASOC Fj*: QH#HJ
3.53 gk M1 3. 37) g oke ' ik F W ﬁéﬁ@ﬂt’iﬁ!
DL Fﬁﬁﬁliﬂﬁaji SOC o, 1E'ﬁﬁﬂﬂl_miiﬁﬁ
Hlﬂgﬁéiiﬁka%f/\éiﬁ,ﬂﬁkiai SOC % l?/Jh..-
gewm, ’ — T
i 407 Ejﬁ]ﬂ(*aj: ASOC 'ﬁiﬂj*ﬂﬁ‘?g&ﬁ
Tl e B 52 1 5 6 B 4 e & (1 6 5 P <

0. 01) , BEFAEB A P ERAE S A P R K R

B3 0, K R 1 ASOC 52 BRAHE i) #4 T e i A8
e ARG TR, Y FER R A =R 414. 56
kg (hm®-a) "'"EUAR B & 7 B K Rl 3,67
kg+ (hm®-a) ~'B}, KAG + ASOC ik B KAE , 53
J93.08 g-kg ' HI3.17 gokg M E SR E KA
W VEY A W R/ DT () 42 S A 4 2 7= o
FAPLY A X SOC & & AR by . bk *%
T AEY) A i R B K R R, SOC PR i
R 5 (ABAFAE — > BE i e 1@%%%
adzi*ka%‘ﬂ;i*bnﬂ SOC ¥4 fin ¥y 5% i JF J¢
BTk,
2.3 AR HEFAG TR L ASOC 54HS
TG KR OE R

A A O R K A8 £ ASoC H54E3#R,
EIRK R ZE M RARARE(E 7). 72K HF
TR P98 KK R £ ASOC 5 4F B iR 36 K ke R
ZRREMHL R HZAH LR IFAREE 7
(a), P>0.05]; MAEKERIET HZHER
FHL LR T(b), P<0.001]. ARIEIS
TR YRR K HOR R 0. 041 C -a” B, KR
AT KA+ ASOC K, B Bl A7 23 <RI K



4684 I A - 44 3%
5.00 5.00
(a) (b)
4.00 4.00
3.00 F 3.00 F
_ 200F _ 200+
o k-
ac'n 1.00 01,00 -
2 2
< 0F - 0k
RE=0.712, P<0.01 RZ=10.799, P<0.001
-1.00 + -1.00 -
-2.00 + . -2.00 | .
_300 L 1 L L 1 L —3_90 L L L
200 300 400 500 600 700 BOO 900 10 20 30 40
AE IR A B kg hm R il R B B 4R kg - (hm*a) !
5 kfEL ASOC SEMHEIREMFHLEZRERMKR
Fig. 5 Relationship between the variation in paddy soil organic carbon content and the average annual
fertilizer application and the growth rate of the average annual fertilizer application
4,00 4.00 _.
(a) . (b)
300 g 3.00 b
p 2
& £
5 200 g 2.00 -
9 @ ~
< < "
R:=0.698, P<0.01 RE=0.717, P<0.01 ""j
1.00 - 1.00 +
0 i i L L L Il
200 300 400 500 0 1.00 2.00 3.00 4.00 5.00
SEIRRA ™ kg hm AR A B F ke (hm*a)™!
F 4 E6 Kt ASOC SEMRAFBMENRETRBIEKERNXR
- Fig. 6 Relationship between the variation in paddy soil organic carbon content and the annual
average grain yield and the growth rate of the average annual grain yield
5.00 5.00
(a) 7K H (b) AR5
4.00 4.00 F
T 300 | . T, 3.00 -
& . =
20 20
g . . 2
3 . o}
2 200 b : 4 200
RE=0.127, P>0.05 R*=0.925, P<0.001
1.00 |k 1.00
U L L L 0 L 1 L
0,02 0.03 0.04 0.05 0.02 0,03 0,04 0,05
SEH G Ca ! G Ca !

E7 AREKREFMAFXTTFAEL ASOC 5EHRIBKERHX R

Fig. 7 Relationship between the variation in paddy soil organic carbon content and the growth

rate of annual mean temperature under different farmland utilizations

SUE Sy NP A N o I N R e N

+ SoC FEAbrY

1524
o

Wi 52 A< FH A 7 2 P

KT A K 248 /E KRS+ soc SEEA T

F .



8 1 Y,

AUAGAZ IR Y )1 K R b AT AL 15 A A Y R

4685

3 itig

3.1 DItk ARG £ SOC B R H i [ &

AT 40 AFEPU)I Z KRR+ SOC & Bk R Tt
A RIN B BN X — 25 5 A /N X
B IR A5 R — 8 i 5 3R E A
X IKAE £ SOC AR fbita#h—5 72 I IE K E
DU b KRG £ ASOC 4 2. 63 g-kg ™' AL TVLI5
H(7.30 g-kg ™) X AT HES B XY 4
RUFIRRAE 2022 5248 0. U1 s AR i) A A 30K
3 OK B/ KB 5AE) AR Y A= ) i e 1% T V75 4 F
FONZERE . A AR TP 4 A 20 1, 1Y )1 433t
KR+ E LR EOICARFIEN, BTV E -, A
PUBRAI UG & TG HU KL, 5 2K £y
A I VSIS B i D e A N2 W ¢ 2
ASOC FAEA i 22 57, 3K SRR XK o 45 1 | <00
Ak AL LA AR A P i A . -

