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Spatiotemporal Changes in Agricultural Soil Organic Carbon across
the North China Plain during 1980-2010

WANG Guocheng, XU Jingjing, LI Tingting, and ZHANG Wen

State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of
Sciences, Beijing 100029

Abstract A process-based model (Agricultural Production systems SIMulator, APSIM), which was developed in
Australia, was used to study the spatiotemporal changes in agricultural soil organic carbon (SOC) across the North China
Plain (NCP) from 1980 to 2010. The modeling results suggested that the calibrated APSIM model generally performed
well in terms of simulating changes in yields of wheat and maize and SOC under different treatments at three selected
long-term experimental sites: Xuzhou, Zhengzhou, and Changping. The regional simulations showed that most croplands
of NCP experienced an increase in SOC, except several areas of the northern part of Hebei Province, and central and
eastern parts of Shandong Province. The average rate of change of SOC was 0.35 Mg(C) ha' a™!, and the total increase in
the SOC pool was 257.43 Tg (with a total cropland area of ~24.52 Mha in NCP). Spatially, the cropland SOC pool
increased by 102.05, 59.82, and 95.56 Tg in the Beijing—Tianjin—Hebei area, Shandong Province, and Henan Province,
respectively. The increase in cropland SOC was mainly attributed to the increasing amount of carbon input during the past
several decades.
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AR ERAAWE T RERRP S (Ren et al,
1 35 2008). 4k, [ 20 HEZE 80 AEARLIK, ML Bk

TR AR S RGP BOR B, ATk
HA LB R S B2 R SRR ) 2~3 fi%.
DRI, 38 ZE I — M i sh #f e 5 1 K< =
AL (COL) WL ZIAZML (Lal, 2004). {EA
[FIRB R A S R g, ARG N RIE
B RS B ok S s[RI A A e g ) RURE P
T HBRBSOR ML (Food and Agriculture Organization,
2001), A% FH - 3EA HUBRHE N Al K< CO i
B g, NATHUE AR AES RG T HSE (CHy)
MEATAR (N,O) SFH Bl & SRR, X0
TLRAR A i B A E S

AR H - B L B 2 [F] I 52 31 A AR A0 RN
BRI IK S o RPN R R R )
A, I A A SR TR . )
Kb, WE TS SR AN ) 7 iE (Post
et al., 1982). % 5 H (Davidson and Janssens,
2006), TIEA MUK AR S A A A A e e IR
DK Be M HE a5 U5 B BT XS LA HLAK (soil organic
carbon, SOC) A& IFEM . [ /K & sl B A% JR i) A%
A RE 2 O TR A, (X S DT
DRI 2 o BT s 7280 A Y T e DX PR ) 21 L
FEK S I AT BE 2 BH 2t A 3P (Cavelier and
Penuela, 1990); [ 7ET F a1 M X )T 5 215
L, BRI AT 2 2E IR A/E ] (Zhang et
al., 2010a). AZSiEEN%T SOC (K52t A W2,
Ebandis Davidson and Ackerman (1993) #iE, HZX
P T B AR H S LR 30 em A HLBR IV 2K F
PJuTik 3] 40%; A W57 AL (West and Post, 2002;
Wang et al., 2013b), I8 s A0 B, toin
KIAEFT IR H D> RIS A0 e S A HUIR S, —
ficRE g Ik gz £L = Wi SOC &2k

Hb P R R E R R A e A, A&
& — KRR R 32 SR SR
AbZERGHT, & TR A X, B KR

H RIS S A FUIL At B AR AR
FRORS AT 3 B A5 LA B OR3P B A 435 il 55 6 9 R AR
MV B A A AR T ARG G 645, 2009,
5%k, 2010; Zhangetal., 2011),

