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Abstract: Agricultural soils have significant carbon sequestration and reduction potentials to help mitigate climate change
caused by human greenhouse gas emissions. To better understand the dynamics of soil organic carbon (SOC) storage and its
driving factors in the North China Plain (NCP), this study combined meta-analysis, random forest machine learning, and
satellite remote sensing data to study the spatio-temporal changes of cropland soil organic carbon storage and the
contributions of its driving factors from 1981 to 2019. The results show that the cropland soil organic carbon storage of the
top 0—20 cm in the NCP was (523.10+79.36) Tg C ( (14.56+1.66) Mg C /hm®) from 1981 to 2019, with a growing rate
of 5.94 Tg C/a (0.12 Mg C hm™ a™") , which accounted for about 23.3% of the total annual increase of SOC in China's
cropland. The total contribution of conventional cropland management options, including inorganic fertilizer use, organic
fertilizer application and straw returning to SOC accumulation was 25.1% , 1.49 Tg C/a (0.03 Mg C hm™ a™"). Compared
with control experiments, inorganic fertilizer use ( including nitrogen, phosphorus and potassium) increased the SOC
sequestration rate by 22.7%—26.0% , organic fertilizer application increasing by 48.3% , and straw returning increasing by
23.4%. Meanwhile, the effects of such conventional management on SOC accumulation were modulated by soil physical and
chemical properties. This phenomenon was more obvious under high temperature and precipitation conditions. It is worth
noting that when the use of inorganic/organic fertilizer or straw returning exceeded the carbon and nutrient demands of crops
and soil microbes, the SOC accumulation decreased significantly. Consequently, the SOC accumulation slowed down from
9.4 Tg C/a to 3.5 Tg C/a during the 2000s. In summary, the increase of cropland SOC in the NCP could be largely
attributed to the improvement of cropland management in the past few decades, and the carbon sequestration potential in the
NCP cropland is considerable. Nevertheless, it is essential to clarify the input amount of organic fertilizer, inorganic

fertilizer, and straw for optimal carbon sequestration under varied climate and soil conditions, while ensuring crop yield.

Key Words: soil organic carbon; Meta-analysis; Random Forest model; North China Plain; farmland management

measures

R R AR S R G RCOR BRI, 29 R R Y 2—3 A, — MU NS AR RE S R R AR
FEB (CO, ) WEEERIRZIAEAE Y AOL A28 R G0 2 3 LSRR T sh2 5 i iy Wi 2 Bl AR S R 5
ST LA 5 s ) R PN 4 L 3 LK (soil organic carbon, SOC) WCSDIRZAS e W 34 BLER IS fin B
AL CO, [ 7E 3 -3 b ) SORT DAHR T AR Ml A= 25 R 8 v FE o8 0 4804 S0 280 45 A il 28 AR A R i 9 52
Mg 0 BRI YR PTG A P LS LB A o X 2 i Y A AR | S Bk b N T T RR SR E bR A T
=98

A LA HLAK Sh 2852 B SRS A 48 BEE T A L R AR5l A SR AR R AR A E A G OF
T+ A DU B T T AT B - A LA I 5 et AR A S e A
Ji, b AN SR IBORS FF I8 FERUE 1t A HIUAC S5 18 , — A B A 0% L 2850 4 I DL G ™ L R s TR
AT WUBR AL AR I 52 2 P 25 52 A i) S8 B E) , E SR I ) 145 ) RUBE - Vs 4ol $2 - 398 A5 WLtk 3 258 A AR AR
R R, DXCIORURE AR 3T BILAs A e il B8 D il SOOI S 30 45 R ol ik 4% ) G 1145 07 1 b
WEARAT | TS S A 2 AR TR IR A I, 7E — 8 R AF A v Ay IXIURUBE 1 4 1+ 59 HLAi
T RE M, T3 T AR A AR S R G BLAY, ] 40 DeNitrification-DeComposition ( DNDC. ) % LB
Rothamsted carbon( RothC ) #5%4"*! FI Agricultural Production Systems sIMulator 5 5910 |5 B kA7 A& 24 1Y
SRS R BN T DX IR RO XERE A T, BILAs o2 IR BAT [ 27 > TORE, AT R & 30 Al PR R G
RO 28 RO BRI I R A AL sl 2507 i BA —E L%, A ATE #)2 TR0 XCOREE A
HEA AL AR AR

HEACF U TR B E AR R AR e e, LA N — R AR B O 32, A 20 T2 80 4EAR
LUK, bV i VS BRI , G5 JCHLAE A HLACTHE T A VRIS AT ik I b DR IP B 1 1 L B o 18

http ; //www.ecologica.cn



9562 xR 24

AR T — R A > (R H AT ARIR B AR UV T b S BB i 1 B 25 28 A B L
PRt PR ARDOE STRAIE S, PRI, DA B Al b D A MILRSR 55 1 A I 2 AR A AT D), 7 e B e AR £ 28 42 1Y)
RN W ARRAON AT PRl BAT 2R S, A SCE SR FIZE 28 0 i A 1L Dt MLAS B e (BB 0
BUIE A HLAL Tt RIS AT 34 ) 364 - A HLaR A AL A4 TRk, AR5 205 6 DS R e Bl , (4% 008 ( R
pH {H BB VB B ) U SURAEA (IRLEE (K AN DT ) A AR RARBL (LAT) F11
FUAAE PR (EBE BFVEHEIE ) , S HTBENLARARBIL A8 27 ST R 4Dl T 1981—2019 ARARJL-F 5 I L HEAT AL
T A 2 A2 4k

