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Soil carbon sequestration and its potential by cropland ecosystems in China
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Abstract; Rising atmospheric carbon dioxide concentration is a concern because of its potential for altering climate. Since
the beginning of the Industrial Revolution in the 18th century, atmospheric CO, has increased by more than 30% . The
increase in fossil fuel buming and associated CO, emissions is expected to continue for the foreseeable future, and a double
or even tripling of the preindustrial concentration of atmospheric CQ, is possible by the end of the 21st century.

Some authors have thought agricultural soils could sequester a considerable carbon to slow the rise of the atmospheric
CO,. In fact, this sequestering potential depends on initial soil content, climate and cultivation. The long-term experiments
in North America have proved that arable lands have been changing from a C source to sink by conservation management,
such as reduced- and no-till practice, manure use, rotation, and introducing cover crops. From the point of view of
agricultural management, to keep the sustainable development and realize the carbon sequestration potential is crucial to
both crop production and carbon mitigation. The contribution of China’s agricultural practice to atmospheric CO, has been
paid a great attention because China has a long history of agriculture to support one-fifth of global population.

In this study, based on domestic typical long-term field experiment data, experiential models were constructed to

estimate the carbon sequestration status and potential of agricultural soil under different managements in China. In current
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situation, the carbon sequestration in agricultural soil of N fertilizer use, residue return, manure use and zero-tillage, were
40.51,23.89,35.83Tg-a™" and 1.17Tg-a™", respectively. The total carbon sequestration capacity was 101.4 Tg-a™",
which was equal to 13.3% of the annual carbon emission from fossil fuel use in China. In the scenarios of increased N
fertilizer use, popularization of residue return, manure use and zero-tillage, the carbon sequestration potential can reach
94.91, 42 .23, 41.38Tg-a ' and 3.58 Tg-a ', respectively. These management measures are very important to CO,
mitigation since the total carbon sequestration potential accounts for 23. 9% of the annual carbon emission from fossil fuel

use in China.

Key Words: agri-ecosystem; residue return; manure use; zero-tillage; carbon sequestration potential

KR COMEFRTRETENEIRIUFBHELZIMALEN T ERER, ARIEEE NI REFEE
BWERR COMREFRMBAIE . Br5RIRA RIS, WMk A S RE P HREM & Wil v 2
—FIEE AR CO, W HEE T , 3-8 3 T CrARBGE 15) &I

TIEAVBRSIDBHAMEZ BREER, IR REK g R B , W R KR E L ZEE . FSFE
H RS E BRSSO S EE SR, BB BMERE I, AR AR P RS I 5 KoK B R
TR AR RS AT AR H 3 A DUEME R FIsR A AR VESE , W) LAV Ak H 31 COL ¥ HERR , o e EE 2 3 i £ 3
AP &, EER, & HIEREE MR LSRN ERSREMHARY N EERS . CARERBE
B, % ik B R AT R R R E FEFFE B iR DR AL AR S50l S B HE 1t , S R0 IR R T 2
PR E AR RS ), KT IEBRE MR E SN, X T RIEERRAE R 5BRSEE Y B
WEHBPHRE X, PEEHAE EEENRLKE, B S&A S ERBEEE G T EERERNERE
ZZATIEHEEY . BEERJLPRAE R EN2SEREHBIR,

A IR 52 P 2 2 ] LA RO < B Ao SR IRl R Bt I 2R b, 404 T LR LB SRS B I
(HERAE GERA VUL R BME 08 THERB LIEERERNMX 2R R EPHMER JFELE
SNARER, S HEE SN T X S A FE B EE T P E A H LI ERBR 5%, X AR E
SN G R ABE AR RFK CO, WHEMR A o 4n iy 1) A i A 25 R G0 1) 1 i v ) SRR 224K 8 o
1 BHRAZE
1.1 BF5E R

AP RET A R BEE RO, IR R E S % 33t 5 B R G A 1 38A DUBRAFIE X ¥E
BHYTTRBB R B RER KBTS X, BRI, B3 &R 2 XK B 57 4 BORRSHERE T
(HE FRALIE (I A DU 5 FFE A4 0 8) i BB 2R, SR e AR 1 TR E &3 X B R0l A4 = BRIR A R SR e g
W€ 4 FIHHERE R BUR TR RIS 7, BB MERE 4 FHHERSEMR B ILRFE S .