T2 AR T - 3 AT L AR AR [ I 52 3] e
IRV BB R om0, P LI LR L
A4 R 28 H. 5 Wi A 459 70 650 ORI i) 60 22 ) R b HE A
R LA AT W A RTE, %
SRR T R AR ORI A RUOBE F AR 3
BB ah 2577 2L b b H i A2 1k
FE A 34035 DNDC (Li et al., 1994). RothC
(Jenkinson et al., 1990). CENTURY (Parton et al.,
1993) L)z APSIM (Keating et al., 2003) %%, X 4
TRUHS 22 4 T A4 ] R DX R A T 3 A
WU A4k (Li et al., 2003; Falloon et al., 2006;
Ogle et al., 2010; Wang et al., 2013a),

ASCE SR EAEL 3 AN PG, i ]
Hlls, Fri: APSIM B/ & RS BRIl T~ B4
AR SOC KSR IR AR5 5 X RUBE (1) 458
ARCA RN B BRI (WA iE s AHLIE. RSAT
SR R ARG 1) APSIM B AUBAY T 1980~
2010 “FE (AL JA L SR LR K I 25 32 1k

2 #MRI57IE

TR D6 MR AR R B Y £
FF APSIM A5 A 1 FH 36 R UL £k ok H
W E AR 3 AN K e ARG S s ——R N N
B, BANRIG 5 B B AT R 1
Prom o SEU6 EHE RUE T SCHERATAH OC 48 (Jiang et
al., 2006; Zhang et al., 2010b; Zhao et al., 2010),
2.1.1 M

HFRI G T 1980 Ak, WG HH= 8+
TRy AN L 108 gkg |, REGEY
0.66 gkg ', AN 0.74 gkg ', WA RN

2.1

Fz1 B, HBMINETE 3 I IBAERSIES S (1980~2010 4)

Table 1 Locations and climate conditions (1980-2010) of the three long-term experimental sites

P A 2 ==l HHk/m LRI PC AR /mm BB

B 33°39N 116°22E 1 LA 20 15 848 1980~2003 4F:
FH 34°47'N 113°39E R G N S| 29 15 632 1990~2003 4f
ESF 40°13'N 116°12'E Wil 20 11 600 1990~2005 4f:
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12.0 mg kg_l, RS 5l 63.0 mg kg_l, SRR
ik 738.5 mg kg, pH A 8.0, FhARHIRE k&
F—HEREAE, —FP#.

I IL R 8 ANAN A BR B2 1) A0 NE AN HLAE Ak
B, AR A 2 ANKEEE, 535108 AR CCKO
i AR R HLIE (NPKM). NPKM  4b B ()
A W BPIEARAENE A 2050 (ND 300 kg ha!
(1 ha=0.01 km®), GHUERIEIE. (DR
HCE], SRR S, SR FAR R 2 ik e
HHEEHUR S R, T RS TR B
1 ). Jiang et al. (2006) F1 Zhang et al. (2010b).
2,12 #M

H [ERER 45 T 1990 KR, #IaaHhE 13+
TR AHURSER 102 gkg ', REERN
0.65 g kg, HRBES RN 7.7 mg ke HRHE
4 65 mg kg, pH A 8.3, FlftiihilE k& NE—
HAFKRAE, —EWRH.

I ILHE 9 ASANEBR B2 1AL NE A HLAE Ak
B, ASCERUILT 4 MB350 CKL A
o BRI CNPKO . it iy 2 Wi A I R0 A AL IR
(HNPKM) . Jiti Ui #F AL ANFE Ak (NPKSE . %
R AL B, N4 AR N 165 kg ha '
FoK 1991 455 N 165 kg ha ', 1992 4FJ5 20 i N
187.5 kg ha ' HMNPK AbBE g HUIE L8k T3
A ZERE 6 . NPKSt ANBE i F KRS FF A 5RIAE H . 1R
BREEPAECE], SRAE T HERE S, SR TS R 2
R I U I O T ARG B B R 1)
1% ELii% W, Zhao et al. (2010) 1 Zhang et al. (2010b).
213 &F

