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Abstract: [ Objective ] Straw returning is generally considered to be an effective way to increase soil “carbon sink” and mitigate
climate change. China is rich in straw resources, but the rate of straw returning to the field is less than 20%, which is the main
reason for a long-term deficit of carbon pool in farmland soils in China. There are many kinds of straw resources in subtropical
region, which also account for about 30% of the total output of the country. Therefore, clarifying the quantitative relationship
between the amount of straw returning and soil carbon sink in subtropical areas of China is an important basis for formulating
carbon sequestration measures and implementing national strategies such as carbon neutralization. [ Method ] Paddy soil in Fujian
Province, a typical subtropical region in China, was selected as our study area. The spatial database was constructed by the
digitization of 1 : 50 000 soil map paper data from 84 counties (cities and districts) in Fujian Province during the second soil
census in 1982. The soil attribute database is composed of 15 833 surface samples from the arable land fertility survey conducted
by the Ministry of Agriculture and Rural Areas in 2016. ArcGIS software and the PKB method (Pedological Knowledge-Based
Method) connect the spatial data and attribute data in a 1 : 50 000 soil database. Using the latest established 1 : 50 000 soil
database and DNDC (DeNitrification and DeComposition) model widely used in the agricultural ecosystem, the future dynamic
changes of soil organic carbon under different rates of straw returned in Fujian Province were simulated. [ Result] Results
showed that the average annual carbon sequestration rates can reach 173 302 478 and 838 kg-hm™, and the sequestration of
carbon amounts were 11.56, 20.15, 31.90 and 55.95 Tg during the period of 2017-2053 under the treatments of conventional
management (15%), straw returning of 30%, 50%, and 90%, respectively. Straw was returned to the field from the perspective of
carbon sequestration rate, the average annual carbon sequestration rates of Acid sulfate paddy soils and Salinized paddy soils were
the highest, which ranged from 220 to 920 kg-ha™' under different straw returning rates. In terms of total carbon sequestration, the
total carbon sequestration of Percogenic paddy soils and Hydromorphic paddy soils under different straw returning rates
accounted for 81% of the total carbon sequestration over the whole province. Considering the administrative areas, the average
annual carbon sequestration rate and total amount in Longyan and Quanzhou were relatively large, ranging from 202~937 kg-hm™
and 1.55~8.34 Tg under different straw returning rates, respectively. [ Conclusion ] In general, the increase in straw returning ratio
contributed significantly to the “carbon sink” of paddy soil in Fujian Province, which is worth promoting. However, under
different straw returning rates, due to the influence of soil properties, climate, fertilization and other factors, the contribution of
different soil subtypes and administrative regions in Fujian Province to carbon sequestration varies greatly. In the future, it is
necessary to formulate reasonable management measures for carbon sequestration and emission reduction for different soil types
and prefecture-level cities.

Key words: Straw returning; Soil organic carbon; Paddy field; 1 : 50 000 database; DNDC (Denitrification and DeConstruction)
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Fig. 1 Distribution map of paddy soil sampling points in Fujian Province in 2016
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Tk

AFFEFFEHET 2017—2053 448 #4457k H
TS W R CBRICT RN (7). Hr, g
R KRS - FER K RS L 7E 4 FhAS AT 6 AL B R 4Ry
[ AR e, AT 220~920 kg-hm 2 22 [H], 3%
FEHR T ENER S B T 28 FHKF, 4

K E] 29%F1 18% (& 1), & [BIH 4> H7 F BH B
B i A A R KR A7 X Rk R 0 A R v
ik 33.7%~52.8%, = IECRA R TIE A AL
THLE AR, NI T HHEpsAL R pah,
A 4 AR KRS - ) G A PR AR, R
13.26 g'kg ', W4EHAHLIEH &SR, K5
47 kg-hm ™ (LA N3 ). A Fe /N — 3 [0 05 43 Hr 2 11
(L 6), AL 25 o i e 2 7K - 498 4 35 [ e
RN E LR T, R EW, AR AT
TR b R S R, UM R AN MR
B KR LB E KRG LAE 4 FIRSHTF L H R T 4R
IR R AR, AT 140~842 kg-hm > Z[a], Hi
HEEN WP R A CEE X, RS H AT
KRR, A LA B ORA N 20 A 8 e 45y %
1%, FHEOZW KRG AR S & T2
BIKF, 3 3 BOR K i ARl A B P 5 43 il A DL 5
Jo BT TR b G L, R i
R T 28 P, AN 9%, 5 HIBERL A -t A F)
FAR A A H () I A . HoAth - W 2R AE R
[l A AR FH 3T B4R 3 B i R KT 24 3K
S, AT 158~857 kghm 2z Hrh, BEKHE
T ZnmEREE . BRI Zmawm, #E
IR A 2203 A T JEU N 235 25 A0l A R (s 1X,
B LSRRGS, MHEDT AR, kR
R, AFEHAIEY T 280 kghm? (UUIN i), &
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Table 1 Distribution of initial soil properties, climate factors and fertilizer application rates for the whole region, different subgroups and
administrative units