1 RS

L1 R

AL TR AR S5 K I P B IR o2 b R 2 7 AR IX 22— H PR (3 35 Mhm® 7, F XA
BN A TTHR, BN TP EAIRE” AR I T SR U DX KR B A U B R HAY
A S A T REAE FDAE BRI 3 % AR IR 14—15°C , 50 B —al fE & 11—12°C , i db 22 3—4c, 2%
KT, IR AR (B 70% ) K2 427E 6 H 2 9 A F AR /K i 500—1000 mm , [ KA H L 1 w4 i
st RN ALT 50 m (7SR IX 3 25 v A
1.2 Hdiidk

ABIFFE N 40 55 LLAEAEFJECRBIFSE DX [ 7 21 SCRE 4 30 T 22 A4S R A AR S0l s 3k 1047 4%k
I (045 692 SR TCHLAEUNE S5 656 AWEAL (403 Z5H0AL (197 A HUIE (294 Z5F5 AT 4 FBHE | AR 70 S 28 52
BBE) . IT A B SCEEARR H A T Chttps ;. //www.enki.net/ ) FIBFEME L B4/ (the Web of Science, www.
webofscience.com) , ##ZICHIA N« FHEA YRR < AP EAE” CBEAC” CCFRAC” < ABAE/ TEHLAE”
CHHLE” CFEFFIR I OGP HERRET < FEFFE B LSRR (5 SC A FR . BT 36 28 IS #8845 & LA T AR
(1) A BB 75 A FH ) S0 P e 1Y) 5 (2) SR AERTINAE R, an Sy (8] | o 52 YR8 RAF IR EE AU e il 05
FRAEPET; (3) BRASIFSERY 3 Ff H AR B Tt (A5 O B AT HLACFIRS T3 I ) A1, 8 (045 HoAt A
JEF I R T A A, ANBHVERIE RS . LA MLBR AN Mt i SR Hh AR B, 5 (T I R 1k
T.H.(GetData Graph Digitizer software v2.26, http ://getdata-graph-digitizer.com/download.php ) ME HHH#EHL, M
TE5E RIBESE R4S Y HABAR A5 BRG0Pk, AR AL E (BIZRE ) SEgmba] Ak (A2 F RS
TR AN K S ) | R IEPET (AT i | 455 40 & SR pH (H) RO Al 2= SR (VR BRVERS I ) . %
WIFEIETA] 3 W2 PR (VN T 20 a) BRI (R TA5 T 20 a) o [, fh AR J0F D A4 25 ] 53 o 1 A 0 4
AN R OR B SBIF A 8 R B, AN SO SR i 202 b 4 380 A 1, D U)o BB S, A5 A i U
DAY A 7 30T PN 1 2 B 1) 0 2H IS 5 Sl 20°C

VL85l , 23 0 T 2526 0 0 DA S BEAILARARAIL A 27 > A g Y il iz, LA DX R 2 1) P45 00l (44
FERAEIFRERUEES] 0.05°) , W FH T 4b FEBRITEE LKA by BEDL AR AR RS DX IS0 ) g A BScdfe o 49140 3 B AL
PR, i e T b e R R R R B N pH (i, Ok A GSDE X E (hup://
globalchange.bnu.edu.cn/research/soilw ) , % E i I 35 T 4% A~ ] G RN b X - 18 5 ThD A5 40 e | b 458 05 2 0ai
Ay BAR A R IR R RS ] A R R R 307, T BT 10 4L 8 )2 AN AR A FH T MR M YA G 5 ik T
KAEF] 0.05°, HUTHJZ 4 J2 (0—28.9 em) 43 FRAL R B g i) B (B S 3R 2 L3 BRAR M B /R LAT, Ok A
GLASS LAI #8405 0.05° A% m FEHUE (www. glass.umd.edu ) s VEY) A= & IR MK S8, ok H ER S
%R T4 (http ://www. ema. gov. en/201 1gxfw/201 1gsjgx/ ) FlBH 3250200 ST EIE | ok B 1k -
#2111 ( Chemisty-Climate Model Initiative, CCMI) | B fill G T ZFh KA A 22 AL AT (1 A5 400 25 R I [R) B 2%
T ARG QRS EAE W HERCS 5 o S AR O B 1) 25 B2 O 1850—2014 41, 45 1] 43 BE% 2 0.5°,
o P B ST 47 {2 K e ERAE 3] 0.05°, 2014 4R 5 19 AT A 5 1T 2014 19 (24X T IR 80, R U T [

