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1 E T E R HE R R E ] e A IR AR SRR R 2, AT X HE 3 A SRR it
Bl IR LR T HE . Ak, LANSE BT S SR K HE 37 X 4, 43 HI7E 2018, 2019 1 2020 4EAE4)
BR ALK 2021 FFARE B A TRAREE, RS TIKEVII LR APUR . WA PR (POC), #HILE A S
HHLY MAOC) FlH3ERUA Yy ik (MBC) AR LR Mg R . 5% . MR BE £l & & TR+
e, JFREEHE A g 2 A R, EHEEHA VLT E POC. MAOC 4143 LA K MBC By & =t 28, (H 13-4
LA RNERSARE, T3 pH B EH0H T A MAOC & &, i TS S T R R A%, W5k
VR E A8, 3 pH FEAIG, FF5 HIEAERA MAOC BY& 5 i B8 A6, i, Mgk E X FHE+ 3 1%
ik BREAEENE XL, FREHEE IR E G R by L R A yA B

KEEIR) B KRR, RS

FERIER TP RAT 2o R L IR DEEA)ZR R, SREOPREE AR KR IR RT AT A, X
X DX AN L SEPRE R . R R 2E T R KB, th T U s XCHE 37 A2 5
TMPRIXE, LB IR A A K G S5 R 298 DX ] R R el [R] Ak g R AR X T AR Bt i 0
il SRR . T X HE USRS B T, (UK A B IO AMER, 2L HAFEE A b ARt
[AIA REAERA TR T4 LSRR GKED . KL, FERR RS TR AR R TR AEAME R T, XXk
ARG S RE A SR Ik (0, % J) Z G2,
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WA, Wb AR, s I A AR E AR L - B e " TR
AR BRGS0 s s s, B ON I ERR, T3 C. N KM BHEABLEK (soil organic
carbon, SOC) J&HIEME LA RER T, SRR AES Rk E LA R, i RS R 0 S A 5
JFReE R . AURHADE FR B R SRRl Lz IR RS . T EEA LR IR DU A E 2RI, HAb 2
B RN PR ) SCHRAR L DL SO AR AL A AR S 2 . — 28 B ZH 53X A F =
PR ARV R 2Rk e S HL R, FORTEPEG ALK, BT Te] R0 S - 3A0 184k, w1+
et antatat s 1A WK £ ZEHE R A MLk (particulate organic carbon, POC) I #45 &A1
T (mineral-associated organic carbon, MAOC) 55", 7E47 it 131, MAOC Fil POC #%4 & 5 -3 R {4
LB B 5 = HEgskar, LI AL R R AE AR L, o POC 293 32k H TAEIER IR
O3, MZEHEE SR, BrEe . BRI AL S AN, Bz TR AR, JE T R Y
“lBE, JERUEMRRIL, AT SOC ARk NFENLEIN T, 11T MAOC FEESRIE T PrskiA 516
W, E R R I N A LR Y BT 2 R AR TR A BRI Y 25 5
POC Fil MAOC A8 fkszn SOC kst . T HEREY Ak (soil microbial biomass carbon, MBC) J#%A
BUBEEAL, S TIEaUBRIZE TS ML BGR /3

HETC AR, BRI T B Rt (B AT 9 IXCHE 37 T e85 e oy
Bt PR S P B ) AR A R M DR 25 . AR SR e 5 0 1 i AR RN AR 5 A MR 1y = FE R R, X
2018, 2019 1 2020 4ECHEATHIHAMRE HOHE 37 13 7 2021 4RI TE BRI 3RS T TR, #R0)
T R S BEAE IR S R ARV M R 2R, DA R S JE 1540 IXCHE 454 SRR SR AR AR A A
RS

1 MR5REE

1.1 ARXHER

T U TSt FIAXGEILTT, HBFRA7E 118°25~119°46'E il 44°48'~45°40N, J& AT Kk
FENAME, BETEZR; EREMRRR, BRED; Enl; LR, KEBaHXITTFEDR 90~
150 d, 4EFERTH 350~450 mm, HARSERIET 39 C, &EF 30 C Db, 5 XSERBEY L KA
AR, B IXACFRIREX, MR TENRIRX R, A M MR A g, HAT [ MO [
Fi, fEBEA S1RE, 183 JE, 300 ZFf,