TR EG 46 T 1991 4FERZE, Eat IR N -
HHURE R 117 gkg |, ARG EL 0.64 gkg
SRS EN 1.6gke , 2GRN 173¢keg |, pH
A 8.7 BRI Ay 2/ NE— T FOKARAE, —4F R

RIGH AL BE 10 ANAS IR BE (AL AR A HLIE AL
B, ARSCEEUILRR 2 AN, 459005 NPKM i
HNPKM., P54 BE -p 3 7EE AT 26 N 150 kg ha ',
HNPKM A2 it A5 HLIE (536D Lt NPKM Ab# 5
1.5 fi5. YEMIRGEJGE FRCH], R TIERES, R
P FAS TR 2 vk T AL & . ST
TR H e B TR 145 53 W, Zhang et al. (2010b) Al
Zhao et al. (2010).

2.2 APSIM #E K HSH b
APSIM A i TIOR3 H TR AR

HAES R fE DL AR R G B (Keating
etal., 2003), ALY L IEAEABII (SoilND Hf -1
Xk 3 MR E: HiEEEHURE (FOMD. 1/
YIikE (BIOMD DL JEFE U (HUM). FOM 41
FEPTA BN P O A AL T CEE I ) Bk
R LA HUIEE, FOM #E—40 h 3 AN,
RIS KA & (CHD . J54F4E % )%E (CL) AR
EARFTERE (LIG). BIOM A T34 prTy it 4
YRy ). HUM A HE T 38 b AR 2
HUM 853 B J2 A e 73 i (R T VE B I (Tnerrt_
C)o IR EAN 188 A S JLW i (1) 3 it 1A — 24 )
JIE N, A B — 20 8)) ) i 3 R0 L R
P EAGIE N BB € 78 = A1 PN R e o w1
B YRR WAL LA, pH %% (Thorburn et al., 2001).

APSIM #E PIRHUS K DL H by Spy, H T 3R 30
R 8 H ARG A G e i il Bk
AL, XS A Met B AR . AL
FHT B 3 AN T 67 e sty s SR IR 5 s ok
H H AR BT (1)t i, GO >k A <
G Jm Wk o For, SRS AR AR UL ) R A
LD PR B A B (Jones, 1992).

IR 3 AN e ARG A I ) 3 B
i 1T B - R FE IR A . FRYE Luo et al.
(2011), JUH TIERRZER) I 1D BRI
BILA BE - 5 R B 3G i R Hos s, R 53 L35 m o)
i T3RJE 0~20 cm; 2) {fEF)ZE LY (>20 cm),
NGy o I P L e 36 2% - 48w 3) FOM =
FIERE (0~20 cm) . #SCHkd HE T
0~20 cm T ZMHIEAPAER, WLL1.32 52
FHFRAFE] 0~30 cm 1 JZ ) 3 HLAK % % (Qin and
Huang, 2010).

2.3 APSIM #& 2B IE FIGIE

AR i RZE (RMSE, 184 Rvse)~ 48
XPEA 2 (RMD, id4 Rup) AERIRSR (EF, id
N Ep) SEGTE AR B (R I S A

100

RMSE_7 (D
,@ N (E,OI_)
RMD_ 5 ; n ’ (2)
>0y
Ele_izl — ) (3)
Z(O—Q)Z

Horr, n GFEAE, BOWBHIME, p ABHUE R



S

494 Climatic and Environmental Research

A 20 %

Vol. 20

B, O NWLIME, o AWINEFH41E .

75 R 3 K AR gk AR, AN ERK
(7= R 4 A 112 AT REAS, BN k%
o 56 ANHFEREAEMSEINRIE, 5i4b 56
TREAL A IOAE s 1 3 LA B b AR X D
(56 AN, FEHE 3 A BAFEG I £
AT HUBIAH BAIRAT, T LAASC S APSIM -3k
FE BT TG IE . 36 24 3 3 FI3E 4 43 B At
R IEJGE /N2 FRIIED S E LA S5 2 30
SYBC RG], 5 3 A A R P A AL I BRI