A, AT R R (B R <1050
mm-a”  KREAE) , KHE £ ASOC Ak, Bk f5

+ SOC Ak 5RO 1A . X — A 5 3k 5

SRR G B SOC 38 B ROk
RIS & (PURTECT S G M

¥y 00 Mo AT SOC 75 4 B AT 7 i, K 5

T3 ASOG i X R L K el |

A R A SO Tk 5 SRR A

-

S RS S B, X I R AR Y R e

T IK B (750 ~950 mm-a ") ARG IR
FEIR RN K, b BE A RGN AR R G
P TIARWEN , F H R K 0 3% BN AN 2 A%
M B At A RS A B B ) K A4
FRAR AR B 7= B 0. DU N 43 M 4 2 [ R B AE 700 ~
1700 mm Z[8] , 7K 53 FAFAS &1 X 3o 4 A 4 Fi AR
BARGAEE 1 e R PRI 250, R, 55 v 1
K T A IR R s R A P A 7 T, DA D X 4
HERRR A WK 3RS SOC T W Bk A
HURKR' ') 3 il J 43 B 25 B 43 it 9 Bt K i 210 )
A, - R B A v 7K IR A T 5 R A4 i DA T i
TP SOC W a 4k, 25 51 A 1 58 b 1 ik 4
AP AN KR AE R O R VR AR ) Rt
KF HFp—Z KR A 7K L3 T R A5 9% X A
MRS T (M <1050 mm-a™ ' K R25AE)
JKAE £ ASOC = T AR X PR 855 ([ T & > 1 050
mm-a ", K RERAK O SR A IR S A
A F)TF SOC )43 5 SOC By fi A Bk 5 + 4
AR Bt AT 06, TR I EA T L
ANFEIREE (KRN A A B R 7 =20) 51 9 K 43 A 44

AL FB SOC 405 T BT A7 A8 % — A &
WA B VE R ) T4 | SO 1 T — AR
HEAE S AR 4 5 M A P R LA
AT 5. JARERAE & B, A 20 4R ATEIE I 1
T e PRV 7 3 25 AR o 32, A WA i
FHBOR D B3 R MG, s, ARBRFE U437 T LA
B P SOC RIS S HE A 1T 42 1 0 2 K34
BOAE 490 08 9% 0 RRR 2R R W i AT AR v A M
SOC™*" {EAHISE % B, i AT AR £ 7= it K Hohg
AR ASOC HISHA L X 2 , BV 5454 /4
(R SER DT AR 2 R KRE £ SOC HRESER . %4
FEART 25 , 3o f P ML B8 A TIT LA 3 3 - 498 e
SRR P T S o e R VL
VEYIER BN SOC 4™ | e 580 SOC W2
SR Wt 2 R 2 KR LA BT
F R PR AR A4 A R S 3 BRI TR B GOR
) ol A B R T 45 ) B R LA 2
REBEAEAE 1 L5 LY A Rt A0
R D A L 2 9 2 kit S SOCAER
TR B 2 XK A ASOC B ¥ £
BB LR P8 i BRI I R TR A
= A N " &
R 1 % B3 B e 0K R AsOC
B L R 2R AR Y R B, VU1 4 b K e+ ASOC Fifi

SO ARG T . X3 BRI O B AR R

T T VEY G AR ™ e i, D i A -5
WA P Z . (R, 20 N AR SO S5 AR R I
BERAXCR RIS T 5 B
PR 3R B ). AR W (AR 34 SR R 1 ) 25
SEAEYOGIRAE P 1 R38R L SRR 0 AR s
M5 SOC B AL BN KB K
+ SOC AR b il R 2
3.2 SARAemERT U KRS 1 SOC SRk
Al

A GEAE DX 8 B ST H (] S5 F RS T AR AR 1%
S DU Z /KRG £ SOC AR fb i B R i &R . AF5
KIRIKFE A ASOC 5 4F 24735 16 4 5 o 2 4l i 28 %
F, iz s e 2 Rk B e 38 m . — A
WIZAEY K AR AR B, e 34K . Ko &
o BB PR R K RS B K b A AR 1 X K R
+ ASOC W52 ASBH i

G, RS, AU g v BRI AR
2°C Z VRS P m L s 2 Rk SR A A O
G RIR R e KAE, BCE T HABFR G R &R g 57
BT, 728 1 (0 5 i 1] RE 2331 25 24 oA A AR K
VR BAFAEAE R IR B | H7 2070 1 3 30 ) A vy Ui &2