AR, TE NSRBI A RIS TR R, ke, ZX0HEEY . HEE oKkt
TR, PR SIE SR, 1S AR R X HE e 2 A w TRIME . S T B R A e
hkEwE R R, HE LS T HIS R, IR DRI B - R B A I 3 30~50 com Rt B2 S, K
BORF Oy X ERER SR, RIERTINEE L BEREmIIE . WE0E . A RKREYRN, FECARARE, TR
ZRHL 16 Fh, W KA K ALFREY N EIL ETE (Medicago sativa L.). Vi (Artemisia desertorum Spreng.
Syst. Veg.). $BRE (Elymus dahuricus Turcz.), HARB (Melilotus officinalis (L.) Pall.) &5, 1&FHHEA MR HA
B339 L (Caragana sinica Rehd.) . YV (Hippophae rhamnoides L.) 5%,

1.2 #HmRE

2021 4 7 AT 5 MTIXIR 2018, 2019, 2020 AEHEIAIRIZIX, Bl ICRE 3. 2 F1 1 a IOFERLIK
REHIAS 5, TERIMEHBICE 3 1 1 mx1 m AT TRERER IS A, [RIBEAE 5 M7 IX L 2021 AR AR X
IR IRRE . AR PR S AN, SREE 0~20 cm T3, FEAMRAE A 1 ke MENFE
IR I A SRR, B TKE IS PRSI ERCE T 4 °C KR RAF. TIEREAIRAR R A0
ARG, — 0 T A R AIIE , 5 RS AR, FEE 53513 2 mm Al 100 H
i, T AR AU AR S FE AR
1.3 HRSOHRGEE

TR IE 13 pHOK - EE 2.5:1) 0 3SR A G S A ER A 8 e A A& S 8l o
B (AA3) e . 8Bl A28 FH R I e SR FH LB & 55 B8 IR SIS (G B8 IR R S S
Prodigy7) e . +HEkAR Rl FRGRUK SRR 2 bR E R A MU AIBRIRES, FIH 1 mol L™ S EfLENIA TR
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ISR, SR)E R O GHOR IR Y. (Mastersizer 2000) #HAFI5E . IR AR HT 100 H
)5 AT 38k i 25 mg WA, B TTE M (Vario EL T #1705 . 386t ik 2R A
FHEZEI, 0.5 mol- L HRIREIAWRO TR TR AR, IRIEMH BA VIR BT (Liquic TOC) M. +
# POC, 13 MAOC HRAFRWE N 5 g L ANImBEIRANEIENE, Kiad 2 mm GiA9 T 15 4
R 0.5% BI75IRBERREN A 2.5~3 mm BEREE— &A™ T, FIRGHL LIR30 Je
H 53 pum G 8RBT 5, 0 B, KT RS B T P ZE K S SR gk L s
W, BER T AR POC, R MAOC, ¥ 2 FhiH-FRutT A, AEpfEss AP A 0.5 mol-L™!
R R R R A AR B AE RS I TR, S e DAL e
1.4 BUESR

H 56 B0 H i b R 4547 5 VE B SR B Excel 2206 Fl1 SPSS 26 34 4T . W4 ARHEAT B 25 22457
(ANOVA), AN SR FAES S, FIFH Pearson 23T 7 A THEICHE T, FTRHKE ] 545 37145
Prf T BB (PCA).
2 RS
2.1 ANEHE#H RS FRRA IR R

5 2021 FFARSITE B GEAHLL, 2018— 14 .
2020 AESR IR T ARG 1At E R, O 2l . [
AT - H 190 5 i e A2 S TR B8 T 8 ~ 10} i 1
FIERRAFAEWRE 1~3 a AR LRI 1 fF < ol
7o SRRAEWLNG 3 a PERIE AR, (LR = |
AN, (A 2018 AP THIGAKE +-HE 4 & “
T 2019 41 2020 AFHIBIRE A EHELHH ik i :

