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Abstract: [ Objective ] Soil organic carbon (SOC) is an essential indicator of soil health. It not only provides a carbon source for
plant growth and maintains the physical structure of soil, but also releases carbon into the atmosphere in the form of greenhouse
gases, such as carbon dioxide. Therefore, it plays a critical role in the global carbon balance. Currently, the world is experiencing
climate change characterized predominantly by warming and increasing frequency and intensity of extreme weather events.
However, the impacts of the changing climate, including long-term warming and extreme weather events on SOC are not entirely
the same. Distinguishing and quantifying the effects of extremely high temperatures (EH) and long-term warming (LW) on SOC
is the key to formulating adaptive strategies. [ Method ] In this study, we focused on paddy soils in Zhangzhou of Fujian Province, a
typical subtropical region of China. Based on a 1 : 50, 000 detailed soil database, we employed the biogeochemical process
model (DeNitrification-DeComposition, DNDC) to simulate SOC dynamics under four climate scenarios: de-trended climate base
state (CTRL), extreme high temperatures (EXP_EH), long-term warming (EXP_LW), and measured temperatures (EXP_obs).

[ Result] The results revealed that the total amount of carbon sequestered by paddy fields in Zhangzhou from 1980 to 2016
under the four different climate scenarios (CTRL, EXP_EH, EXP LW, and EXP_obs) was 1, 032.17, 952.15, 1, 045.98 and
966.03 Gg, with the corresponding average annual sequestration rates of 93.98, 86.70, 95.24, and 87.96 kg-hm >, respectively. The
long-term warming led to a net increase of 13.81 Gg of SOC in paddy fields across Zhangzhou, while extremely high
temperatures resulted in a net decrease of 80.02 Gg. The combined effect of these two factors was —66.14 Gg in SOC, indicating
that long-term warming promoted the sequestration of organic carbon in paddy soils, while extremely high temperatures reduced
the soil carbon sink capacity, with extremely high temperatures exerting a dominant negative effect. Also, the variations in annual
carbon sequestration rates between different climate scenarios indicated that extremely high temperatures throughout the years
from 1980 to 2016 had a negative effect on carbon sequestration in the paddy soils of Zhangzhou, but the long-term warming
effect on SOC turned from positive to negative around the year of 2000. This may be related to the diminishing effect of warming
on plant growth over time. At the county level, climate change had the greatest impact on the carbon sequestration of Nanjing
County. Additionally, the extremely high temperatures and long-term warming caused —26.23% and 7.27% impacts on its carbon
sequestration rate, respectively. Furthermore, among different terrain and topographical areas, the carbon sequestration rate of
hilly and mountainous areas was significantly affected by extremely high temperatures and long-term warming, with —8.84% and
1.98% changes, respectively. [ Conclusion ] In conclusion, while the paddy soils in Zhangzhou still maintain a strong carbon
sequestration capacity in the context of climate change, the increasing extreme high-temperature events in the future may
potentially contribute to greater carbon losses to some extent.

Key words: DNDC model; Long-term warming; Extreme high temperatures; Soil organic carbon; Paddy soils

S BRAR I TR 2 A 1 B 1T I e R ) B85 ) 8
Z—o ARAEBUF R ARSI L0122 R S5 S RPN
k4 (IPCC AR6) Win, TELTFHRHEM KGR T
( SSP5-8.5), ABR-F-HIHZR IS 21 et hntKe 7t
B 1LSCl, SERARE ISR, R R AR O e
R ZIM R 0 A S R G, Xl L BRAE FR Y
SR A I B R R A S R G i KA
MLBRE, +HEA HLEK ( Soil Organic Carbon, SOC )

AT Ry 9 A A B A B R O 46 15 8 RS B 2
P, DL AR A S R 2 AT 2 ) R AR
XiF G ER BRSPSV E ™. soC Rlge—Fhi—1k
Er, HAFERIEA SRR R R S
AN il | B O SO TS 1 e N < 3
TP R R ARG S 2 N E WY HH
JE i Sl SR AR X 2208 3 R AR s TR R (L
TR EFEE) A e ke T/ RBH RS,

http://pedologica.issas.ac.cn



34 7

FRAE . FLT DNDC R Pk B St v TR AT 5048 B8 X5 7K T - 3988 LA ) 52 ) 667

M, AR RS R, (A
o A ) 2 A AV ARGR M BE ALY AR IR O, B
- A R O 3 A7 A i e TR R i R e R Y fifi A
P b e 75 A Ao T Yo AR it sy ik = 14 e o B o RS
PRI, 4 T A A A U 208 W2 55 B i 2 T 52 T
T SOC WA Akt 8 S L T 4= 1+, AU Bl T IE
AL SOC AR fE 7 1) R S, X F T A< e A5 1k K
A T 17 SR B ELA R