4686 78 8=}

Moo 14 %

A3 o 17 AR AR 7 DT BRI A 77 1 4 i ik
AR I | SC05 705 I T 4 i 9
NI | i R 4 B R N - R s SOC
SRV 7 AR SR K SRR S B, A5 B
KA A 9 1 I T S0 4 T 04 4 AR 2B 7
AR R — 5 4 4 2 52 ] | AT S ek A £
(945 HLAI L ;1 I) et - 4 O I P & L SOC. (1
Sy R WK T SOC i A R i K G 5
ASOC BfAEH S IR 2 KT S S 48 7 1k
R A BRI 7 2R [ B R K 4 S 1 22
S T SRR B ST X KRS+ SOC A8
Al SR A X R4 BR R BRI SE T R, KA
A 3B A A T 04 PR o SO0 iR
JEXT SOC A5 AL 1 V835 1 I AT FE R T K 43 448
() 0 5 1 k3 25 A o 3 e A 1 X B A 23 515 i
S0 Sn R S PR O 7E AR KRR I 0 4 1F R, T
IR AR, SR - R A TR B, R
il 25 e KA L A BB i A N4 =2 ] 1 PR,
B SOC J7SHE M URMERAL. V£ KB S5

TESE T F R R0 i 5 5 9 1 392 0 Wl X 9 T

ﬁ@%wmgmﬁ%@mﬁﬁnﬁ$ﬁ%@ﬁ§&:
o 52 SIHEE AL i o ST

ARSI SRR S0 R A 74—
ORI TR 43 A1 3 1o 5 SO A A

s PR S e ) B R A L

BT A W, (E SR AR i
SRR — AT REAR L, IR FH
HHREE B4R T XTI SOC I He A8 fle it Fi B
il gk o T B KL R 5 S A
R0, BT DA Xl S B 95 1 B9 22 ] 7 A £
TSR ABTEAE R I T B ARAE T 95 B
SRR A0S B | L R AN A 5 A O
FUAT AL T3R8 = R AT KR BIOR T T 24
{7 IR R AG T AR R 22 7] SOC #4575 A,
&R A0 A S T R T
25 [ FIA S , 5 HLRS 7 vk BE A TR 0 13k 25 1)
VAR 5 A5 R T AT 43 BEGE H, T LAY W
RIS I TS LB 1 /KRS £ SOC k7
162 5, I TTTARIE AR SCHIFSY 45 00 T 4. AT 75
SRR 1 ASOC 547 Y KA i iy 2
R KIS IZ S i - AR A B T
S R A RS TR, R[] R i = R
KA £ ASOC 5 4F H I K R I 1 AR 7] 56 3R 4%
WY, SRS R SOC 24622 B 2 K 22 3L
S, MR R R P U ST, SOC A5k 5 R A5 Al
0 956 44 L5 T A - SRR AR AL AR Y A

B T, 7 AR XA T L SRR BT A1 AN TSR A AT
4 it

(1) 3T 40 4%, DU I 25 H /K 7 = w (SOC) A
13.66 g-kg™' FJF & 15.96 g-kg ', H/m T 2.63
gokg ™' RN BRI RN 5 HAS[R] Hb A X RIAN [
IR AR £ ASOC AN,

(2) )i Z K FE = ASOC 54 ¥R & IEA
KRF, GAERFEREE A EC R, SR
i N A AR AR SRR i SO K R B R
SR BRI 25 & 5 R IRER T (4F 2%
It <1050 mm, K F4E4F) AT 0 58 XK F8
SOC L.

(3) U ZEH K G £ ASOC 54 ¥R R IG KR
B AR TR AT 3 M 5 57T 5
AR A2 A8 ks 3, 0K R R I 35 A o B e
AR X BT SE DX KA 2 SOC & ik 28 AL 1 540 52 4% 1
LA 5 3 ] e U 1 4 A P A R I H
TR B ST B AP BB [ 7 L 8 i 2 B
saxm. 4, @y & (4
[1] LiQ Q) Zhang H, Jiang X Y, et al. Sphtially distributed

modeliﬁg gf‘ soil Orgal.'lﬂid’, catbon across China with improved

accuracyf ] J. Journal of Advances in Modeling Earth Systems,
2017, 9(2) . 1167-1185.

2] LiQQ,L AW, Dai TF, ef al. Depth-dependent soil organic

carbon dynamics of croplands across the Chengdu Plain of China

from the 1980s to the 2010s[ J]. Global Change Biology, 2020,

26(7) ; 4134-4146.

[ 3] BOUKSE, IRMERE, F3EH, S5 PR H L3R a0y 5
A AR PRERCSET R )]. PEREEREBE T, 2018, 33
(2):191-197.

Zhao Y C, Xu S X, Wang M Y, et al. Carbon sequestration

potential in Chinese cropland soils: Review, challenge, and

-

research suggestions [ J ]. Bulletin of Chinese Academy of
Sciences, 2018, 33(2) . 191-197.

(4] ZM, Zak, B84, % UECF R XK A Bk H i
ARSI R[], FREERLY, 2018, 39(7) « 3365-
3372.

Li S, LiQQ, Wang C Q, et al. Profile distribution of paddy soil
organic carbon and its influencing factors in Chengdu Plain[ J].
Environmental Science, 2018, 39(7) : 3365-3372.

[ 5] Batjes N H. Harmonized soil property values for broad-scale
modelling ( WISE30sec ) with estimates of global soil carbon
stocks[ J]. Geoderma, 2016, 269 61-68.