K 2(a). & 2(b). &l 2(c) 4 B2 2018, 2T
2019 F1 2020 AFFBIKE 5 T HELL I 2021 4F3 O o aom
+ 3 (1 Wk A HLEK (POC). W) 45 & WLk HAR S ]
(MAOC) Yl (MBC) A28 k., POC 7E 3a i RSBk R R R B L 44 Gy ) 2 57K 135 (P<0.05) .
AR IEAHE, 7E 2019 4E 13 POC FREH Bl & RELAAEIREFR RS S
%, W 2018, 2019, 2020 AR, ZIHZE  Fig. 1 Variation of soil total carbon in mine dump at different
S, MAOC bl Rl 5 A B 34 i restoration years

WBEWAN, MAOC & (18 2(b)) 75 2018, 2019, 2020 4ERI WEXER, HYBES T, M MBC
(1 2(c)) 1 POC RYABALFIARSEAS—2, 2019 4FAHAEIRE Y MBC Fl POC Fiifr, 5 2018, 2020 FIXf i
EREE.

207 a ~ 8y _600p
~ 18} : 2 16} T 2
16} So14l b 22 500 F
L 14t & 12} g a00p
= 2t = 10} ¢ = T
= 10} T § = 300 !
= 8t _<§ 8T -IEH
E ol b & 6 ﬁ 200 c
x 4 [ £
5 ST o F )
0 . By - 0 !
2018 2019 2020 2021 2018 2019 2020 2021 2018 2019 2020 2021
TR ] FE IR L 1] TR I ]
(a) T-HEURLA LR AL LA (b) 30 WEsE A YRR (c) LIER E YR AL

VI PR ) R R R R A MR ] 22 57 1 8 (P<0.05).
El2 TRREFIRT XA TRTRANR, TIEESEIR. MEMRE R

Fig. 2 Changes in soil particulate organic carbon, mineral binding organic carbon and soil microbial biomass carbon in
mine dump at different restoration years
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& 3 Al I, 2019 4E POC 5 MAOC I HAE (A 3(a)) LA +1E MBC 5450 LA (F 3(b)) #1535
=T 2018 4EF1 2020 4E LA KX IE . POC 5 MAOC B LU {EAE 2019 455 2018 -1 2020 4E & F W2, H
2018 4FH1 2020 AERIZEFA B E . MBC 54 HEAE 2018, 2019 Fl 2020 S E1E B EHES

1.6 ¢ . 0.05 f
E 14} I
Z Ll 0.04 2
% % b
iﬂ 1.0 & 003 T
;E 0.8 ig_
% 0.6 w 0.02 f
= & I
T 04 - b
N be 0.01 |
= 02t c
1 0 1
2018 2019 2020 2021 2018 2019 2020 2021
FE R SZ I ] FE BRI IF ]
(a) TIEWORA HLER 50 W45 A DUk L EAS LR (b) THEfE Yk 4 hi HL AR LA

VBRI T B R A R B AR D ] 257 8 (P<0.05).
B3 FEREFRT X OREAANIST MESSHEYILE. MEMERS SRLET AR

Fig. 3 Changes in the ratio of particulate organic matter to mineral-bound organic matter and the ratio of microbial biomass
carbon to total carbon in mine dump at different recovery years

T PR S HIE YL e bl 3 S R GG IRAGER A, AR HIERE MR RE R RIS SR Y Bk
TEAAEER, om R A Rk, e IR A R ARA  BEEHE i AR,
Fhi— M AR RIEA, MR AR R RRE YR, Ko ERmA LSRG, i
TIEEHUTRISR S 3G, Rk, SRR BASHELIGAEL, AR R S8 A ML A 4 022 ik
EFHE.