R
WIRAEHLER Rk AE AR R A AHUIE
Annual mean
Initial SOC/ Clay/ pH Bulk density/  Annual mean N-fertilizer/ Manure /
temperature/
(gkg') % (gem”)  precipitation/mm : (kghm?*a', N) (kghm?Za', N)
(<
f#4 Fujian Province 15.72 17 52 1.28 1596 20.3 285 40
JKFE T2 Paddy soil subgroup
UK A+
14.58 17 52 1.30 1626 20.1 288 40
Bleached paddy soils
WE KR+
16.77 18 5.1 1.27 1 668 19.7 272 34
Gleyed paddy soils
BHKRL
15.56 18 52 1.28 1-600 20.2 285 41
Percogenic paddy soils
JRCR K FE -
16.84 29 5.1 1.24 1270 21.7 293 38
Acid sulfate paddy soils
WH KL
12.21 9 5.0 1.33 1399 21.9 284 54
Submergenic paddy soils
e YN R
13.26 18 5.8 1.33 1414 21.0 324 47
Salinized paddy soils
WEHE KR L
16.09 16 53 1.27 1596 20.4 284 39
Hydromorphic paddy soils
FTHIX Administrative area
f#JIH Fuzhou 15.09 16 5.5 1.29 1456 21.6 320 47
Je%+ Longyan 17.48 16 5.1 1.25 1648 20.9 259 56
7 Nanping 16.71 17 5.0 1.27 1758 19.3 252 22
T/ Ningde 15.36 18 53 1.29 1719 17.6 246 25
T M Putian 13.18 17 5.6 1.33 1543 21.9 445 56
SR Quanzhou 14.56 20 5.2 1.30 1504 20.7 281 60
=M Sanming 17.30 16 5.0 1.25 1681 19.2 292 27
JZ177 Xiamen 15.14 16 4.8 1.28 1326 22.0 280 56
1M Zhangzhou 14.33 18 54 1.30 1470 22.0 295 39

HWEA PR S Y ST 15 gkg!', AH T 5 HIE
B, TSR KRS 1 A R RE 3 AR A KRS 72k
AR, N 17%, WAFTFERE

MR AR R (F 7)), ANERSFFAET
4G 25 /KRR 2 1 [ B BBl 22 AR K. Ho,
B KRG LU B KRS LA AR RS A1 A0 BT 1 [ ik
BRI IR K, 20 I T 94%~490% Fll 84% ~428%

ZME . RZHFERY, LIEP R R E—
RUTFIE R, WO HLAR & By, O 300
BN, R S R R AR KR
b BRI AT HLBR 5 iR T A T A B
., K3 16.77 gkg ', HIBBIIEEN, il TXE
FHARAE THACRE, AHL B RS 0
ARG, BT ALESMERS AT AT, [ BRAE B
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Fig. 7 Carbon sequestration rates ( kg-hm>a™') and total carbon sequestration ( Tg) of paddy soil subgroups under different straw returning rates

B KR Ll TR A DL & =AU T HAT S,
12.21 gkg™', BCIEAMERSFFINAT, [E8kAE Tt
komﬁﬁg,ﬁ%mﬁiﬁﬁﬁmﬁifxﬁﬁ
FF 38 B A BN Y A SR S IR B AR, 3 il A
%%NM%WM%WQ&%Z@gﬁiﬁﬁ?_%%
Fbi SR, ik E] 29% M 18%., T IEMIZL
WL 23 R AMIE A B I S LA A = W 0 i R
WEENT, HHEPAYERAERE SR SRR
IEH, T DA R AR A RN R B DU S
XA 2 A AT LA B 5 e AR R KO,
[N

AR AN F KR 2 “RRICT BTkok
EF(E7), BERAR ML T KR RRESY
[ e 3 38 e e A RS S 28, EL BRI o T AR AR
8.46x 10*hm*, X /i 78 X /KRG -+ A i ALY 4.69%,
FECX P TZEAE 4 RS R 2N /9 B ik A i 5
AN, BT SRR R E R R 6% AT, B
B KRG E B KRS - R R RS FF 34 FH 3 ]
B R TR K R AR KRS £, HEPIE R
AR ik 147.33x10% hm?, (5 #F 5T X T ARG
81.66%, 4 FhAbHF (W RE Rk & AT 9.45~
45.52 Tg Z [a], 24 5 0F58 X E [k 1Y 81%. L4k,
RV A8 R i et A iy, H R L AR
2.40x10* hm?, TﬂﬁﬂLEﬁTﬁ%ﬁ%“%m”