[ 6] Zhang KR, Dang H'S, Zhang Q F, et al. Soil carbon dynamics
following land-use change varied with temperature and
precipitation gradients: evidence from stable isotopes[ J]. Global
Change Biology, 2015, 21(7) : 2762-2772.

[7] Han D R, Wiesmeier M, Conant R T, et al. Large soil organic
carbon increase due to improved agronomic management in the
North China Plain from 1980s to 2010s [ J]. Global Change
Biology, 2018, 24(3) : 987-1000.

[ 8] Liao Q L, Zhang X H, Li Z P, et al. Increase in soil organic



8

BT,

XS DO 1| £ b 7K R AT BB 75

AR AL 5 M) 4687

[9]
[10]
(1]
[12]

[13]
[14]
[15]
[16.3
e
[18]

[19]

[20]
[21]
[22]

[23]

/ carbon: cydle feedback to climate warmiing [ J ].

carbon stock over the last two decades in China’s Jiangsu Province
[J]. Global Change Biology, 2009, 15(4) : 861-875.

Luo Y L, Li Q Q, Shen J, et al. Effects of agricultural land use
change on organic carbon and its labile fractions in the soil profile
in an urban agricultural area [ J]. Land Degradation &
Development, 2019, 30(15) : 1875-1885.

Luo Z K, Feng W T, Luo Y Q,
dynamics jointly controlled by climate,

Global Change Biology,

et al. Soil organic carbon
carbon inputs, soil
properties and soil carbon fractions[ J].
2017, 23(10) ; 4430-4439.

Liu Z H, Ballantyne A P, Poulter B,
thresholds regulate net carbon exchange at the continental scale
[J]. Nature Communications, 2018, 9, doi: 10. 1038/s41467-
018-05948-1.

Huang W J, Hall S J. Elevated moisture stimulates carbon loss

et al. Precipitation

from mineral soils by releasing protected organic matter [ J ].
Nature Communications, 2017, 8 (1), doi: 10. 1038/s41467-
017-01998-z.

Humphrey V, Berg A, Ciais P, et al. Soil moisture-atmosphere
feedback dominates land carbon uptake variability [ J]. Nature,
2021, 592 65-69.

Ding J Z, Chen L Y, Ji C J,
accumulation across Tibetan permafrost regions [ J | r

Geoscience, 2017, 10(6) : 420-424.
Nottingham A T, Meir P, Velasquez E, et ‘al s Soil Ca‘fbon loss by

et al. Decadal seil-carbon

“Nature

experimental warn'ung in a tropical forest[ J14 Naturf- 2020 ,-584~
~1820) ; 234 537. | Vs ~F

Zhao Y Cy Waqg MY, HuSJ, et al Eoonom'n S nd_,phhcy-

driven nrganif‘ carbnn input enhancement dgiftirates 0il g-rgzmlc

| carbon aocumulatlbn in Chinese croplands [ J} Proveedlng% of
_the_National Academy of Sciences of the U.mted gtates of
Amen(‘a 20187 115(16) : 4045-4050. ’ J

Quslln Q, Tlan DS, Lur) Y Q, et al. Water sca_hng ol_f_de(‘osystem

Scighce
Adyﬁnces, 20197 5(8), doi:
Bai T S, Wang P, Hall S J,
factors mitigate soil aggregation and carbon change in a semi-arid

Global Change Biology, 2020, 26 (9): 5320-

10. 1126/ sciadv. aav1131.
et al. Interactive global change
grassland[ J].
5332.

Chen S T, Wang J, Zhang T T,

application increased soil respiration during the different growing

et al. Warming and straw
seasons by changing crop biomass and leaf area index in a winter

wheat-soybean rotation cropland [ J]. Geoderma, 2021, 391,
doi: 10.1016/j. geoderma. 2021. 114985.
Hamdi S, Moyano F, Sall S,

temperature sensitivity of soil respiration from laboratory studies in

et al. Synthesis analysis of the

relation to incubation methods and soil conditions [ J]. Soil

Biology and Biochemistry, 2013, 58. 115-126.
BRI, WA Al Sk A T]. B, 2021,

12.

Cheng K, Pan G X. Agriculture and carbon neutrality [ J].

Science, 2021, 73(6) ; 8-12.

Luo Y L, Wang K, Li H X, et al. Application of a combinatorial

73(6) . 8-

approach for soil organic carbon mapping in hills[ J]. Journal of
Environmental Management, 2021, 300, doi: 10. 1016/j.
jenvman. 2021. 113718.

W, AR, sk, 4. @Jllﬁ%iﬂlm*‘ﬁiﬁm%'ﬁ%
R 2 A 5 ROSg W N 5 (0], £, 2016, 48(2):
401-408.

Hu S J, Deng O P, Zhang SR, et al. Spatial-temporal variability

of soil organic carbon and total nitrogen in paddy soils in Sichuan

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Basin[J]. Soils, 2016, 48(2) : 401-408.
ZRf kit X, . TR T U A ML A9 28 1)
AR RCHSE N )], L8R, 2011, 48(4) . 863-

868.

Li T, Zhang S R, Liu X, et al. Spatial variation of soil organic
matter and its influence factors in the middle reaches of Tuojiang
river basin[ J]. Acta Pedologica Sinica, 2011, 48 (4) . 863-
868.