RUE IR Z W5 25 R SOC Bt B T = 1 [
%, AHHE SR Ak ma 7 A5 AS B 14—y
SAEAE A A TRl A S R P AR, (115
HLW AR A HUBR S AR N, e gt soc BLEN; (|
B A R Bl T R e 3R SR s B R i B i SOC
G3ff, DTS A= A8 0 55 -+ 3Rk 122 =22 [ S 45 T )
MU PEN T S5 — i, B Wk R A R B
B, ARBR SR Y NG R, R P R
PR ARBR R TS, L HERPIE RN, B e
R (B AR B8 25 (R ) St A 7 Al T
—EARRE LAME T AR RO, A AR I AR
e 3ty 5 R X - A HLRRSE (AR T 3 A B . ST
O, W R S TEAR AR . B R S A
/K B L e, S 8ok Y i A V6 F s 55
ELEY A KA, LRI AR G R, En A
BRGEHICIAE T 2, peah, Hom s i 2%t 1
BEh R Wi | B PR SOC R e Ik e H A fige i
R A B AR AR S i TR A D
il ol A 0 il i P 2028 R AT 3 A WL Y
fifdi R (H IR 2 K 13 SOC AR E R,
T3 R WG R A ML LRI, T RE
AR SOC B4k 32, NG AL B2, I 52
0] 4 SFE R it A7 0 A 745 2R G AR R P17

oA T A 25 R G R Bl A 745 R oA 3 o AR P i
KR ER IR , W Z BINFIE S . AR
FHRZITL, BRIEACR BRI 2, BIR%EHET
PP HE, HBFSE Oy vk 3 AL v
WJEAE | AR A R G 2 W . R T AR TR AR
UG B S B AR AT AR SOC HHE R 3 ,
(EAR KRR - 32 B W Rl A TN A2 2 (1 3R B 240
HABRGHA @ ER MR e, (URYE SR
JEE B HICE [R] B % W X L Y R A S R
GG S SR FT TR0, Rk, sl d oy
ANFRFE TR SKME, ETERESSRER

AN 22 (8] 3l 25 28 e 1) A 4 i BR k2 3o AR AR AUt
2 N TG SARAE RN SOC B M Ay iz ™ 1,
H.rp | DeNitrification-DeComposition ( DNDC ) £ %
JEHRF R LK, NASZ . PREE LR
FEI 5 At 25 R O UE A — 2 P b R AL AR AT )
m, Jia ZUFIFH DNDC RS T 78 A R S A
g, REJLT T RN X IEE ZHA - SOC AR
TS, 455K WA7E RCP2.6 ( FFE 3% ). RCP4.5
( FHE 9.17% ) K RCP8.5( Tl 16% )15 F SOC
g B R I PGE R S, HAE S HERE SR
FEAS T, ZEae SR FER] F DNDC BRI 3T 76
LT 2. 40 6°CIERT, A E4 /K H AR 35 [ Ak
R 141, 106 Fl 74 kg-hm 2, BLBES KK
RIS, AR AR K W E R B B L TR, H
BARDE CRRICT IRES
HAT, X TAExT SOC S0 f T 32 B4R
PR IAEBE STk Y, (AR AR
A H A ZS R GRS SE LA AN R, 2 B E
S M AT ATLRB 73 A 18 o P i 8 2 A 4 A 7= g 4
Fe Ty A (B3 2 22 8] (5 4 55 P A 45 SR 0O Ak,
SE000 R, REWSGERF 2R E LSRR,
% L& B A i v R R R AR R BE AL . R A
SOC i Jo fY 45 4 Ja) 2 sk 1) , 6t ik ) R JEE 198 R0 e L
SEAAHAE SOC X i Y 4 s AR R, PRt 2o
Pl BN S E, A A Hh Bk Ak A
HEFRELIL SOC 1y sh A28 4k, FF i it Ak K X 7K AR
B 5 4% o e YR T AR L SOC A S, Xof T4 s e el
LA IS IAR Ol SRSl T R A R S ARTF
5% DA TR ] 2 i 1 VA SHL A6 IV PGS i X — i A W T
K MBS, BT 1980 4F4E ik 4 158
WAFREIAY 12 5 T REHIR 50 . 1980—
2016 AEAV A FRBORE S G0l s 8, SR DNDC
BRI T A H SOC #EAT K ISh BRI, B
(1) PEAG AR AS A 5o N T N T 7K RS 1A WL it o
o B 1) Sh A 784k 5( 2 )X 2 I AL i M T Ak FH SOC
X R it ey ek AR S 2 BB ) i R