2.2 AEHEH RS FERM IR F R E

AMFFTLERLI , AR R 2 e i 2 4y, s e vk, N RIRE AR AR
TR A A UL 1 BEE IR AR R A, 45 pH R R, 2020 44 pH 5
2018 4F, 2019 “FEAHCA I 225, A4 pH 7ERI IR R A0 FE A B BRIk e st . IR e
2018, 2019 4FFRIH W2 . HIHHSRRE R E AR I S s it s, HIEesE . &
B AR BRI AE R A B R ks, DRI IR AERRAE I, IR 28 2%
TEHIER RS BB R, TSR AR AR T B 225, TIESEHE 2018 5 2020 4F[H#
P R, HIERATE 2018, 2019 5 2020 4RI 5255, HIECES A & B A BRI kg
i, SRR R 2

=1 2018—2021 FHYHIERUIERR
Table 1 Soil physical and chemical characteristics from 2018 to 2021

o S/ R/ SR il , .
E pH i L ; " M LY A i)
(mg'kg™) (mg'kg™) (g'ke™) (mg'kg™) (mg'kg™)
2018 7.9740.114b  4.49+0.152a 214.65+31.675a 0.79+0.024a  3.79+0.072c  10.98+0.564b  0.21a g+
2019 7.74£0.040bc  3.58£0.479ab 199.26£16.699a 0.69+0.043a  6.42£0.041b  35.45+0.382a  0.16a W+

2020 7.3740.050c  1.73+0.573bc 163.58+14.913ab 0.55+£0.044a  7.62+0.148a  5.25+0.203c  0.15a P LaibiE+
2021 8.9940.058a  0.7740.078¢  58.07#£3.06b  0.27+0.062b  1.02+0.013d  4.49£0.090c  0.17a BT L b+

H e [FIAH R4S ARl R AN A PR R AR (0] 22 55 38 (P<0.05); JUEBE . #IFR 2. 28; HHFbmihE 1
RS A AR UE
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FEBIKE 3 a BTSRRI HIAEFR U MAOC . 2%, SR B35 THRIPIKE 1 a, IFREERIPIK
SR 1 a 3903 3 a, HIEMRF MAOC YRIanikass, Ui H3E-RapU S SREE K BRI
B BRI X5 E NIRRT 22 g R 3K

AR T, LIS R SRS AR B R S A PRGN in . A A TEAE IR 56 2 AER 4
hn, XATRESHE L G LAY R SR A O, BIEETE (Medicago sativa L.), HKJR (Melilotus
officinalis (L.) Pall.), VMFTHE (Astragalus adsurgens Pall.) 55, FEAEIR R AT G RHEYIVE b e Yy Fh H & 4
YERDUMESE, BEVRAAEBRAGI, X 3R sTkiain ., SRE3R %0 R AFFRIRfb H A PR
LA AARIE BV A AP R TN S A B 38N, TEREVKIZ 26 3 AFANS A S m PRIk, B E MR A A
RIS D, X ] REAESZ A A L B S AR B s 71

He AR TN - R AR I S 3 A EAN R TR B B 22 5, X SHEYIfEHE - R
K5 R EAE S DI OG . BEERIBIRE TR, 1S HIERE AR A, e
BRAL ST Er e ANBTACAE , REBIAR T SJEAF FR O A A HE 137 T 3R ARRZE 35 et v TR Bk A2 A BIR AR X et 14) 45
It HBEE RIS A (3G TN 1198 pH BEAK, 3Pt Yrs vER i i sht sk (s Ak ab i, i 139
Sefft . ALK, MAOC &4,

2.3 BIERRESCRYIRENE T4

HIERRA S5 IR BR AR SE T IE RSN 2 R, 3 pH 5 B EEMEER, 5
MAOC B BEIEHERR, SESEMTMHECREE . POC 5 MBC, &% . POC/MAOC, MBC/TC
EREFEIEME, MAOC 52A R WEIEMC, SR EEMAX, SESAEMEENHC, MBCYH
POC/MAOC. MBC/TC FIHEAIFMX KR RE, S2AFEMHIEKEREE. POC/MAOC 5 MBC/TC. fi
BAFEMAXKREE, MBC/TC SMARIEMCHMCKREE , SMMERAIEMHAXCCREE, SESAR
FASE. SRR XA 1 R P - 3ER A 43 B B ARSI R -3 pH . BN A