Bk, 2R, TEA4, % AL 30 RN E ALK+
fi%ﬁﬁ%ﬁ;@iﬁ*%%&ﬁﬂﬁlﬂﬂ%[ ]. kAR, 2016,

53(3) . 582-593.
Luo Y L, Li Q Q, Wang C Q, et al. Spatio-temporal variations of
soil organic carbon and total nitrogen and driving factors in purple
soil hilly area of mid-Sichuan Basin in the past 30 years[]J].
Acta Pedologica Sinica, 2016, 53(3) . 582-593.
AR, BEHOME, K TTF. T 50 AR DU it S AR AL AT
FEL]. PR R ( A ARBR# ) , 2010, 32(9) : 115-
120.
Chen C, Pang Y M, Zhang Y F, et al. On the characteristics of
climate change in girhuan Basin in the recent 5,0"';-ars [ J]1.
Journal of Southwest University ( Natural gmer}gp Edmnn ),
2010, 32(9) . 115 120. =
J—Hﬁﬁ, FEK, AR ) % 1) S0 *Flwﬂ(ﬂﬁaiﬂz%
T I, WA, 2011, 66(5) : 619- 63(;}!
ZhouCY Cen SX7Li Y Q)
its 1mpart% in Sirhuan in the last 50 years[ J].
glm(‘a, 2011 66(5) 619 630. &
2t iﬁ%&iﬂtﬁkﬁﬁfﬁ/ﬁ M. e A B
LS 2000, J =
PR, G, R, . R g s
PHTT]. HEBEBESY, 2010, 29(11) ; 1981-1992. .‘"""J
Li Q Q4 Yue TX, FanZ M, ‘et al. Spatial simulation of topsoil
TN at the national scale in C};ina[ J].
2010, 29(11) : 1981-1992.
IR, R, WEE, . P ERE LA YL A RS
BT Tk DF [ 1], A%, 2010, 25(8):
1385-1399.
LiQQ, Yue T X, Fan Z M, et al. Study on method for spatial
simulation of topsoil SOM at national scale in China[ J]. Journal
of Natural Resources, 2010, 25(8) : 1385-1399.
L, tREE, AEDE, AF. G 30 AR P EA HBHE R HLS A
HAREL)]. AR, 2017, 54(5) : 1047-1056.
Yang F, Xu Y, Cui Y, Variation of soil organic matter
content in croplands of China over the last three decades[J].
Acta Pedologica Sinica, 2017, 54(5) ; 1047-1056.
Yan X Y, Cai Z C, Wang S W, et al. Direct measurement of soil

et al. Preclpltauon varlatforl. a'nd

Acta Geo‘graphma

Geographical Research,

et al.

organic carbon content change in the croplands of China[J].
Global Change Biology, 2011, 17(3) ; 1487-1496.

RV, XY, IR, G5, T 40 AERVLE S KRR LA AL
KSR & AR RRAE[ )], R HER, 2020, 57(4) .
937-942.

LiWT, LuM, LiPF, et al. Temporal variation of soil organic
C and nutrients in high yield paddy soils of Yujiang County in the
past 40 years[ J]. Acta Pedologica Sinica, 2020, 57 (4): 937-
942.

Wang G C, Zhang W, Sun W J,

carbon dynamics and their driving factors in the main global

et al. Modeling soil organic

cereal cropping systems [ J ]. Atmospheric Chemistry and
Physics, 2017, 17(19) : 11849-11859.
Zhang J, Wang H B, Liu J,

and soil type on conventional japonica super rice yield and soil

et al. Influence of water potential



4688

w5

Bl

2 4%

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

- Kim J,

enzyme activities[ J ]. Journal of Integrative Agriculture, 2017,
16(5) : 1044-1052.

LiQQ, LiS, Xiao Y, et al. Soil acidification and its influencing
factors in the purple hilly area of southwest China from 1981 to
2012[J]. Catena, 2019, 175. 278-285.

Guo J H, Liu X J, Zhang Y,
major Chinese croplands [ J ].
1010.

Six J, Frey S D, Thiet R K,
contributions to carbon sequestration in agroecosystems|[ J]. Soil

Science Society of America Journal, 2006, 70(2) : 555-569.

Doetterl S, Stevens A, Six J, et al. Soil carbon storage controlled

et al. Significant acidification in

2010, 327. 1008-

Science,

et al. Bacterial and fungal

by interactions between geochemistry and climate [ J]. Nature
Geoscience, 2015, 8(10) : 780-783.

Haaf D, Six J, Doetterl S
controls on the response of soil respiration to warming[ J].
Climate Change, 2021, 11(7) : 623-627.

Challinor A J, Watson J, Lobell D B, et al. A meta-analysis of
crop yield under climate change and adaptation [ J ].

Climate Change, 2014, 4(4) . 287-291.
Green ] K, Seneviratne S I, Berg A M, et al. Large influence of

Global patterns of geo-ecological

Nature
Nature

soil moisture on long-term terrestrial carbon uptake[ J J==Nature,
2019, 565(7740) . 476-479. [ 4=
Wieder W R, Cleveland C C, Smith W K,

productivity and carbon storage limited ”Ey terrestfial nutrient

availability[ J]. 8(6): 441 444 .