http ; //www.ecologica.cn



23 4 TRAEEE 4519812019 4FALILFJ5UA b HEA AL Ak B 14 I 23 22 1 R S i AL ) 9563

KPR 6 — B KRR R EE T (hitp 2/ www. geodata.en ) 572 s R FFIE FACE , 5% 1 Han
SR AR B AR , ok A 2 B ST SE A MR K , K B Zhang 2570 s A FH 43 A RN a5 H9 KON
R FH 32 FE A2 0 R JR) (NASA) B H 43 BER i A% 61543 ( Moderate Resolution Imaging Spectroradiometer , MODIS )
#5577 i (MCD12C1v006) ' IS JE] 45 FE ol 2001—2019 4F, 23 [ 433E 3 0.05°, 43S 1k R 2 JE I s s
A W) BT RIBR UE 5325 (International Geosphere-Biosphere Programme, IGBP) o ZERILFI /MBS, i i B4 B3
et FOTFAF 2RI B 2001—2019 AFA TH 2 A MR o HEAY 2 [ 25030 . 1981—2000 4Ff9 4 HH 734 Kt
K H LUH2 U™ | RH A SRR, BB HE K, 7017 2 UM BRIP4 A5 il iz R
1.3 ZHNHr

ZEFEHT ( Meta-anlysis ) 1815 Wi N7 HE ( response ratio , RR ) K 3¢ 7R 52 50 AL B 7K S X6 45 S 5 52 ) | AR A 58 X5 i)
I HEEAT T XA O 2R

lnRR=ln()7t/Xi)=ln)?t—lnXi (1)
Ko, X, FX, 35BS b b B AR SRS SR TR, A, SR T HEBRBIF ST o RE A Bt FRBE 5% 25 11 3%

T, 13 20255 A BT 0 ROV ( R R, ), T ZARYE (AN 5 22 % I 58 AN (o, ) B o
8] 5 AR N A RO R T 550608

S? S?
v, = ;+ ; (2>
nt th n[‘ X%
w, =1/, (3)
Y, wInR R,
RR, :’27 (4)
w;

K, S, on, S, | n, I3RS AL BREL AR IRZH BOARUEZE RAEAS &, FEASHT ST bR R BB HLASOW AR Y 41 FE T
[ S R AR, % B T R RV A IR A28 53, BN AR PR a0, SRR w0 AR
w' =1/(v, +7°) (5)

7 TSR IR 7 22, AT 2400 B R RISR I (restricted maximum likelihood , REML) 3K 7 0 DL b i85t
FEFIH ROBRAEY A2 AL 58 B, I FLE X B0m 17 LR (e — 1) x 100% %5450 43 L, DAAE
AT b A B S A B AT HLBR B
1.4 BEHLARARAL G ) B

FEHLARAR ( Random forest, RF ) J&—F T 432 BN () 45 2 > Tk, Sk A i T RaE e sk w4 , IF
ARG AT O X R B SRR HEA T2, RE SRS T 25 FUIR O 251
AT LG B R BRI SR 2 i — D ME— RO 51 T REA B N 2Rk, T S5 A 2R 4 RF
AR T AR B TR R I, B B 2 R TR AR E

ARWFFERHIWCEE Y 1047 2% T3 HLBR A i it , AU REBCRLRGIN T30 1X 0—20 em 4R H -3 HLAK
it AR RIK R . 18, AOPIOREEE 7 Mo, b 25% (29 261 A5 2RI , 75% (2 786 41
SO RF BRI A8 . X T, T2 3] 3 NIAS L B — DG SEBRTERM A K Y
DL B & (the number of decision trees , ntree ) , #5155 14 850 F5 X 2% & B B 1K) PG E R e AT
B niree BCE NERIAE 500, 5 —ANSECEREATY LT RE A TN A2 AR (mary ) o 191 [R) TG SBR DA (B
JE TN T AU = 2 —, B RF 00X mury ARBURS ) BT DIARBF IS0 T — R AR ik, Dhis/h
45 (out of bag, 00B) ¥ J5 R 2R E fiefk miry (A 6) o 5 =D HURAERN 19 20 15 5 WS 1 e/
B (node size) . TEX L, AR HTEREHET T I1H RF, RF AR I e i 28 Sk, H 451> OOB
A AR 5 1 SN ZRB BN . Z T T AT O0B #4253 — il i ¥ 77 12 2% ( mean square error, MSE ) fti 11
REEE, “H 4y Lo 26 /@R WT LAy 1—MSE S HE Y A8 60 F I8 A R 0 0IE RF [ DRSS A, ) TR

http ; //www.ecologica.cn



9564 xR 24
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Fig.1 Mean effects of conventional agricultural management and its duration on soil SOC,, in North China Plain
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Fig.2 Mean effects of conventional agricultural management on soil SOC changes in the North China Plain under different climate and N

deposition conditions
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Fig.3 Mean effects of conventional agricultural management on SOC changes in the North China Plain under different soil texture

conditions
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B Z AR KB EG VR H b E 1 23.1% A B FNFS AT 38 FH At 14 36800 5 22 A ] 76 4 340 1 o 1 v vl
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SOC i AL RAE I M ZAE K S A 7 1.9%—6.9%