2 APSIM #ERIF F/NEHEMSE
Table 2 Parameters of wheat in the calibrated APSIM

model

24 ik Hife
vern_sens FAFEL 2.8
photo_sens JCRII AR AL 25
phyllochron — K BRI A £ 85 °C d

grains_per_grain_stem A T 2R TR R AL 26
potential_grain_filling rate ESUFbL [ ¥ AERESK I3 0.0033 mgd™

3 APSIM #EERIF g EXRHEMSE
Table 3 Parameters of maize in the calibrated APSIM model

ZH ik EACEN
tt_emerg_to_endjuv HE BRI R #2857 240°Cd
it B £
est days_endjuv_to init AR T AL AT R AL 20d
tt flower to maturity TFAE 3 B 30T e ) 700 °C d
tt_flag to_flower TR B T AT 5 AT 10°Cd
tt flower to start grain  JFAE I AR HE S BT o5 B £ 140°Cd
head_grain_no_max (527 SEPN TN 660
grain_gth_rate AERIURFRE ) A= K T 11 mgd™
photoeriod_critl R S 1 12.5
photoeriod_crit2 6 AR FHE 2 24
photoeriod_slope SRR 19

F4 APSIM RELIE & R L IR E DT RE
Table 4 Allocation of the total soil organic carbon (SOC)

pool to each sub-pool

TR LSRR AR R A A
J&¥/em Pt vy LA B 1 L 451l
0~20 0.06 0.40
20~40 0.05 0.60
40~70 0.04 0.80
70~100 0.02 0.90
100~150 0.01 0.95

24 XIBEBKRERTEY

R D IAAEL (1T ) 8 1980~2010 45, S [l
AR IR (BRI RKE. Wb ZRA
TR BIACH o b R A R i N\ S 8 B

SR AR . R A ERA oAb A it
H. RFRE R, AU R LEREYIEE I
iAo WX SR BE B () SRl N s, K
FHIEE B RS (GIS) M SR, ¥
LA AN () 2% 1) i P 4D et 5 5090 2 e b e 060 78
H BRI DX 35 HL 25 18] 43 3 2 A ] 1 2 ) 508

DX 358 R PR /5 B A ] 2 ) 4 4 7 v v 5
(Thornton et al., 1997). ¥4, WHAE 670 4 i ri
1981~2010 1% HA S, BFE 5 &K
W BEKEE. WG, T GIS (23 a0 M 5 Ab FLE:
AR B b il fUR% B A (RS T AR [ HE %
AMFRR T HEE 10 kmX 10 km [ £k
# . HR#E Thornton et al. (2000), % H [K14R S8
RN KT R AS

T AR YA AR S R A
. ARG E. pH H. HIAFEKE R 2 R
kAT B R B e o ST (Yu et al.,
2007), ZEHE SR 5 HEE R 10 kmX 10 km.
Horp, W16 T3 OR EAR R S A U ) =
SRS ERSES] (R 4 AT

AR FH P 25 1] 2 A B0 >k B b B 4 R0 s
#£ (Liu et al., 2003), ZEIEHERAE T 2000 F 440
(LR S Ol H T2 AR 1 R s
ASCABEBEM 1980~2010 4[] AL T JFAR FH ) 2 1)
Iy A A R A AT

BT TEGH I DR AR R R H Y, AR
HRN R R H AR S BB E 2 s, BRI RS
KEE 10 H 5 HE 11 H 10 H2 0\ B K
B H AN RS AE 6 H 6~15 H21A (Wuetal.,
2008).