-
et al. Future

Nature Geoscience, 201 5

filling dura{‘lon apd leaf senescence of tempetam- m?fndpf hlgh

1F" -

hon J Lee C K, et al. Relatlonihlp b%-tWeep' g{a‘l‘ﬁp

[45]

[46]

[47]

[48]

[49]

[50]

[51]

temperature[ J |. Field Crops Research, 2011, 122 (3). 207-
213.
Giorno F, Wolters-Arts M, Mariani C, et al.

reproduction at high temperatures: the heat stress response during

, 2013, 2(3): 489-

Ensuring
anther and pollen development[ J]. Plants
506.

Carvalhais N, Forkel M, Khomik M, et al. Global covariation of
carbon turnover times with climate in terrestrial ecosystems|[ J].
Nature, 2014, 514(7521) : 213-217.

Chen L Y, Fang K, Wei B,
governed by plant input and mineral protection at regional and
global scales[ J]. Ecology Letters, 2021, 24(5) : 1018-1028.
Jia Y F, Kuzyakov Y, Wang G A, et al. Temperature sensitivity

et al. Soil carbon persistence

of decomposition of soil organic matter fractions increases with
their turnover time [ J]. Land Degradation & Development,
2020, 31(5) : 632-645.

YuSY, He H L, Cheng P,

organic carbon dynamics in a heavily grazed alpine meadow on the

et al. Depth heterogeneity of soil
northeastern Tibetan Plateau: a radiocarbon-based approach[] 1.
Journal of Geophysical Research: Blogeo%clen(‘es—' 2017 122
(7):1775-1788. | ’_"
Lellei-Kovacs E, Kovics-Lang E, Botta- anat “Z el al.
Thresholds and

temperature ne%pon%e of €0ﬂ tespiration[ J ].

of soil m@fstur.e. on the
E-urong,ah Jourpal of
Soil Blology, 2011747 (4) : 247-255. # a‘
Wang X H Pyao S 11‘ Clal@ P, et al. A two= fbld inerease of
Parbon c;’(‘le sensltlvny to l]:@pl(‘al temperature VﬂrlallOIN [ _] J

Nature, 2,014 506(74117) 212-215.