S— 14) <065 g/kg L v 260) <0.07 g/kg o () <006gP0s/ke
AHLE (109) o= (88) re F (119) o~
e+ (173) 3 (230) F (192)
R - (193) S (463) F (425)
/e i (236) S ol (456) H i (397)
wRnsm | e oo O (e EE L iy £k
AU - e (88) F —e—i (44) H —e—i (78)
e - (230) F (258) F (11)
e - (463) F (273) L (231)
B b e (456) H o1 (328) H e (295)

10 20 30 40 50 60 70 0 10 20 30 40 50 60 7010 20 30 40 50
X A2 50

Mean effect on soil organic carbon/%

B4 HypFEREARLEBEENRELEVGBESD THLEFVBRENERNTEHEN
Fig.4 Mean effects of conventional agricultural management on soil SOC changes in the North China Plain among different initial fertility

855 BB o A B, IR 22K 95% BAR X [H]

AP HY e ARG ATk PR REAR R (2 ETCHILAE ( WS ) X} SOC,,,.., AR RAER (181 6) . M A7 HLAL
J& , FUIE BEIEFIER AL A3 B SOC,,,., FURIRE T 19.0%,20.3% F1 18.6% , 4F5FFiA H/NTF 30% , AL B AL
FBRIE 28 SOC,,. FURFE R 14.8%,13.2% H110.1% (H 5 FEFF 16 KT 30% 0, BIE (BEIEXS SOC,,.,, 3
AR AT FA A (-3.0% £ -8.3% ) ,ARFFAEXT SOC,,., FIIE ARSI T 17.9% . SRSk, FRHE A HL
FIE AR R34 L B 1 (0 1 FAa2E 25.19% 9 R 1 SOC,,,.. FUR (B 7) . FERCRBE MY 25 1F T (>20°C) 4
Jesb X 3 B KLY A H A BRI SOC,,,.,, B E & T 35.6% ; 7EEIRIE Y 25 F F (>1500 mm) , AH G
SOC iy BEIEIN T 33.3% 5 ZAREAEHTE R BIIRERMF T (51.7 g N/m?) f23# T 29.5% 194 H SOC,,,.,,, IR
R, TESIRIER P (pH<8.0) A H L X SLAF A E2 = 1 43.7% 1 SOC,,,.., K H AR, MALIE AL
IR A3 PR i 4 DI ) FH PR 4R 205 1 + 38 (BB <0.65 g/kg) TRT SOC,,,..,, B BB B SA0N B b 35, 3k 81 T
37.1% . Bt (>30%) S+ (>40%) F B R BYAR I A7 B Tl ) A T 500 20 Ak 1) T 52.29% F1 26.7% .,
TERSIAF (LAL>1.5) FOVEY) A | 3 S it £ - 38 [ R 32 35 T 26.3% , i e = E R 45 1 (>200 mm) £
HE SOC.,,,., FY L TE BN N 27.8% o EIRASI (520 a) BIFEFFIE XS SOC,,, ., B SR AN AT FTFEAR, B 5 1LAE |
B HUIE RS AR FHEMR AR AR 38 ( 28.6% ) , H Hh 45 it O R0 #2188 1 17.5%
2.3 AR BRUE RIA A BRI N 3 AU ) A s A8 A

iz FHREHLARARBE RS ARl 0 T LA B it AR 67 JRE 1981—2019 4F 14k F -+ 36A HLAK fiff 1t
AT S 434, BEALARAREE RS BRI E B LI 8, 45 SRR B RS b i FH 1Y B A8 A 1 A2 db-F it SOC it i 748
T 209 90% D | KRB HL4E 5 R, 1981—2019 4E ], 4246 5 0—20 em 4 A HLER % 2 F 1
(14.56+1.66) Mg C/hm*( (523.10+79.36) Tg C), 3 HAEHFLL 0.12 Mg C hm™ a™'(5.94 Tg C/a) W [E R4
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WRHEH [ e (6) WO e Tlédke - (144) o
HHE (85) e r (157) o= r e (77)
B r (88) Fo(164) r (118)
73 (104) L (61) L (267)
&+ rei (104) H o1 (244) F o1 (244)
FERERH [ e (257) >8.0 L e (268) ~1.4gke L ror (150) =
HHE [—e— (40) r Fei (112) r (120) e
B - (239) r (315) r (285)
B e (395) r (552) r (389)
B F e (448) Fo e (588) H o (388)
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X LA LRI P-4 5

Mean effect on soil organic carbon/%

5 £ FRENRUEEBRENARTIERACERFEDERRETH L ETNHRTLERNTHZ N

Fig.5 Mean effects of conventional agricultural managements on SOC changes in the North China Plain under different soil properties and

crop growth states
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Fig.6 Interactive effects of normal agricultural management on soil SOC changes in the North China Plain
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23 }H ARG 45.1981—2019 4FEAEJL T SR 4k H

A HILRR i 10 I A Al K R AL 9569

KRB JE>20 2
REKJE<20a
HEBEE>200 mm
VEIERE <200 mm
w+>50%
1:<50%

1 1>40%

1 +<40%
#1>30%
#1<30%
SE>0.06 g/kg
JHER§<0.06 g/kg
HE>0.07 g/kg
HE<0.07 g/kg
JHR>0.65 g/kg
JER<0.65 g/kg
TR E>1.4 g/kg
T <14 g/kg
pH>8.0

pH<8.0
RULHE>1.7 g/m?
RUTHE<1.7 g/m?
SRR B>1500 mm
AEREIK 2 <1500 mm
SR JE>20°C

(539) H@

(724) @

R I ) 5

e A 5

(76)