T30 )L A 4 R A b 1 D ks S it T E
(Wang et al., 2008), AICECE ™ 1R E (30 cm)
KOy T AR R R K 1) 70%0, A28 [ a4k
HEEATHERE, E2) S /K EIA B ) FK SR (Yu
etal., 2012),

PG = A S (2009) 5S4 AN AEAR
ANFE RN K I FEFT I FH R 2L S fios o

5 Hb DX AR ) U i ok BT b RO R
FBE gt $dlE  (Huang and Tang, 2010), &5
HUIE It FH &k B el Bl Ch e N RS RTE AR
s 2009, H A HUAE P AF it 2 U 4 AL
i, AL Yu et al. (2012), FATABEA iy A Hcdhs
i K A E PR B TR PUIEREN . Bk, 4
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A# ] Monte Carlo (Robert and Casella, 2009) /5%
FEREAS M LA HUIE T &GP £10%)
NGRS 7R (PDF), i fi APSIM ZERE M
o MLk PDF A BEALHkIE 300 A A HUALE H =g 1T
300 ¥, HUBRLES ISP A FTF 95% EAR X 1)
M T 455850 #r

£5 HATEEET 1980~2010 F£FEFEAE
Table 5 Stubble retention rates across different areas of

the North China Plain (NCP) from 1980 to 2010
1980~1990 4F- 1991~2000 4F: 2001~2010 45
WX N Tk N /S N Tk
b 025 0.25 0.48 0.36 0.55 0.43
R 025 0.25 0.48 0.36 0.55 0.43
Wk 025 0.25 0.64 0.49 0.65 0.53
W 0.25 0.25 0.41 0.43 0.57 0.57
LWZ& 025 0.25 0.39 0.16 0.45 0.18

3 HERED

3.1 APSIM ## g384iF

BN S R WoR, RIEJS 1) APSIM Y]
DU G AR M B AN B~ 3 AN A7 A5
sl RN R EK I (B D BAIT . KRIE
J 1) APSIM 84 R] LAS3 7l iR 56% 1 78% 1) oK
RN = A4, BB A0l i ANFI AL T

10 -

HERE/Mg ha™!

O EXF=E:y=0.77x+1.28, R?>=0.56
oL A NEFEE:y=0.78x+0.93, R?=0.78 o ©

NP R R AT K B 46 R

XF APSIM A5 7 rp 44 1 38 1) A9 R A T4 1
Jo (3 4), FERYBENL A A YR A 4 ) AR 6 3
th, HAETR LR (0~30 cm) - HEA LB AR bR
A (B 2) 0 FEAR M3k ) CK A RIS P 35 13 (1)
CK J2 NPK Ab#ieh, BRURDULI i L 3586 L S A4
B B T 2D, g FL s 4Bk i NPKSt. NPKM &
HNPKM &b 2 o 1) b 3847 LRI B A B I [ 5248 Jin s
# (B 2D,
32 HIEBNmITK

DA B oR, 1980~2010 4EfR), b
JEUAR H I MU i i e AR BT (B 3). b
HATHUR B EAE 1980 4EARL 1990 4EAR LK 2000 4
ARIFAAE 439900 31.15 (31.10~31.20, 95% B {5 [X
I RPE— R, D Mgha ', 34.51 (34.39~34.63)
Mg ha ' i1 38.65 (38.46~38.83) Mg ha ' (£ 6),
T 1980 4F 1)U 3 HLAK 2 5 (29.27
Mgha ) 230 EFFT 6%, 18%F1 32%. “FHkit,
1980~2010 4F[H], bR H 54 WUk AL
1980 44X 1990 4FARLL A 2000 AFARf) - 345484 s %
S¥01H 6.44, 878, 1052 Tga ' (& 3). K FH
I LB AR AN, ARAEP JRUR T AT AL
W& [ 1980~2010 4E3L14 N T 257.43 Tg, A 1H
RS WU P S s R 204 350 kg ha ' a '

MI{E/Mg ha™!