mIPra(‘tlve effects




HUANJING KEXUE Vol.44  No.8

Environmental Science (monthly) Aug. 15, 2023

CONTENTS

Analysis of Change Trend and Influencing Factors of PM, 5-O5 Pollution in Tianjin from 2013 t0 2020 «+:+seseeseessessenssisenesieninnsienees XIAO Zhi-met, LI Ya-fei, GAO Jing-yun, et al. (4211)
Changes in Ozone Pollution Trend Characteristics and Sensitivity in Jinan from 2015 to 2020 «+:xssesrerrersemssesiensstneisinncneineens SUN Xiao-yan, SUN Jun, GUO Meng-meng, et al. (4220)
Analysis of O Pollution Characteristics, Formation Sensitivity, and Transport Impact in Southern Nanjing —«+++esesesereeseressusenssesenenes ZHENG Xin-mei, HU Kun, WANG Ming, et al. (4231)
Characteristics and Driving Factors of O3 Pollution During 13 Five-Year Period in Tianjin «+++-+--- +o++ LI Yuan, XIAO Zhi-mei, BI Xiao-hui, et al. (4241)
Response of PM, 5 and O3 to Emission Reductions in Nanjing Based on Random Forest Algorithm «+eesecreeeereresssenensisninninsns SHANG Yong-jie, MAO Yu-hao, LIAO Hong, et al. (4250)
Quantification of Ozone Pollution Transport Based on Four-dimensional Flux Method in Foshan, China ««seseereesererrersienmesincnnnenens WU Li-ping, MO Hai-hua, YANG Li-ting, et al. (4262)
Effects of Source Depletion on Vapor Intrusion Risk Assessment +eeesrererssesiemenenminmnin e ZHONG Mao-sheng, WANG Yang, JIANG Lin, et al. (4271)
Spatiotemporal Variation Characteristics of Main Pollutant Fluxes in the Yangtze River Basin from 2017 to 2020 »«+v+eeseererereererssenenenene GUO Chao-chen, LEI Kun, LI Xiao-guang, et al. (4279)
Spatial Variation Characteristics, Influencing Factors, and Sources of Hydrogeochemical of Surface Water and Groundwater in Mountainous Area of Hutuo River ««+ereresreserrersisnnenennneene
.................................................................................................................................................................. KONG Xiao-le, CHANG Yu-ru, LIU Xia, et al. (4292)
Spatial Distribution, Source Analysis, and Health Risk Assessment of Metal Elements in Karst Water in Southeastern Chongqing ~ «+++++++++++++: XIE Hao, ZOU Sheng-zhang, LI Jun, et al. (4304)
Mechanism of Salinization of Shallow Groundwater in Taocheng District, Hengshui City ««e+seereeeeeerenees HE Jin, ZHANG Huai-sheng, CAI Wu-tian, et al. (4314)
Assessment of Groundwater Contamination Risk in the Plain Area of Southern Turpan Basin - BAI Fan, ZHOU Jin-long, ZHOU Yin-zhu, et al. (4325)
Microbial Community Composition and Diversity in Metal Sulfide Mine Water Systems «++-«eereseererrsesernssnesinneinnnenenes DING Cong-cong, ZHU Xu-yan, ZHAQ Xing-qing, et al. (4334)
Occurrence Characteristics of Microplastics in Baiyangdian Lake Water and Sediments «+«+v+srsereereseresremnsennssinessneinecnenes CHENG Xin-yu, YANG Li-hu, SONG Xian-fang (4344 )
Analyzing the Pollution Sources and Mechanisms of Urban Rivers Based on Identifying the Molecular Signature of Dissolved Organic Matter -+ ZHU Yi, YE Jian-feng, SUN Xiao-nan, et al. (4353)
Occurrence and Fate of Steroid Hormones in Sewage Treatment Plants —«+«+esseseersenessmenenssinimnensnii LIU Yuan-yuan, FENG Hui, ZHANG Yun, et al. (4364)
Distribution, Source, and Ecological Risk Assessment of Persistent Organic Pollutants in Surface Sediments of Boao Coastal Waters «++++ HAO Run-bo, FU Guo-wei, SONG Yan-wei, et al. (4374)
Content, Distribution, Source Analysis, and Risk Assessment of PAHs in Arable Soils of Taiyuan WU Zhang-wei, DUAN Yong-hong, LIU Li-wen, et al. (4387)
Potential Ecological Risk Assessment and Source Analysis of Heavy Metals in Soil-crop System in Xiong'an New District «+v+veereereeereeeesee GUO Zhi-juan, LIU Fei, ZHOU Ya-long, et al. (4397)
Pollution Characteristics and Source Analysis of Heavy Metals Based on APCS-MLR and PMF Receptor Model = ++«+eeeeerrerreeremmensnenssmnnncninnnienens
- DUAN Hai-jing, MA Jia-yu, PENG Chao-yue, et al. (4406)
Pollution Characteristics, Source Analysis, and Risk Assessment of Heavy Metals in the Surrounding Farmlands of Manganese Mining Area «+:+esrereereeesessenenmssicnnesnenssnnncsneene
.................................................................................................................................................................. YU Gao, CHEN Fen, ZHANG Xiao-dong, et al. (4416)
Translocation, Accumulation, and Comprehensive Risk Assessment of Heavy Metals in Soil-Crop Systems in an Old Industrial City, Shizuishan, Ningxia, Northwest China —«-veeseerrereereeees
............................................................................................................................................................ WANG Ying, DONG Ai-jun, YANG Jian-feng, et al. (4429)
Distribution Characteristics and Risk Assessment of Tetracycline Antibiotics (TCs) in Soil-Vegetable System with Soil Fertilized with Animal Manure
.................................................................................................................................................................. DING Dan, HUANG Xiao-yi, G | (4440)
Accumulation Pathway of Cd, Pb, and Zn in Chinese Cabbage under the Condition of Exogenous Pollution Superposition in High Geological Background Area :
............................................................................................................................................................... JIAN Huai-liang, LIU Hong-yan, MEI Xue, et l. (4448)
Effects of Combined Pollution of Microplastics and Lead on Maize Seed Germination and Growth MA Gui, LIAO Cai-yun, ZHOU Yue, et al. (4458)
Application of Fe;0,/Mulberry Stem Biochar Effects on Soil Arsenic Species and Rice Arsenic Content ~««+xewesseeresrersenesnenenees RUAN Lin-giao, LIANG Mei-na, DING Yan-mei, et al. (4468 )
Remediation Effect and Mechanism of Biochar in Combination with Nitrogen Fertilizer on Cd-contaminated Paddy Soil ++«+s+ssesrereereeerereneenns ZHANG Li, LI Ru-xia, HE Yu-lei, et al. (4479)