RS BT XS
TSR3 SR (25.08%)

/ (356)

(407)

H@— (508)
REMKRAS
@ (323)

@ (497)

-3l E<20°C
M AR 1.5
MRS <1.5

@1 (550)

@ (579)

(468) @
| | | |
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X} LI LR T35

Mean effect on soil organic carbon/%

B7 &yFREALE FNENBFIHEERENRARERETH L EAVRNE

N
=k

Ug]

Fig.7 Mean effects of inorganic and organic fertilizer and straw returning on soil SOC changes in the North China Plain under different

environmental conditions

55 B BT o A B, IR 22 RR 95% BAR X [H]

B (B 9) o FXskeiE, fedb P Tk H A 56 BLIR 7
1980 4FA% 1990 4F-4% 2000 4FAR N 2010 4FAR (1) F- 2434
HARIMHIN 7.46 Tg €. 16.27 Tg C.3.11 Tg C Fl1 3.48 Tg
Co AL, AP 5 3 LA AR R R AR B AR 2%, 3|
2010 4FEAR, B JLFJ5 0—20 em 345 HLAR fifi i F3 E 7F
(16.48+0.79) Mg C /hm*( (602.61£32.70)Tg C) .
ST, 1981—2019 4F[R] , A0 1 J 4% b X 4 58
AR AAEE ] B0 X322 5 (| 9) o i FiAE %
Nt BYHE NN, AU SR 43 b XA A 398 BB AT
I L THRE B 1A A A BIURR A A P e AR T
RO 1 X8, JF LLREAE 0.14—0.40 Mg € hm™ a™
F4) T SR T L b RS0 T DX A FH 18 LR i
TERIG, R4 Xl B A LA T U (1 e A
(L 10)  animrdb A 6 LR 48 iR RN AR 50 43 i IX.
A H A HLRADTER D, P75, 1981—2019 4,

80 .
o | o BRI AR i
E 70 RMSE=206 T
gfléa 6 | R=096 e
=2 MAE = 1.04 . e
=< 50 - Slope =0.95 % ©°4p% $#° ©°
Eiaf R %
Q % N
ﬁ @) 30 F o @ o © %mﬁ*jﬂﬁﬂwﬁﬁ%
22 3 RMSE =3.19
@' g2 ° % ¢ R2=0.92
3 o> MAE = 1.78
&£ 10r Slope = 0.98
O 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
ML i 5 WL
Observed SOCensity/ (Mg C/hm?)
B8 £ItFEFEAHO—20 cm TEFIKBEETHEFEEZW

FE AL 75 MR B 4 A

Fig.8 RF model performance on predicting cropland SOC stock
of the top 0—20 cm soil in the North China Plain
RMSE ;¥ 5 #Ri% 2% Root Mean Square Error; MAE . - 34 48 %} i 2%

Mean Absolute Error
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9570 JAE = 24

SR X AR LA ST R A B A B A LR Aif 43 il A (14.63+1.89) Mg C/hm*((169.57+22.24)Tg C) |
(14.21£1.92) Mg C/hm*( (165.55+34.79) Tg C) F1(15.9422.30) Mg C/hm>( (187.98+31.59)Tg C) (F 1), H R
FHARI 7 0.78 288 2.28 Tg C/a, | 2010 4FAQ, GrEBLab X | 1L <48 LA R 44 A FH A LB fifh £ 4 3l
FaETE(176.25£12.99) Tg C . (209.47+15.35) Tg C F1(216.90+12.50) Tg C.,

Or o BATHMEEE o MIALERHALIEES Y 7700
Y=0.19X+19.53 Y=0.12X+12.19

35

600
30

25
500
z 20

A AU
SOCdmmy/(Mg C/hmz)

15
400

T
Soil organic carbon storage/Tg

10

1 1 1 1 1 1

5 L 30
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0

B9 1981—2019 FL FEAKH L EANREERT
Fig.9 Temporal changes in the total cropland SOC stock in the North China Plain from 1981 to 2019
TETT IR R X 253853 B HE AT 57 0 A 25 1) DX 24 B A (3l 5 32 A 1 L B LR i A P o) IR i 5 A AL AR A 2
TR ) S-S ALV SR FH 3 LB R E 5 = A Bl A A BE L AR TN 1 0—20 em AUV I HH - SR LA if 1

TR
TIEE IR LA AR
/(Mg hm2a™)

B 10 1981—2019 F&ELFRRE L EENRMEEREERARENZTEIM,
Fig.10 Spatial patterns of the average cropland SOCy,, i, and its annual change rate in the North China Plain from 1981 to 2019