1 MESHE
1.1 HREXEHR

N (23°32'—25°13'N, 116°53'—118°09'E )
HbAb AR A ) 4 — e, HOKRERA X B R

http://pedologica.issas.ac.cn



668 + b1

62 4

=

LR T AR A, ERRIK (320~3654d), <
TR BRI (AR 23.5°C AR 11160 mm ),
g H BRI (AR SR 6 500~7 800°C |
AR H R 2 142.5 h), KRS 2 B R T ALY
74.81%, JEMHEE EERE X Z— RIGHGEH N
R, ATHRIRI N =R RS . R
HIIX | A i3 H DR i 15 b DX T i A A
BE RV, FL00 T RmIEEmE, Hikh
PHALER Y P L, 45 Hb 2 i o A Y
1.2 #EENHR

DNDC APy 55 [ New Hampshire K241
A KA BT A R A A R R, FH T
ELTROIN i b A 28 R G P B TR A A ) R Ak~ ABE R
A A1 REYA A | HIEE LT . B RVET
AR BV EFRSE 6 DT HRIU R, ZBR H 1992
IEERERLCE, ZRIEPNIMEET ZE R 0t
HORWRIGHE & 0 Tefmat R A S R oo s
AL PRSI0 ASE IR BAIF 3 B3 1k X AU 5 00
MY — TR (RMSE ), 3451524 (MAE )
FRIRIMHICZREL () G HEARIEA TP . A
AR B ASHS 2 P T AR T AN T, — )y T A2 Fh 45 200
NEWE Clwitn gtk . REER . RIS HHIEST )
AN A R IBEALIR 2 (&), 53— 7 T s Al
PRGBS E S R R GIRE (&) P
1.3 ##ERIE

A58 e T KRS L I BEREA TR, il A v
M 105 5 R I A ) B 1 R T R
JEE P 8 43 2 o A3 3 TR 2 U AreGIS R4
Ak 1980 AF5E Rk A MRS A M T 1 5 T
oA R - SRR T A (75 14 126 /KRS L BT ).
TN T 3R BRI IR T 1980 4RSS ik 4
FE] 3 (119 4> ), 2008 44 e s 33 + i
JEAE (3 8324~ ) K 2016 4FE AR A A &R Ak b Hh 5 14
2 (3802 1> ) AYZK H - IESIAE £, Hrb 4275 DNDC
RERLZE AT T 1 1A HLBT (Soil Organic Matter,
SOM ), Zhki. pH Rz s 4. Wit R Shi %0
H A “PKB ( pedological professional knowledge
based method )” K 438 2 (A1 A& M40 EA T
B, X 2008 4E . 2016 ARG AT, A
WF5E R T ORYE 2018 AF AR /K H 3%
AELH SOM & i iy [l 9 B8 »=2.033-0.234x
In(SOM)THHR A

BRLA AT T A A FYERE H 1980—2016
AN T AR GRS, B KRS A Fh i T A
TR . RAC AT HLAR B . BRI Sl
N R ARSI G B AR 1M 7 75 4 [
FEAR USRI H fe i il | S (IR R I o A e
Tk B (R ISR B B 9 Z24F 6] B A o300k, 8 X H i
1o R K 90% 4310 £ R v =i i H - ( TX90p )

14 SEBEFEE

by A ST A it = i ( Extreme Heat, EH)
K ZEBE ( Long-term Warming, LW ) X} R4
JKH SOC MR, AMFFELL 1980—2016 448
Pt , WET 4 FORREAER S (1 MEH
5 3 AN R ). #EHl4lif% (CTRL) Ff 1980—
2016 4R H 5 RN 2 B #3418
RG] 1 (EXP_EH ) 7£ CTRL H f5e il i & A I
I A o e i H AU ; X504l 2 (EXP_LW ) 7E
CTRL H f il i B a1, a8 B o i v H )
SLMAE ; 56040 3 ( EXP_obs ) H 3K FSZBRULIM A9
EEST=TEA /TN
1.5 #HESZItHN

AESEERT 1980—2016 4F 380 417 K H:
AT X 500 25 R0 (4 K RS A LR AR b R
( Tsoc, Gg), HFRIMBAELAHIERAS I HZE (dsoc,
kghm*a') HHEAXWT .