*2 HRRAS SHRMBAEXRMES

Table 2 Correlation analysis between soil carbon components and soil physical and chemical characteristics

%Fk  POC MAOC MBC POC/MAOC MBC/TC 2B 281 £2&H #8A WEAE MYl pH
EXq 1

POC 0.347 1
MAOC 0.748" 046 1

MBC 0.654°  0.890™ 0.785" 1
POC/MAOC  0.177 0977 0267 0.776" 1

MBC/TC  —0277 0.743" 0.021 0473 0.825™ 1

X 0.623°  0.492 0.908" 0.769" 0.335 0.2 1

B 0.753"  0.468 0.837" 0.738" 0.308 -0.018 0.785" 1

o) 0.794" 0.576" 0.906" 0.853" 0.399 0.094 0.8377 0.841" 1

BA 0.714" 0365 0406 0.531 0.257 027 0256 0.566  0.573 1

AR 0.354 0.997 0463 0.896" 0971”7 0.737"  0.499 0448 0.587°  0.382 1

Rb L 0.166 —0.135 026  0.053 —0.186 -0.114 0552 0269 0215 —0.056 —0.118 1

pH -0.776" -0.285 -0.563 —0.541 —0.139 0369 0387 —0.705° —0.682" —-0.944™ -0297 -0.074 1

H: FRIRTE P<O.0SHIAHICHE 3 **RIRHFE P<0.01 ZUHAHDCHE B 3 .

St SRR S IR X 3T RE IR, SN Ae il T EAE AN R e R AR PR
BEFRAR T K A SERRZEH A8 Ak, % 2018, 2019, 2020 K 2021 4F - 3ERYFRALPE T K 3380 4H 43 HEA T 320
AT, T LATEAE BV R WA AN [ S AR A S o K SR 2E A () BRSO (8] 4) 0 T
SRR 1 B (PCL) RET 55.1% HEIRASS, 5 2 B85 (PC2) BET 24.2% WEHEAS, 2 &
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T FEARRE RN AN [ B K A2 A B v - SRR o
Ko ARSI FEEE L. PCL fliE 2018 4F
SN - 3FER 5T 1) - 3FERR bR S 50 TR A A i
i, FEUCRT B A Fe bt s m g 22 AN K,
2019 4F TR bR L ATEIE 0], TR
XSGR FEAER R ISR . 2. 28 H
A M+ POC, MAOC. MBC, 2020 4EF %
ARTES T, PRSI B 32 R VD LU

PC2 (24.2%)

SEMAER, 2021 4F RS bR B A e T 0}
&, FEMIBEE B R pH (5T,
AR P AR AR B S0l
SO SR L R A A b1 55.1%)

KB MAOC W4 & APk, W Z 2,
NS R R DR R B AT AL A W HL oy ik 2%
PR -4 T b S MAOC & i (19 9 8
ZUS ks, RS BIEIS A RER AR, 2 12% W46k CO,, 13% 34k MAOC, I Y)
R MAOC AR fwfh, FZawnm i mdzr= 0, ik, HE3aE R RS 45
M5 R ] 33 MAOC ZERIHZEZ —,

AN R IRAERE IR E I, e 5 - AR R o B OCOC R, X AT g S I s AR
N2 (AnHHEREE oK) A6, 3P KPR . Y emxt I ep e g,