1.2 RIASR

4% H - 4804 B Rk BE ) ZBE AP S VR LM IR AVE R S 2P E R, I LA S mE R R
BAEER, MAHUKREE AT LA PIBRER RS Fit, RECRL 4 X 87k, A R B 5 S8 I 4 B
KX H IR EBREE S TR . B T BEK I A LR PRI E RGP ER A 4 ARk X R
BAE-BX(]) At RERHRRARX (D) AEFKERAZARX (D) MEILREERRX (IV) (£ 1), EX
At AR T R [ B AR A, A SR (AN AL IE A e 08 RO IR R R 4 X TR
IVH#IT T A3, MERERERLMX . B i 1. &3 X IO RH R, B R4 RICA S R S X
HELEN,

1.3 [EpcERKTTE

T HEBR SR T 2 B B AR L 1M IR R R T M i X I 2= e, ZE T R A SRR A

R [E B 2R AT, W SR R BV TS Ak 3 AL B R il ek = A X Y 3R aRE L E
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Table 1 Provinces included and main crop types in agriculture zones in China

43X Zones AIERE T Provinces included FE /YA A Main crops
FRALBRAE—RX ( I ) Northeast single- BIBITA . EHE JLTH . HF G H LA Heilongjiang, R KEFDE-F
crop farming area Jilin, Liaoning , Northestern Inner Mongolia Comn, Bean, Spring wheat
b7 BAEFBX ( 1) Northern double-  JLFT KRB JHALE (LFEE AFEHABRK (BRI X RINEEEXREHB
crop farming area A HE X ) TR 4. LU &R 4 Beijing, Tianjin, Hebei, Winter wheat , Corn

Shanxi , Inner Mongolia, Heinan,Shandong

FER K ABB =X () Southeast _EIET AERYE JLAESE WILE  EHE ILHE WL ZHEHKBHBZR
double-or-triple-crop paddy field area B WEE WIE. . SEE FNE BERXTJ REJ Winter wheat, Rice
FHHR AR BHEE B ] . F E & Shanghai,
Fujian, Jiangxi, Zhejiang, Anhui, Jiangsu, Hubei, Hunan,
Sichuan, Yunnan, Guizhou, Chongqing, Guangdong,
Guangxi , Hainan , Hong Kong, Macao , Taiwan

FILEER X (IV) Northwest double-  BRPIE . HAE . HFEE . TEEEABK FEBLEER LNESERERB(F—R)

crop farming area B X . P9 ¥ 8 76 X Shaanxi, Gansu, Qinghai, Ningxia, Winter wheat , Corn
Xinjiang, Tibet
SCR, = DSOC, - DSOC, (1)

R, SCR, Ak B 1 R i % (kg -hm ~a ") , DSOC, A 1R H - 3B 4EE L & (kg-hm a2 ™") ,DSOC,
Ay TetitAR B 4R R (kg-hm a2 ™)
DSOCF11 DSOC, AT 84 T =X #) DSOC 113
DSOC = (SOC, -S0C,)/n (2)

A, DSOC g AR F L (kg-hm ™+ a™"),SOC, H & KB AL n 4FJ5 13T R ME
(kg-hm ™) ,SOC, 2% [f] —i B /X K HAE SR IR 75 B BT 19 + 3B BRPE ORI (E (kg -bm ™) ,n K B35 ALK Y
FEH

TR AR (SOC) FTH T AL R -

SOC = SOC’ x BD x H x 10 (3)
A, S0C K+ EAYVKEE(g-m ") ,S0C” KA B (g-ke ™) ,BD W+ HAHE (g-om )  H HLZ
JERE (em) o