K1 APSIM AU E ik e s /NN TR A IR CROIRE 101 £k, AR RIHE 2R 23 ) 2R SRR/ 2™ B R EL 5 28D

Fig. 1 Validation of APSIM-simulated wheat and maize yield at the long-term experimental sites (dotted line is the 1:1 line; solid and dashed lines are the fitted

curves of maize and wheat yield, respectively)
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Fig.2 Modeled and observed SOC (0-30 cm) under different treatments at each site after calibration of APSIM model: (a) Xuzhou; (b) Zhengzhou; (c) Changping
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b P IR H I PR 1980~2000 4[]
I8 2 0 ) 2 DR R AR BN R A (]
4)o RUESR FAHUIEANED)RR 8 R B 50 N 2 i P )
HInZEtg, (Hk FAEYIRS TS 23 (B N B 1S n -1
SyEl L, JUHAE 1980~2000 4E[H], X FZEHEFET
eGP S e FHAE I 23 U148 HLAF OGBSk 4 2y 1t A%
RS FTIE I I (3R 5D
3.3 KRHEITIFEANBRT LT E4FE

ST, 1980~2010 4E[a], b F 54 3h X
TIEA U AFAE I B Xk = (B 5. T
ANBETRPEN BN (& 4), HEdbF 5 HE 3 H X
(A 3 HUB AR 52 LT (B 55 (HIdk
AAGEE S L ZRAE ORI AR S 43 B X A A
BUBRAT AR D s L B R W16 - 33 WA 5
L=

SR, fEAbETE . R LR A, &k
33 WL 25 5 7E 1980 4FAR. 1990 4FARLL M

2000 4E4843 3114 30.90(30.86~30.94) Mg ha ', 35.61
(35.51~35.70) Mg ha '\ 40.24 (40.08~40.39)
Mgha ' (£ 6), AHEI 1980 44 A T34 ML
B 185 (28.93 Mg ha D20 ETHT 7% 23%F1 39%.
RS, AR H TR B/ 1980 4E4R. 1990
EARLLK 2000 AEAC4510 30.27 (30.21~30.32)
Mg ha ', 32.32 (32.18~32.46) Mg ha ' 1 34.67
(34.46~34.88) Mgha ', AH#H: 1980 44k HIIUG
TR (2827 Mgha ) 45 ETFT 7%,
14%H1 23%. AL P, A H T3 H WUk FE AR
1980 4F4%. 1990 4FARLL K& 2000 “FAX5300 4 32.26
(32.30~32.41) Mg ha ', 35.73 (35.60~35.85)
Mg ha ' fil 41.42 (41.04~41.43) Mg ha ', MK
1980 4F 4% 4G T4 HLRR 3 (30.67 Mgha )
B ETET 6% 17%H1 35% (% 6). ¥&MNMES
P AP AR, SRR 7RI
X WARE LMY, &H RGP A

F6 1980~2010 FHEI FFEZRMXKRALIERE (0~30 cm) FAHBRMETN
Table 6 Estimated changes in cropland SOC (0-30 cm) across North China Plain from 1980 to 2010

1980 4% 1990 4%, 2000 4EAL
BV IR SOC # P4 SOC %%/ PN/ P SOC #J%/  PIUBBAEY  P3SOC %)%/ THMHEAR/
#ax  Mha JE/Mg(C)ha'  Mg(C)ha Mg(C)ha'a?  Mg(C)ha' Mg(C)ha'a'  MgC)ha™ Mg(C)ha'a™!
wdb—Idb  8.18 28.93 30.90(30.86 — 30.94) 3.55 35.61(35.51 —35.70) 5.43 40.24(40.08 — 40.39) 5.89
I~ R
%R 8.45 2827 30.27(30.21 - 30.32) 3.99 32.32(32.18 — 32.46) 5.02 34.67(34.46 — 34.88) 5.33
tije] 7.89 30.67 32.36(32.30 - 32.41) 3.95 35.73(35.60 — 35.85) 5.55 41.24(41.04 — 41.43) 6.75
A 24.52 29.27 31.15(31.10 - 31.20) 3.83 34.51(34.39 — 34.63) 533 38.65(38.46 — 38.83) 5.98
6.0
I— W
S50 mER R
50 ORI
45+
s 40
<
Q 35
on
= 30 —
1
< 25}
bt
K 20F
1.5+
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Fig. 4 Carbon input to soils in the NCP
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