Effects of Combined Application of Different Nitrogen Fertilizers and Biochar on Cadmium Uptake by Pakchoi ( Brassica chinensis L. ) in Cadmium Contaminated Soil ++++«+eeseeeeresnesneesee
.............................................................................................................................................................................. LI Ping, NIE Hao, LANG Man, et al. (4489)
Effect of Coconut Fiber Biochar and Ts Nitrate Modification on Pb Passivation in Paddy Soils ++++eeresrerrerseesennsnenniinensininnens HOU Zheng-wei, LI Jian-hong, LI Cai-sheng, et al. (4497)
Effects of Biochar Application on Physicochemical Properties and Bacterial Communities of Microplastic-contaminated Calcareous Soil -+ RAN Tai-shan, LONG Jian, LIAO Hong-kai, et al. (4507)
Effects of Modified Biochar-Supported Zero-Valent Iron on the Removal of Trichloroethylene and Responses of Microbial Community in Soil «++++-++++- LU Hai-nan, LI Peng, GUO Lin, et al. (4519)
Effects of Modified Distiller’s Lees Biochar on Nutrients and Enzyme Activities in Purple Soil +:+setseeeseresesennnenenennienininnens YOU Le-lin, XIE Yong-hong, WANG Zi-fang, et al. (4530)
Biochar or Straw Substituting Chemical Fertilizer Increase the Risk of Phosphorus Loss in Subsurface Runoff in Sloping Farmland ~ -++-++++see--- LAI Jia=xin, DENG Hua, ZHU Hao-yu, et al. (4541)
Carbon Loss During Preparation and Aging of Sludge Livestock Manure Biochars ««+«+«+sesesreresesesersssennemnneinnencnns ZHANG Ying, ZHANG Chang-hao, ZHANG Xiu-fang, et al. (4554)
Effect of Chemical Fertilizer and Manure Combined with Biochar on Denitrification Potential and Denitrifying Bacterial Community in Rhizosphere Soil «+«eseeessesresnesseneneneinineinnen
............................................................................................................................................................... XIE Jun, WANG Zi-fang, WANG Ying-yan, et al. (4565)
Soil Bacterial Community Structure and Function Prediction of Millet/Peanut Intercropping Farmland in the Lower Yellow River ««-se:e-eseee LIU Zhu, NAN Zhen-wu, LIN Song-ming, et al. (4575)
Effects of Microbial Fertilizer on Physicochemical Properties and Bacterial Communities of Saline Soil Under Brackish Water Irrigation +-«+sesserveesrssnesnenenmienensininincniininsnnen
............................................................................................................................................................ LIU Yue, YANG Shu-ging, ZHANG Wan-feng, et al. (4585)
Remediation of Petroleum-contaminated Soil by Highly Efficient Oil-degrading Bacteria and Analysis of lts Enhancement Mechanism -++-++-- YAQ Zhen-xian, WANG Li-ping, LI Dan, et al. (4599)
Impacts of Land Use Intensification Level on Fluvo-aquic Cropland Soil Microbial Community Abundance and Necromass Accumulation in North China «+«ereeeseesrersesssnenenenininsinnen
........................................................................................................................................................... LI Sheng-jun, SHENG Mei-jun, LI Gang, et al. (4611)
Pathway and Policy for China’s Provincial Carbon Emission Peak +«+eessesseeeseserenenniinimnnininini MIAO An-kang, YUAN Yue, WU Han, et al. (4623)
Carbon Offsetting Mechanism of China Province Based on Carbon Reduction Cost —+++sseeseseersessemenenemininensininenisiscnens ZHONG Shi-yu, ZHANG Xiao-min, WU Jia, et al. (4637)
Analysis on Change in Soil Organic Carhon Content of Farmland in Yangtze River Economic Belt Under Different Fertilizing Measures — ++++++++++ LIU Xin-yu, LU Jiang, MENG Xuan, et al. (4647)
Multi-scenario Land Use Optimization and Carhon Storage Assessment in Northwest China — ««eereseererssrseremssnssinne e CHEN Ning, XIN Cun-lin, TANG Dao-bin, et al. (4655)
Analysis and Simulation of the Spatiotemporal Evolution of Habitat Quality and Carbon Storage in the Weibei Dry Plateau Region of Shaanxi -+ GU Zhen-wei, LIU Jing, CHEN Yi, et al. (4666 )
Impact of Climate Warming on Paddy Soil Organic Carbon Change in the Sichuan Basin of China = «+eresreeserseeressenesinecinnecene LI Ai-wen, SONG Liang-ying, RAN Min, et al. (4679)
Stoichiometric Imbalance of Abandoned Grassland Under Precipitation Changes Regulate Soil Respiration - WANG Jia-yi, WANG Xing, WANG Yuan-zhuo, et al. (4689)
Effects of Water-salt Environment on Freshwater Wetland Soil C, N, and P Ecological Stoichiometric Characteristics in the Yellow River Estuary Wetland = «+eoeoreeveesesenenennineinen
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" QIN Ji-fa, ZHANG Jia-peng, SANG Luan, et al. (4698 )
Spatial Distribution of Soil Heavy Metals and Regional Control Strategies in China at Province Level «+:+ereeeeresreresenecirnneennen SHI Hang-yuan, WANG Peng, ZHENG Jia-tong, et al. (4706 )
Comprehensive Review on Environmental Biogeochemistry of Nonylphenol and Suggestions for the Management of Emerging Contaminants +««+xesveessesresrererememensininsnensinnen
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" HONG Ya-jun, FENG Cheng-lian, XU Da-yong, et al. (4717)
Research Progress on Distribution Characteristics and Formation Mechanisms of Microplastics in the Environment -w+s+ereseereees ZHANG Long-fei, LIU Yu-huan, RUAN Rong-sheng, et al. (4728)
Review on the Long-term and Short-term Effects of Biochar Addition on Soil Greenhouse Gas Emissions ««+vesetereesevesesemennesnennens ZHOU Yong-chun, WU Liu-lin, LI Dan-yang, et al. (4742)
Iron-based Bimetallic Catalysts for Persulfate Activation to Remove Antibiotics in Water; A Review «+eeseeserseresenensentninsenninennens WEI Jian, ZHANG Xin-yi, GUO Zhuang, et al. (4751)
Analysis of the Environmental Risk of Livestock Manure Pollution and Resource Treatment Technology ««+s+«sssreeresreressenssnesneeneneene AN Jing, DING Zi-ming, GAO Cheng-cheng, et al. (4764)