SRJG TR IRAR M 2 DX S ST B B 2R S VR HE B At B (L BE R HUIE RIS AT ) Z RIS R, B HH &40
X B TR EIRGR AP ME T ROPHEE R RS AR SR8 A, Tk fE LR GET a#T, L RATH
0> KA R R R BB RAAT PR & K R E BRE R IE (R 2) o
1.4 EREIRAE I HEE

7% B SR B Bk B BLIR A 23 AR S B M 1 06 B BRI R SR 76 A B (UL A A DUAE RIS AT ) B
RO 5B R (£ 2) M55

(DAEARBRIE S WIERERE IR B o BRI AHEB R 7 B O/ 2003 42801 Siit
Bht. MAEEHRBRIEELSEF R Ao EAELEEHER DK E R R B H K FEEIX
&5 BHLER MR R 90% K{HE , VE o8 548 IR MR RIS .

Q) FAVUERAEIRAE N &R ERL MBI B 04R A 2003 £ A 0554
KEEOFERFEHSRBASEA B SRROFEHREY' , S HAVUERER  HBRRR XA IERG
FARILR YA HUE IR R 45% 7177, He R B9 L8 1 R BRIR A AR08 9 25 IR B A L IE % VR B 1Y
45% "% . AHUIEHE R BT AR KRR X 2 R BRIR A LR E i b RAEE 28R A0 173,

(3) FEFT & HEBLRFE S AT BEIRE ERRE P ERWA BRI R R 0324 2003 4£4
FEIR =8, T AR RAE Y RORSFEATRL L S BIREFF IR R R B RURFF R 3, JRRFEFFE H R 2R
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FASHELECHRERED, F5FEHEE R BRAF IR, A& B 3K R 50% . E
KHLIR 95% , HAARYIBI T % 100% ' 27 SR IS MR A4 T X AR AR BB R I AR (G880 ) BEAT AL
¥, B AFEW X PR SRR R,

®2 RATHEABEENHEE
Table 2 Carbon sequestration rates of agricultural soils

L K AR a8 HRERH BEMAE
Measures Zones Equation Numbers R? Significance
e LR 1 SCRy = —2.344N +460.07 27 0.4261 Sig. <0.05
Fertilizer use I+NV SCR; =0.215N +67.981 13 0.5343 Sig. <0.05
m SCRy =6.423N -1173.3 15 0.5273 Sig. <0.05
e AL 1 SCRy =24.092M +277.23 50 0.4032 Sig. <0.05
Manure use I SCRy =49.795M -275.28 9 0.5518 Sig. <0.05
m SCRy =9.042M +521.74 11 0.4899 Sig. <0.05
1\ SCRy =10.614M -4.254 3 0.8835 Sig. <0.05
REFFEH I SCR; =170.32R +803.46 13 0.4797 Sig. <0.05
Residue return I SCR =58. 068R +20. 688 10 0.6139 Sig. <0.05
m SCRy =16.796R -15.917 17 0.5179 Sig. <0.05
I\ SCRy =0.505R +231.73 7 0.4114 Sig. <0.05
S I 255.2 7
Zero-tillage I+NV 268.4 7
m 343.7 9

w X T ARIERE—RX, T Abr BERRK, I AEHKERR=RX, V. LR ERRX; « * SCRy N+ E R H R (kg hm ~>
1) N H AL A& (kg-hm "> a ™) M G H LA I B (Mg-hm a2~ ) R ABFEHE (Mg-hm %a™)
# | :Northeast single-crop farming area, I ; Northern double-crop farming area, Il ; Southeast double-or-triple-crop paddy field area, IV ; Northwest

-]

double-crop farming area; * * SCRy :Rate of soil carbon sequestration ( kg+hm2-a~'); N: Amount of fertilizer use (kg+hm=2-a~!); M; Amount of

manure use(Mg+hm “%a~!); R; Amount of residue return(Mg-hm ~%a~!)