3 e

3.1 AP R ER

AWFFELERFE W], 1981—2019 4F, AL F )5 0—20 em +EERAE HIEA ALK ZH 0.12 Mg C hm™? a™'
(5.94 Tg C/a) , 5 Zhao 25" $H 1Y 0.16 Mg C hm™> a™ 8l —F, 20 H b & H AR4E 13504 HLER IR 26 1Y
23.3% (FRECR IR 25.5 Tg C/a F2S90) H1Y4 F b ER4E CO,HER 0.61% (K% 0.98 Pg C/a '),
Hiir, K A oT 45 SR O 4RUE S8, TTHLAE A P FNFRS FH38 H LK e 0 A8 PR A e , {6 v [l e H ph B D A2 R
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23 }H SIS A 1981—2019 AEAEILF JFR T 4 3384 HILAR i it (%) A 25 284k K5 AL il 9571

F1 1981—2019 FHEJL R MR R ETIERE (020 cm) BHLBRAEN
Table 1 Regional cropland topsoil layer (0—20 cm) soil organic carbon (SOC) change in North China Plain from 1981 to 2019

PN - T3 mﬂrg TG LA T HEA LR Ak B fL %
Provinces Cities SOC density/ SOC stock/ SOC stock change rate/
(Mg C/hm?) (Tg C) (Tg C/a)
] K BAT 14.70 (1.19) 11.26 (1.53) 0.105
SETR T 15.38 (2.50) 9.07 (1.53) 0.093
FIH 16.19 (2.81) 9.34 (1.40) 0.091
FrEHh 16.24 (3.56) 8.80 (2.09) 0.156
farET 18.37 (1.82) 5.41 (0.56) 0.027
LT 15.75 (2.51) 9.29 (1.65) 0.103
HoRET 15.32 (2.80) 2.86 (0.57) 0.039
P 17.64 (2.86) 12.34 (2.05) 0.145
=11 13.63 (0.39) 4.90 (0.56) 0.038
ST 16.06 (3.24) 3.55 (0.71) 0.048
VFET 17.12 (3.39) 8.01 (1.63) 0.120
HEPH T 16.09 (3.21) 5.47 (1.15) 0.077
I kT 13.52 (2.41) 17.80 (3.81) 0.258
=k 17.09 (2.97) 18.30 (3.63) 0.267
[l 17.18 (3.02) 14.56 (2.97) 0.207
F BE T 14.17 (1.84) 25.17 (3.92) 0.181
Ve 16.03 (1.77) 1.95 (0.48) -0.026
=0 16.47 (2.29) 17.73 (4.16) 0.329
iy 15.94 (2.30) 187.98 (31.60) 2.280
ITER Him 11.74 (0.74) 6.29 (3.56) 0.277
i 15.32 (2.37) 7.15 (1.28) 0.100
PrrgTi 18.08 (1.83) 11.84 (1.76) 0.139
HIETT 17.35 (3.34) 5.82 (1.32) 0.106
& T 11.94 (0.60) 9.43 (3.03) 0.235
RET 11.75 (3.30) 4.59 (1.40) 0.102
it} 15.20 (2.86) 12.90 (2.75) 0.195
peioinie] 13.62 (1.75) 17.04 (2.35) 0.187
BET 16.14 (2.58) 10.59 (2.02) 0.146
H B 11.24 (0.58) 3.87 (1.37) 0.106
BT 11.58 (0.57) 4.06 (0.18) 0.004
I T 13.58 (3.25) 9.79 (2.67) 0.210
i) 13.13 (2.06) 17.92 (3.40) 0.276
TR 15.52 (3.23) 17.48 (3.70) 0.234
Wk 15.83 (3.11) 12.64 (2.82) 0.201
M TT 16.17 (2.44) 15.38 (2.84) 0.195
il 13.40 (2.01) 2.22 (0.43) 0.034
Ty 14.21 (1.92) 165.55 (34.79) 2.883
UL AFET 17.22 (2.56) 16.74 (2.49) 0.149
Beijing-Tianjin-Hebei FELT 13.18 (1.18) 10.28 (2.18) 0.182
LR 13.01 (0.32) 4.54 (2.68) 0.198
R i 16.59 (2.56) 15.65 (2.60) 0.108
jiS=hit) 17.14 (2.69) 18.03 (3.02) 0.176
s T 15.27 (2.04) 22.92 (3.48) 0.111
T 13.39 (3.21) 16.17 (4.23) 0.261
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9572 AR ¥ I 2 1
. . T3t mg%rﬁ A PR A AT BB A AR (b
Provinees Cities SOC density/ SOC stock/ SOC stock change rate/

(Mg C/hm?) (Tg C) (Tg C/a)
HE O 11.07 (0.15) 10.56 (5.39) -0.367
TRAETT 13.69 (0.22) 15.06 (5.44) -0.386
ikt 15.21 (3.46) 12.05 (2.88) 0.175
JER LT 15.08 (3.61) 6.72 (1.82) 0.128
K 13.31 (3.06) 9.43 (2.40) 0.159
denim 14.96 (1.46) 9.14 (2.69) -0.143
CRIRAY 15.73 (3.03) 1.61 (0.39) 0.029
S 14.63 (1.89) 169.57 (22.24) 0.782
IR S 14.56 (1.66) 523.10 (79.36) 5.94