TIHRRZA N 1.3%; M T KRG+ A & KRS+ AL

[P B S SR AR, i L PR A R TN 22.21%10% hm?,
ANRIRS FFIR 3R R X448 1 “BRIL” STlkR 29K
n%oéw%ﬁ A KR A [ e A 37 T ik

RN A T AR N R R . B, AR R4
A4 AR Bt T RS B e S TR B KRS LR
IKAE 32 - 38 (A PRI HH RS E S, DA 8
4wl AR EEA.
24 AEHBFEHETREREZEASITEXKELN

B iC sk
A 2 S [R) b G T KR - 7 A4S SRS FR A H S Ak

HUR Y B GHR AR 2 R AR (F2). Hip,
e RINFEEH 3 NG TE 4 FhRS AL H AL HE
AR R R K, AT 202~937 kgthm P2
. MFR 1 ATl —E h, B RMATEH 3
AT AR B ABAR K, AF 344 MLAE jite FH 34
#id 55 kg-hm ™, 2 5 T 28 FH47KF( 40 kghm ™2 );
Wb, Jea Tl T SRR Pk, AR
(20.9 °C ), MAFEHFEMEEK (1648 mm), K2
A 25 A R T TR . ARG T S, RO =B 2
AR 4 FlRE T H AL BT (0 4 25 61 Ak 2R 24
BN, AF 110~811 kghm? Z i), X EZEHF
THVITEA UK E RS A ) 16.71 AT 17.30 gkg ',
B TAam K (15.72 gkg '), TAESAPLAE
JitE AR AY HR 22 F1 27 kg-hm 2, K T4k
- (40 kg-hm ), ASFITF 1 [ %
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Table 2 Carbon sequestration rates (kg-hm *a™') and total carbon sequestration (Tg) of paddy soil in each prefecture-level city under different
straw returning rates

FEFFAR HI 2R Straw returning rates

15% (fERER)

30%

50% 90%

ATEIX Y Area
Administrative area / ( 10°hm®)

AR J58 4 AR J58 4 AR SNy A P84

dSOC Total amount dSOC  Total amount  dSOC Total amount dSOC  Total amount
f@M Fuzhou 19.06 196 1.38 320 2.26 490 3.45 832 5.87
Je45 Longyan 20.72 202 1.55 327 2.51 497 3.81 839 6.43
g F Nanping 30.70 116 1.32 243 2.76 419 4.76 786 8.92
T4 Ningde 17.24 162 1.03 304 1.94 504 3.22 928 5.92
H#H Putian 7.32 267 0.72 391 1.06 557 1.51 888 2.41
SEM Quanzhou 24.04 246 2.18 382 3.39 565 5.02 937 8.34
—H{| Sanming 26.38 110 1.08 243 2.37 426 4.16 811 7.91
1] Xiamen 5.26 172 0.33 297 0.58 466 0.91 803 1.56
1 Zhangzhou 29.68 179 1.96 299 3.29 460 5.06 783 8.60

R 2 ATLAE Y, AN BN TR 3 b
TAETT 1 ARIERTRKRELE 4 FfSFHE H
b BT AR ¥ [ ik R A X RN, AT 162~
928 kg-hm > Z 0], Hodr, #MI . M AE T
ALK, TR BRI PR KU, 4
YR m T af FHEE (203 °C), MR W&
R T28 K F (1596 mm ), =5/ 5 iS85
PRI T b A HLBR OB AR5 i T XAl
AR AT R, AR R R A LA it FH 42 4 514
f 246 F1 25 kg'hm?, KT 2E FHKFE (285 i
40 kg'hm ), WAFIF HHERERR (£ 1),

M 4 F R H A0 BT 4 A8 AN TR AT B X K
e+ FmH ROk R (£2), T2 EHEEE.
SAEAALEAF , AT BUX [ A e ) 22 AR K.
Horpr, TR KAE AT G BT (Y [ Bk %
BAK, HBES FEFFL R AR, A 35 [ ek 3R 4
THBRH, YFEFFE FH 90% M) 4F 24 [ il R AL 9
AT P HESS 2, PR AR E AR RE ) R, X
BRI iz AR R AR &, G55 1719 mm,
T A 24710 B 12 i A b g iy vh e AR L AU 17.6 C,
A% 1o P 4% I e RS AE 1 30 B R R T 1 A ALk 1)
O3, BEARSNEA LTI AR R EPGE . N 4
TR 340 T A 3 i 4 AN [ 4 7 B DX 7K e [ i