/DB BRI S - B M B 64T T AR BRI Rk B B HURAR %) (2003 48) PV MRiER
b ER Gl R AP B R R R AR (2003 ~2012 4F) R E L 13 47 X-Bdb R RE w4k L vg , P ge
H AT AR BT BT H A T E BT 20% BB T DL S BUR S B, R I S M R B
FFERNE S AL 13 4T X BBE AR EG 20% T R ( BABEOAE T IX) B MGATE AL IRIR o
2 SEMITE
2.1 i FEALAE ) BB BRIV

FRE A% F i FRALTE B BRBRIR A 40. 51 Tg-a ™' (323) , o IUARE BB, 158.11 Tg-a™' , BME RIE,
K -5.44 Tg-a™' VB 4 METH R HAME, TR S TYURIEAIBES B LES, HFAEERl, Wi
fr E ARG B BE R b RE , 2 E T4 15 380.78(95. 20 ~666. 37) kg-hm a ™", 1 X [ 254k HLEE o TR E
b7 ERBAR, A AR X X , 5P B T B 9 40 A AR L AR

RER BE T R0 LR 2 ST SR B B B ) 94.91 Tg-a ™' PR IR A BB, 15 18.35
Tg-a™ , HHERIE, 7 -4.06 Tg-a™' . BETLIEHEE, 2EHARE 4 M X TEE RS HHAME,
MM TR FRREBRE S LB, SE PR TR 892. 07 kg-hm ™a™' , RBURA) 2.3 1%, HX A2
P 5 9 R AR BRI AR o

O aE# PEAIERERSFAIFEANE. HERIAFE LA, LR, 2002
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3 HERBIEGESIRIES
Fig.3 Status and potential of carbon sequestration of agricultural soil

BRI (Tea™") BBk 1 (Tg a™)
EHX Carbon sequestration status Carbon sequestration potential
Site MERALRE  ERAVAE  RFTEHE Sl MRIE  ERENE  RBTEE A
Fertilizer use ~ Manure use  Residue return  Zero-tillage Fertilizer use ~ Manure use  Residue return ~ Zero-tillage
4L 5 Beijing 0.04 - 0.03 0.01 0.04 - 0.05 0.02
X 7t Tianjin 0.03 0.04 0.08 0.01 0.05 0.14 0.14 0.03
Tt Hebei 0.77 0.31 1.42 0.40 1.01 1.24 2.59 0.40
111 7§ Shanxi 0.38 - 0.51 0.02 0.42 - 0.78 0.25
Eriﬁl\_/[ongolia 0.57 - 0.33 0.04 0.76 - 1.32 0.44
JI 7 Liaoning -0.50 1.38 4.06 - -1.88 1.58 6.34 0.21
F K Jilin -1.59 1.82 4.45 0.02 -4.06 2.04 9.66 0.28
BT Heilongjiang 2.03 2.52 8.00 0.11 1.02 2.67 10.81 0.60
k% Shanghai 0.39 0.13 - 0.01 1.18 0.15 0.01 0.01
YL Jiangsu 7.37 2.73 0.06 0.26 11.76 2.89 0.22 0.26
#i{L Zhejiang 2.36 1.18 - - 4.62 1.32 0.06 -
L Anhui 2.54 3.14 0.03 0.06 9.82 3.25 0.19 0.06
1B & Fujian 2.39 0.70 0.01 - 5.49 0.78 0.03 -
VL7 Jiangxi 0.90 1.23 0.08 - 3.42 1.32 0.09 -
1 %R Shandong 8.11 0.35 0.88 0.02 18.35 1.20 2.99 0.02
{7 5§ Henan 1.01 1.04 1.27 0.13 1.43 2.26 3.07 0.13
#74t Hubei 5.75 1.77 0.09 - 10.70 1.90 0.20 -
#5 Hunan 3.20 1.93 0.02 - 6.05 2.16 0.19 -
J~ R Guangdong 1.40 3.46 - - 4.71 3.62 0.01 -
J ¥ Guangxi 1.26 1.79 - - 2.56 1.90 0.08 -
¥5 5§ Hainan 0.16 0.31 - - 0.39 0.32 - -
H JK Chongqing 0.87 1.10 - - 4.08 1.19 0.10 -
g J1] Sichuan 3.7 2.61 0.02 0.01 8.49 2.87 0.38 0.01
5 M Guizhou -5.44 4.33 - - -3.10 4.38 0.07 -
= Yunnan 1.87 1.78 - - 6.14 1.88 0.15 -
V5 3%, Tibet -0.20 - 0.05 - -0.08 - 0.05 -
P VE Shaanxi 0.49 0.13 1.04 0.07 0.59 0.19 1.05 0.28
H 7 Gansu 0.31 0.02 0.77 - 0.46 0.06 0.77 0.27
H 1§ Qinghai 0.04 0.00 0.12 - 0.05 0.01 0.12 0.04
7 B Ningxia 0.09 0.03 0.19 - 0.15 0.04 0.19 0.07
#r 88 Xinjiang 0.22 - 0.52 0.01 0.27 0.01 0.52 0.21
4>[H totoal 40.51 35.83 23.89 1.17 94.91 41.38 42.23 3.58