n

APS=Y"APS, (1)

i=1

h
AMSC=) ASC, (2)

=
Tsoc=) (APS, x AMSC,)) (3)
i=1

dsoc=Tsoc/APS/37 (4)

A, APS 5T XK H HHERHAL, hm®; APS;
N i AKHE HIEEIBE AL, hm®; AMSC 54N
e AR | 1980—2016 -3 [A] SOC 1 B AR b,
kg-hm %5 ASC, R KA BE #0717 AL E 26 £ 4 SOC
b, kghm?; h WEERUEG (h=1, 2, 3, -,
37); AMSC; W& i MEIBERA L 1980—2016

http://pedologica.issas.ac.cn



3 25 fHAE . LT DNDC AR APk B it e R R 309 70 102 X6 7K FH = 34 LA 1) 52 i) 669

IR SOC My AL, kg'hm™; n N EIBES 5 .

1980—2016 4F- &M 554 (M il . <042
W e — 5 Wb RIVE ) o iss i i 7K e - [0 8 i R AR 1k
LN oY 0 = R/ w1

AdSOC EH :dSOC EXP_EH - dSOC CTRL ( 5 )
AdSOC LW :dSOC EXP_LW - dSOC CTRL ( 6 )
AdSOC LW+EH :dSOC EXP_obs - dSOCCTRL ( 7 )
Ad
TR = —2% % 100% (8)
SOC CTRL

A, Adgoc,, ol s e i o [T sk 2 4<% f6 FY) 5T ik
H, kghm™®a™'; Adgoe A WIAE B (Y STRK &
kghm?a™s Adgoe AR 5 A AR R Y
PrFl STk, kg-hm -a' o STRRR I 45 STk 545
Hil4l (CTRL) Z5RAIHME, %.

a)
=0.33x0,19
25 1LY 7 o3 wo ...- o °
MAE=3.75 o0 o, ° o °®
RMSE=4.65 Koo, o
20 i * @ 4
r=0.41 ®

o *Op

10+

- — Fitted Y of 2008 oe® . °
95% Conﬁdgnce Ban(li

o

FEUME Simulation value (S)/(g'kg ™)

FEUME Simulation value (S)/(gkg™)

0 5 10 15 20 25 30

SZME Observation value (O)/(g-kg™)

2 4 R

2.1 HERISFRAHEN

AHIT 43R M T 2008, 2016 4F/KAE+
SOC BLHUE 15 28 =A% s i 22 i 1% 1) [m] 4F ST A o5
(ma00s=1 725, nag16=1 709 ) BRI B UE ( 4] 1), 2008
2016 AF/KAEE SOC LIRS AE 4340 3 Bl 43531 Ky
0.70~27.31 gkg ™', 0.70~27.31 g-kg ™", HALAY[R]IY
SOC ZEWAr AL HE N 4.81~25.13 gkg'. 4.63~
25.00 g-kg ™', HITEAESCINAR AT AE Y R IX JE] N . BEAh,
B 5 520 R 5 3 A OC (ra00s=0.41
72016=0.42, P<0.01 ), ¥4 X} T 15 2 F 35 7 AR 1
I35 22 H % 7/ ( MAEg05=3.75, MAE;06=3.73 ;
RMSE;05=4.65, RMSEy;6=4.62 ), 18] DNDC # %!
T FH VR T KRS A ML 1) Bh A5 AR AR AR
St AR5 DNDC BB RSk e N
—0.063, BEHLIR2Zs M 0.643, AHiEM H-0.063 +
0.643 g'kg ™',

b)
25 | ¥5=0.33x,+8.85 . e . e
MAE=3.73  °,,°0,®° % e® o
[ )
RMSE=4.62 o®
20+ °

—
w
T

—
<
T

w

-—— Fitted Y 012016 oo ° °
95% Conﬁdtl:nce Ban(li

0 5 10 15 20 25 30
SEMAE Observation value (O)/(g-kg™)

P13 2008 4 (a) F12016 4F (b) WK H A HLBRASDUH 55 92 D0 L [l )

Fig. 1 Linear regressions between simulated and observed SOC values in paddy fields across Zhangzhou in 2008( a )and 2016( b ), respectively
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Fig. 2 Interannual variation of the total amount of soil carbon sequestration and carbon sequestration rate in paddy fields across Zhangzhou
from 1980 to 2016 under different climate scenarios
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Fig. 3 Changes in the soil carbon sequestration rate in paddy fields across Zhangzhou from 1980 to 2016 caused by extreme high temperatures

(a), long-term warming (b ), and their synergistic effect ( ¢ ), respectively
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