WAMEE (£2), M= 2 DT AES A
AR BN Y [ ik S B IR RO, 3 T 109%~578%
F120%~636%, 3= PR X P T AR A A AL A
BAETA T R RN, Bk 22 kghm? Al
27 kg-hm >, A H TSR IRSFTF R B 3k AR

M 2 FTUUE Y, ASFERSFRE R T A 45
AT XK ARG 0 BRI 5T ik A2 T FRURI [ ff i R 2
Wl Hof, Jes . SRR 3 S HbgiifE 4
FRASFFIE AL BE R X 24 KA /M “BRIL” STk
K, BEmaEETHA 2B 45%. oh . B 2
AT B KRS I ALE T 44.75%10 hm?, e
KRG - S B 24.8%, [ B R Ay HIAE 202~
839 kg-hm 2a™' Fll 246~937 kg-hm >a ' Z[f], K
F14) TR R TR 82 vy D 1 e 3 23 B0 T 1 b 20 T 19 [T e
MEATANT 3.73~14.76 Tg 2], 2k 48 KR
- R ) 29%. TN T R R A 457 1] i SR A X
AR, HAKRE AR b e SR 16.45%, F3
LR R B AR X RS, AN RS FF 38 H AR B A F
1.96~8.60 Tg Z[al, 247448 KH 4 [ f i o 1)
16%. MeAh, BEFERI=0] 2 AT B ARAE 1 & R
HORBAE, EHOKR L BfE A ambKr, —
FATH A KR LA 32%, ASFERSFL
AEFR A R S A T 2.39~16.84 Tg Z ],
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25 B KRG - R B 26% ., HAATBUIX KR
TR RIAEFFA AL (0 e B2 45N, A
T 3.47~1575Tg Z[a], 2yhi A kSR 28%.
2.5 AHWEMESH

ARG T B A R 1.5 7
K HC AR, A SR 22 T 15 000 224> SR s B3 %o
AN TR AP B3R B K R - [ s R S B kAT T
%, AH o T B AT A SRBUEE i R BR P, BTADL4G
FEAEUT 3 DN EAATHEN: B—, AR
BARR TG« BB 7840 R B o R 3
SRR R CEER REEH B i
/NELLERL T ) DNDC AEIBEHL, {H i F 2 45 AUIE A
A AU it 2 85 R M BEOREET LA B i DX S8R BE AT 4R
W, mebEdng B ORRsElRoT, —E R L2
TR AR 5, AW R 1980
—2016 FFRLEHAREARK 2017—2053 4EHEF AR
RIOKZ, HR T AR E S, KB IEWR
Uiy AR AR R R R . B =, BEE AR AR
BATHPGHE R, 2017—2053 4E44 + R H 7
KARE B 5 | KRG £ AR, (Bl FAkR
Hu R 7 S e AR AR KA e M, AR AR
R - HEE R AR, s — B R R A
gy, Wik, AJEW i EREZ R A
TG, XA A R A T e, AR AR
AT A VA

3 4 ik

AR R AR S AP 125 5 Kb
R AR Aol 2B 25T 12 (4 F i) DNDC B,
BT R [RI RS AT 38 R TR 4248 7K R 4 AR 19 BLa
AR L, G5 EM, 2017—2053 4EAL G B (F5
FFR M 15% ). FEFFIEH 30% . 50%7F1 90% K 4245 7K
Fed A Y AF B [ e B 43 1) A 173 302, 478 Al
838 kg-hm >, [Efk S50 11.56. 20.15, 31.90
F155.95 Tg, NFEUKFELWIH, BEMEE KR
FxF K EE) BRI STk, Bit 80%. M
ANFEATEIXOR R, A KR LY 45%0 BRI 51
BRI T SRMREIN 3 At . AT A4S
Wi R e T g E e R REN T ELES
VEFHT BAR A8 45 L 5 T R (] - 38 S 70 [ ik v )
ZE5EME, UL A AT AURR 1 R AR T A B R

BRI B0 [ B G g 5 e A, ARBIESE AP RS AL H
FIGINZE 90% T LM i 5 fEFr2ism, ix 32 2%
5% B LA HUTA A AR BARAT 5 o BT
W, AEATIE AR T XA A K T Ry el
BTRMRAR S, (ER RIS AT id T R 457K A L2 A
FrEOX 2 e e A AL A8 AR, [k e
JIZEFARTI, A Ja LA X P A [R] 3 R R Ay
BURTTH i AT Al A8 P
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