SESMIE SR8, Schlesinger BFF 45500, 2 E R ARG HLIE A, 168 kg-hm a ' BIER T,
T EE R Y 380 kg-hm -2 Lal fl Bruce £ i 4k A 2 3Rk H 4 390 2 B e 2 125
kg-hm%a™" | MFE#REES ik 100 Tg-a '™,

2.2 TEAAVUIER ERIUIRFE

RE i P HUIE AR B SR ERRAE S B BIIR 4 35. 83 Tg-a ™', L M A B, 15 4.33 Tg-a™ ,WEHH
B ANTEE JLRT B X HEAT R AR X MEEE IR, /DT 0.01 Tg-a™ o MAREHE
- BEER FRE , S E T % 316. 11 kg-hm ™a™", JUJI145 B3 B RoE R B, 3% 651. 11 kg-hm a ™",
WS A X ILTE4 AL AP B 1A X E AR AR, /DT 0. 01 kg-hm ™ a™' 3 X A AR AL Sy R E b
TRBAR, L AR E TG X AN 52 A6 X EAR, R A X 88, 5 HUIE M T 8 69 20 7 LR Hha
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23 ok F-PERELRESREBERIRIES 617

L

I A DUIE AR B 300 BE R ) 2 41.38 Tg-a ™', P RME B, 5 4.38 Tg-a ™', ISEH AR
X LT LT AP B ¥ XA M, NT 0.01 Tg-a™' s BN ARG ERRE S LR E , 2B Y
HJ3A 371.77 kg+-hm %a™", PUJI148 B9 724 [E Bk F) e , 3% 718. 15 kg-hm 2™ i ZE T HIAX ILTEE AL
AR LK, /T 0. 01 kg-hm ~a™" | MR A AS AL AR R B E L w8, P L AR E A b X M 2
A X, AEE X B R, 58 VLI ¥ 82 R AL

RE WA PUIEHH EGE R 5 E MRS R R, W0 Jarecki B 5745 R %M, EEK A7EMA 10
t-hm % UEHUERER T, £OF S E R SR Y 390 kg-hm a '™, Dendoncker ZERBFST L5, AT 10
t-hm a2 EHUBRIER T, HoRInkaR B L3 3 E BE % % 350 kg-hm "> a™", Vleeshouwers BIBFFT 45 RIA
o, ZEMFE 10 t-hm o " AHUEEIE AT , BREAR BT ERGE 2R 150 kg-hm a0,

2.3 FEFFIE B E BRIIRFIEE )

RIE R FARSFEE &R H + SR ERR A DLIR Y 23.89 Tg-a™ , P BT A BE,158.0 Tg-a™ o AN
B E R ER ERE, 2E B 224. 62 kg-hm >-a™ T FHAKFH EBERR R, 5 1142.29
kg-hm*a™" X A AR LA TR E AR Jb X i 2 B B 2R B i, ML I B A BT A % H4h, 1
RERE AR ERILH X LSRR, BV RS, B, RERILH X R B 1387 Y E R RS
BHo