North China Plain
SOC . +HEEH LK soil organic carbon

BRI 453058 E R T I AR L S 4 3 5 R 22 B R AR I BN 3 A B AR L2 Y IX 38, M
JO7 A - AT HLER AR R4 2 | T 1L X e B S5 A0 AR FE 338 IR AR DRI b, (SR 4 512 56 S O 0 3 s %) 4 396 ML
T FEL S S AT 194 TRT 00 1 233 i) S IR ST 14y 3 ke il X Bl R B ) - S0 WL ik, AR AR B - 2 WE T 2 [v] 5 o
P, AT RE 2 Al R T 0 ) TR AILARRAL e 2 S B 2 T IO SR AR R R AR
O3 SRR T AR LR KODR I R 22 o B0 A T A B e 1) B 2 A0 A ) R R AR IR A HLIE RS AT
YR VRS 76— R L W B 4 T ) o B 1) Ay B AR b T i DXl RUE 1) - 38 BRI i i R SR
3.2 HHEEPURFR IR A

AW e A AC B - S AR (038 0 =20 T Fod 2L HER R IS BB, Horp ARdb P 5
HHUREHE XSG T 48.3% 4k H 386 ML fg i, TTHLIE XS 1 3H MUK B FEr9 &2 Ry 22.7%—26.0% , F5 FHif
F T+ 5 AL R ARV E Ik 3 T 23.4% , ARBFTEES R 510 AN RIZE R —500 07 R4k s 1
B HRE X A DU AN SRR S T B VR BRI S S A AR R 25 5 i, KU A AL
A v e 30 P 35 SR v 49.7 % , ALK 03t FH AL I A X F R B A, JEs 5/ Rk 14.49%—21.2% , i fI%
FTHYUE, X ATREE i TA VUL S A KR A RO , 1T 3 & 5 P A W e RN s v (R A W R4 T 2 11
S EIEA R T MLEE ™ MIHT S, JOHL R it A A o 45 5 35 P AR RV E R A 1 ARAA
SRR AT WA B DR LR A0 R R AR X AT PR, X 4 3 S R SR A R T R 5 T A
AHLVEAEY K30 P JCH LRI 25 5 i - 30 B i i, i o i A R R B AR R S 2 O TR, 1 0,
X A SR R A SRR a1 RUIEK R Bk SR A A 25 AT LI L | SRR B A
R PR AR B AN A, A N A R R A W B s, I R B A AL A R R R
RO, A e AR EEAE FE /N T 300 kg/hm (i BEFEA G A HLERIEIN T 29.6% ,{H 2, i 300
kg/hm?* () BB S Z AL BR8N AR XS FRAK T 35.7% (& 1) o RSP FIEIN T 4358 i 28 20 i) o 0
HRZR ST IBI AT DU E A R AR E FR Y M  VED RS AT A °] DU 5 QoK 38 27 4 3 M 2 4
FAERENAILEY Y EREFRA X 3 MU AR BB /N TAPUER R, XK R ey
FEFF C/N eIl R 800, S s N 38 R WU o 22 1 JC LRI W6 2 B A KO B B0 [ R Ak 0 IR s
D AT ESEY SRR, A FEFE RS, K I AR 2 e HUR R R AR A Sch K
SRR RIS FEGE = S8 ML AR 61 2 385 T 58 R, B IS T RRAIR ( —2.5% ) TESE T R ai . PRI L A B AR AL IR A5
HUIE RIS FFEA Y B A KA BB

X A5 TSI XoF - AT BB B 5 0 T BE A7 BPREE N R ARSI, AR R T A MR 2 A Y 35 SR Bh
NZ— — BV IREE LTS A MR A (HdAE R DR A PR P & 2k
PR e PR R F RE S 35 JE R LT X - e MLBR A5 AR, A /K sl R K A =) B4 78 A Btk 3 B A
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23 4 TRAEEE 4519812019 4FALILFJ5UA b HEA AL Ak B 14 I 23 22 1 R S i AL ) 9573

BRI A FH (R — SR DR DRI TS A, R A o Y s X ) 2 L K v BE £ I
11| o P (T4 RN oy RS NP R = S LW ) e | e R G B B s w2 UL 1 (93 RN (< | v 2
JE AR AR 2 KUK S 2T SRR A, Bk R B A5 S B 28 HAT I A 2 FNAR BRI s ™) Rk i
TR AR I A 380 3G 3 n , 126 7 o s e A 3 e %) o A A S SR T R AL R