1M -3 pH 25200 -3 MAOC (WHEZEH T, M E T35, T30 pH FHIK, X rTREZRE A P
etk TIEGUEYIE SIAWEYIR R IG ShRICA MR R 358, JEmi S8 pH FREP2, 1 pH AY TR F
FHRAEDNIRT A HUT A=A S 2 AR, (8334 . MAOC STt skt
FERIAIE pH I RS RIS EPY . EARRDIG AR B e, 7EE R 1 a
FE Y M e s shiAS e pH RN, NS [ - A BRI ek Ay, Bt BRI
s, 3 pH X IERAL R R N, iR R IEEE 3 a, IR R MR L AR TE )
W | ARBRAS AR R SRR s S T 2, IS AL, RiSSE. MAOC, POC, MBC J&R40H
2R AR EEN R, HIREES A T EHAE M E B E AR L R A OGO R, Ui
HATRERZ IR ek BAN X AT RESEREE K AR IR L T Rbt SR 5 R 2 AR s 3P e S A i+
S ERI,  NEE A A R S A HE A, AN T b o R AR 20,

AW KB POC Ml MBC S (eI IEE 2 e, mT50 3 48, oA MV AR RIS s m .
+3 POC 2Rk A MR, AP AR E A VU R R R =8, ShiiE o, =2, Hi%
il FEPRFIAER R, Vb EEE MU R A sy, HA T RA YRR, 7, —HaA
T FFRPEAYIC, HE 32 3 a AOREREIRE T3 POC WTRE S HML EAIRRIEAESRADENE, FRAT)
B R R 5 POC FAREMERSY . MBC 248 T3P ARTRAE 5~10 pm?® ATE A MR iy fir & 10
BOWK, MEHEEPUR . BRI SR EZ S ), RO A USSR, — e AL
BRI 19%~5% . AWFFER PSR E 3 a h MBC 5+ 2% . SRR, MBC SHEPIRZ L
FR kSR, T DR B A IR PR I MBC #40096E 77, AR 80428 24 P MR 14
Joim, HEMREIAA HURR 4 6E T
3 Z5ip

1) S#EEHE -, R B IR A Ay RN, RRRE RHEE A LR Y POC 1
MAOC 4143 K MBC (A& g 50, $&& 17 B3R fEskae s, Hit, 9 X8 R AW IHEZR

2) L3RRI Sy SRR T pH ASZIR AT, pH BERS &5 TIEARA MAOC & hE, (K pH Al

4 PCA o oHhE
Fig. 4 PCA principal component analysis diagram
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Variation of soil carbon and its effect factors in Tongliao opencut coal mine
dump during early restoration stages
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Abstract To provide the scientific basis and decision support for ecological restoration of mine dump, the
variations of soil carbon and its corresponding effect factors in opencut coal mine dump during early restoration
stages were studied. Thus, the dump of Tongliao opencut coal mine in Inner Mongolia was taken as the research
objects, the investigation and sampling were conducted in the plant rehabilitated soils in 2018, 2019 and 2020,
and soil without plant rehabilitation in 2021. Then, the variations and its effect factors for the total soil nitrogen,
total soil carbon, soil organic matter, particulate organic matter (POC), mineral-associated organic matter
(MAOC) and soil microbial biomass carbon (MBC) during early restoration stages were studied. Results showed
soil carbon in the plant rehabilitation soils was significantly higher than that in the control one. The POC and
MAOC factions in soil active organic matter and MBC concentrations increased significantly with the increase
of the plant restoration years in mine dump, while the soil total carbon content showed an insignificant
difference. Soil pH can significantly affect soil total carbon and MAOC. With extension of plant restoration, soil
pH decreased, while soil total carbon and MAOC content increased significantly. There was a negative
relationship between soil ammonium nitrogen and soil carbon sequestration. Plant restoration had an important
implication on soil carbon accumulation in the mine dump. And ecological restoration also should pay attention
to the soil salinization treatment in further practice.

Keywords opencut coal mine; restoration years; soil carbon fraction


mailto:lyqu@rcees.ac.cn
mailto:lyqu@rcees.ac.cn

	1 材料与方法
	1.1 研究区概况
	1.2 样品采集
	1.3 样品分析及方法
	1.4 数据分析

	2 结果与讨论
	2.1 不同植被恢复年限的土壤碳变化规律
	2.2 不同植被恢复年限的土壤化学性质变化规律
	2.3 土壤碳变化的驱动因子分析

	3 结论
	参考文献