R ER BT R R 2 AR B R ) N 42.23 Tg-a ™', KPR E BRI A HE, 5 10. 81
Tg-a™ MG RI& BAE, N 0.002 Tg-a™', ML E R FHEHREH EE, 2 EFEH/KFEREED 397.07
(99.27 ~ 694.87) kg-hm >a™" | BIUREY 1.8 4%, HWE W ER EBE RS, 52273.14 kg-hm a™" )~
REBRME, N 1.12 kg-hm > a™" X B AL AL 5 + 38 6 Aok R DR AL o

SESMITSE LS S R, Vieeshouwers 257 FFFYIA N , A0SR BRIH BT 2% 24 17 PR FF 38 H 176 , R & FI
TR BB RAE S W% 34 Tg-a™', BT E AR A FXI B BRE R K 150 kg-hm >a™", {5 Smith 2RI
FAREFFIR HTEHE R 18 B TE BN 66. 21Mhm® , B A% 55 H R YA 7 F S #F 36 B 45 3t D+ 3 A0 B T BR BB h N
1.09 Tg-a™", B T ARAF 3 ERRE R N 20 kg-hm ~>a™', Lal FIR S FFE B2 RRAK B L5 00 B E
BREE ST 35 200 Tg-a™' ),

2.4 RPEBILRAES

KA ER B+ E AR PR N 1.17 Tg-a™', KA bE R, 1% 0.40 Tg-a™' RAGRHEE
7 X% H 3R B Bk BE ) 9 SR B BT TR SHE AT I AR AN, B Fastsem > RusE R, WA st -
BN, B AT LIERK, REEIBE T EAVRMENER, BEREN S, 2 e EEEATRH,
FURBEBILAF XM EHBETEHRER RA2HEE2E LYW AH L EEREE N
284. 55 kg-hm *a™",

RAEHRER H L EEHRE S KN 3.58 Tg-a™ , REBREBH IR 3 5, KPR EIEER, &
0.60 Tg-a™',

SEAMHAR G R ILE, AU E RN FHEREREE R MM X ZMMHEEMRK, 7 0.08 ~ 0.4
t-hm™a™' 2 i, Vleeshouwers 25" 7L BRI P A & FER R R P BHERE MBI 50T , 4 8 BR i &k H
R M EBRAE S 58 Tg-a™' o T Smith 251 KU B AR P M BEVE 1 M A9 7B B AL 117. 26 Mha, i
WA R O AR 4P BV B O 2 F B BBE 9 40. 4 Tg-a™', Lal 1 Bruce!™ {8t 23R FA{R
PH B M 18 BT AR K2 400Mha, 7% F 48 B EIBRAE 11 0 80 Tg-a™'

3 4ig

T RELHEILRT R BRT R AR L, BERERA MR K AR s, B HRE R ERI

R EBRBLRANE 14 B4 101. 4 F1182.1 Tg-a™' , M HIRRE 1994 4E RER W FEHK CO, BE (762. 4

hitp : //www. ecologica. cn
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Tg-a™') [ 13.3% 1 23. 9% . 3= it Fi AL BB it F 8 HLAE L RS FF 3 H A0 4 2> Bk A9 BT B3 BRIR B ¥ ) 49 1 2
40.51.35.83.23.89 Tg-a " F11.17 Tg-a™' % 94.91, 41.38 42.23 Tg-a ' F13.58 Tg-a™', HULT W, PERK
HH 1 0] LME A — bR B B B kTE 16, 4 A 23R CO, mHHEET &,

TEBIRE, L B3 E R BRI BHER G E s IAR TS 5 53 R R0, R T 2 A ek
AR, BI040 : (1)4 FHIETG R Bk IUR A AR B EEE M, (2) 2ESE 3 ~4 M RIBABEAH, (3) KHEN
ERFORLE AR Z 55, X2 [A) B KA FEE SR FORH AR A1 AT 3 DB BUR 7 LR B IR A TA
R, BEWAMERHAHE M
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