SR bt A R AR S A ST P AR [ A S AR B, A MR SRR B s DA
SO A HUBR AT T S R B 2 RGBT AR LA R R A, ARG T Al R R i, R AT A
FERG 1 5 S R 1 5 AR A IR AR 83, 8 25 T RARG , MRS, FE U0 - s K - 48 RS A 3A
FH A8 38 28 0 U 13 T 22.3% , 3% AT RE J2: FH A% FFad FH X 4 398 (4 4 BEDIR B A5 AR 1) 5 i), ] el s - S3E FL B )
FEAEB B FLBREE , AR A 28 5, 390 - 8 A R A o 2, 1+ UK B /K MR RERDRG 9838 1 . BRI in A
HIUBR B o 2 A7 LB B A7 1 R A TR A5 F 0 DRI, AR S A IR R A AL A it P 6T - S MILA B SR A {12
PRIV T Ui e U 5 o 5 s 3 A BT AN R B A HILAE B 88N FRAIR T 31.0%—39.0% ., i 7E ]
I R AU B E I R RS AT A VRN AR R T 38.1% 1 21.6% , 3 pH #IA K &Y
] - AT LT R G R B R B B i R LT — A 4 pH w3 ek R e A LB AV i
JE |, I AR T A W A A A T P RS S5 ), DT B8 A R 0 BILR B4 3 f i SR 4 g L5 T i
A LR 2 v RE RE 2 IR AR TG A 707 AEARHIE T p AR TR T A ERA e AR 55 R 1 AN P v
BRI RO R - 4 5 e i A HILAE , O B 1 1 38. 1% 117 - S8 ML Ak R 2 o ) 2 R 7 A O
B R FEARISE T AR R IR E R T 1.4 g/kg W, ARAE A HLUIE FIRS FT38 FH X+ 3384 HLRR 1Y
SRR ERRE T R, A HUIE BRI RN, T REIR 3 40.9% , HAESE T _EIRWS,

3.3 LA MUIRE R RT RSk R IE %

TEE LB ILHAE R P ER AR AZTT T 3 DRI B, X 2 B 51250 & T % I AH
K BB BB IEJRAE 20 tH4n 70 ARG A LA A D 5B T BE(1980—1999) S Ak A i A
SEWIR R AW SRR I TR E B, 55 =B BEAE 1999 4F 5, i T AR FEVEY R B AR 3 B9 S, HP UM
A BRI 2 M 2 BRIl A it A s i H |, S 80EOR S i E YR B R 0 2 b BTN BY B R LR A
TRzl , BB AR KT R IR VEM RS AL DR R R A RN 5 B B B AR A
J SR A A AL 7 )RR R AE Y R R T IR B Y, 5 = B R R BOR IR SR B, BOR SR I PA T Y b T
FRAYIR A FEL T L AN A . 2000 4 LUK, B FFRR B A AR 388 fin et Bk 847 (0 sk 25 e k. AR AL
JE P - 30 2 B ARG T b B A ol X )20 4R 60 AEARTFUR LT T — AN TR, 7E 80 4EAR A 35 5 fi%
TR 9) X 5 HA A AR 85 5 — 27>l i R S it AL AR AT FLAE AN KRS AR A R b
JEA T A WL Ak A 00 AERIT I a4 ETF (18 9) . AR Al ABIFIE T, A2 bW R A 4R 5 B A 7254
kg/hm? B AE Wy iR 2k 15 H AT A0 - 3 HLBR K7 (EY R RHAE MR R 4 AR (9651 keg/hm® ) B3 T C 1)
FURFR | RIEAIE G BB FE &I, KT 30% [0 FF 8 B R AH 358 DR B RF 308 FRE T 22.9%, R A
7T FARESE T B SOC fifs B2 30 1 FNKSF- | B A7 38R AT il flg & R 77 HAT, B PSR E
1K 50% , KA WK FEFF RIS IRARL 5t 2 J2 1l 5 nT S0 A0 R AR A2 ) AT UG AE AR PR AT
Ab TFHARIKT . MR Wang 2510 AOBIRST , AR R TRR L Ak SR ms , A1 T 4 A LR it i il 24 51 55 Mg/hm®,
JUT- HHET SOC % (0—20 cm 14.56 Mg/hm?) 19 3.8 £, I UL, Ak 9 A0 Jr0R 2 v B 4 A 38 MLa
FAF A LI 2 —  FEAK, AL HLACKRL AL T, B O PR A3, T e Je— 45T AT Y
WA LA XTI oK, A A 4k Sy KA HLBR B AF

4 g

ARSCM FIZE A Bt FEALARRBIL 75 > AT LA R AR S 14 8 A AR b A PR i 5 A o Sy A s
WFFE T 1981—2019 4F[E] ALV S FH -3 HLIR 1 I 25 284k, EBEAE /AT
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(1)1981—2019 4[] AEJLF 5 0—20 em 4% HAA HLEK i 5 29 4 (14.56+1.66) Mg C/hm*( (523.10+79.36)
Tg C), JFHAAFELL0.12 Mg C hm™ a™'(5.94 Tg C/a) (I EFRPREEAIK  (HIEA 2000 4105 , #3501 8 2%
} 3.5 Tg C/a,

(2) BAU SRR oA H A AR S22 3 i R 3, AT b4 J6 38 | Ll 2R 44 v 0 AR 350 3 o b DX A = 398 L
s/, AT 1981—2019 4, BUHETE I IX | 111 AR 48 LA KT e 48 1Y AR FH A AL B fith 2 110 AR 2R 32 4 31 o
0.78.2.88 i1 2.28 Tg C/a, | 2010 4FAX, FUHBE M X | 11 AR 48 DL KT B 44 B AR HE A MILAK it 22 0 ) e 7
(176.25+12.99) Tg C.(209.47+15.35) Tg C F1(216.90+12.50) Tg C.
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