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Abstract: In order to clarify the intrinsic mechanism between soil quality and soil carbon cycling after reclamation and to reveal the char-
acteristic patterns of carbon dynamics of reclaimed soils under time series, the cultivated soils of 3, 6, 9 and 12 a reclaimed Dongtan mine
area in Zoucheng, Shandong Province and the forested soils of 3 a and 12 a reclaimed were selected for this study, and the normal cultiv-
ated and forested soils within the mine area that were not affected by the collapse were used as controls. Soil carbon dynamics characterist-
ics of reclaimed reconstructed soils under two different utilization methods of cropland and forest land under time series and its correlation
relationship with soil physicochemical properties were investigated by field sampling and testing soil total carbon (TC), total nitrogen
(TN), soil organic carbon (SOC), soil microbial quantity carbon (MBC) and soil physicochemical properties (pH, AN, AP).The results of
the study showed that the soil organic carbon content of both cultivated land and forest land after reclamation increased gradually with the
increase of reclamation time, and compared with the cultivated land and forest land after reclamation for 3 a and 12 a, the soil organic car-
bon content of cultivated land at all soil depths was higher than that of forest land soil at the corresponding depths; the organic carbon con-
tent of cultivated land soil 0-20 cm after reclamation for 12 a was not significantly different from that of the control, and the forest land soil
40-60 cm after reclamation for 12 a could reach the control level. The organic carbon content of 40-60 cm of forest soils reclaimed for 12 a
was not significantly different from that of the control. The total carbon content of both cropland and forest soils was higher than the con-
trol at all reclamation years, which was related to the higher proportion of soil inorganic carbon content in the reclaimed soils.The soil mi-
crobial carbon content of cultivated soils was significantly higher than that of forested soils in the same reclamation period, and the rate of
increase was faster; the soil microbial carbon content of cultivated soils was no longer significantly different from that of the control at 9 a
of reclamation, while the soil microbial carbon content of cultivated soils reached 362.59 mg/kg at 12 a of reclamation, which was signific-
antly higher than that of the control. The soil microbial carbon content of the forest land was 110.94 mg/kg, which was still significantly
lower than that of the control. The trends of soil microbial entropy of cultivated land and its soil microbial carbon content after reclama-
tion were similar, both showing a gradual increase.The microbial entropy of cultivated soils at 6, 9 and 12 a of reclamation were signific-
antly higher than the control; the microbial entropy of forest soils at 3 a and 12 a of reclamation were significantly lower than the control.
Reclamation soil SOC was highly significantly positively correlated with MBC, TN, and AN (p < 0.01), significantly positively correlated
with g(MBC) and AP (p < 0.05), and significantly negatively correlated with pH (p < 0.05); MBC was highly significantly positively cor-
related with TN and AN (p < 0.01), significantly positively correlated with g(MBC) and AP (p < 0.05), and significantly correlated with
TC pH showed highly significant negative correlations with AN and AP (p < 0.01) and significant negative correlations with TN (p <
0.05). The main conclusion was that along with the duration of reclamation, soil organic carbon and microbial carbon contents accumu-
lated and recovered to different degrees under both land use methods after reclamation, and reasonable agricultural farming activities after
reclamation contributed more to the continuous improvement of soil quality.

Key words: time series; infill reclamation; different utilization methods; soil carbon dynamics
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Fig.1 Location and soil sampling of the study area
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T, pH EZE 5 A B3, B2, H-A5 0 A L 2%
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SR AR S, (EERT X I, 2 BAHBERE 0~ 20 cm
3 AP, TN S fifisd B a] St R F] 9a

JERFHRZ TN RO SR EER, 3
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Table 1 Some basic properties of reclaimed soils

HRAERR i R em pH A A/ (mgkg ) M &8 (mg-kg ) BASE/(gke )
0~20 8.40+0.04a 36.38+4.43¢ 8.85+5.17¢ 0.79+0.06b
3a it 20 ~ 40 8.35+0.07a 16.23+2.08h 1.35£0.55h 0.41£0.03¢
40 ~ 60 8.25+0.09a 18.42+4.55h 1.44+0.58h 0.60+0.08¢
0~20 8.630.04a 51.39+2.33¢ 10.77+1.39d 0.78+0.02b
6a Bt 20 ~ 40 8.50+0.05a 31.43+2.30f 2.91+0.15g 0.51+0.05d
40 ~ 60 8.30+0.07a 26.60+2.94¢g 3.24+0.57g 0.510.08d
0~20 8.69+0.05a 53.26+3.78¢ 14.78+1.81¢ 0.86:0.02ab
9a Lij: U 20 ~ 40 8.44+0.01a 39.43+2.91e 3.40£0.41g 0.60£0.06¢
40 ~ 60 8.33+0.03a 38.05+3.30¢ 2.49+0.22g 0.60+0.10¢
0~20 8.49+0.07a 63.22+2.80b 19.44+4.86a 1.06:0.03a
12a it 20 ~ 40 8.25+0.07a 39.08+2.83¢ 4.47+1.15g 0.82+0.08b
40 ~ 60 8.10+0.06a 33.62+2.76f 1.45+0.42h 0.83+0.03b
0~20 8.35+0.05a 43.24+2.90d 3.460.39g 0.48+0.06de
3a M 20 ~ 40 8.35+0.02a 37.1242.86¢ 2.69+0.59g 0.40+0.05¢
40 ~ 60 8.28+0.03a 42.28+4.53d 3.98+0.93g 0.42+0.05¢
0~20 8.41+0.03a 35.53+3.72¢ 1.94+0.10h 0.59+0.11¢
12a s 20 ~ 40 8.37+0.03a 19.96+4.72h 1.920.26h 0.47x0.07de
40 ~ 60 8.43+0.02a 15.90+2.60h 2.25+0.33h 0.48+0.04de
0~20 7.32+0.20b 66.40+2.60b 18.77+5.96b 1.12+0.05a
CKL At 20 ~ 40 7.54+0.14b 49.57+1.19¢ 4.15+0.41g 0.69+0.03¢
40 ~ 60 7.72+0.09b 33.83+1.53f 1.800.20h 0.60+0.04c
0~20 6.94+0.15¢ 92.49+2 86a 23.91+3.23a 0.97+0.03a
CK Mt 20 ~ 40 7.230.19b 43.26+5.64d 5.68+2.00f 0.75+0.04b
40 ~ 60 7.64+0.13b 44.09+3.19d 1.74+0.21h 0.65+0.05¢

e SR FIHARIEDS, p<<0.05; CKOWX IR, CKLX MMM ; [F—3MHR NG FRFRR 22 A,

AR L, R 4 pH, TN {HH 5
BRZE T TR, BEE RSN 155 pH e8],
X0 IR RS AR R, T TN A AR 345 00 1
AR o BRI, 52 BAE 3 AN Bl A + R
AT R T R, ELAS TR] L B ) 1 e AN 5 8
T X M AP S REYEHERZEES T TZE, X
X HEAEL . 2 BRARHE LR AN S, HF] 12 a i)
7SR BT 0 IR [T AL, (ERH EOX R 3 22 5,
M2 Bobk it -39 AP i S AR L IO A AR

2.2 EHEIFR 5 TR L IE B HARSFE

M 2% 2 K& 2 R, B B BFH A2 BRI [F]
TR SOC & & HIBE T [A] 3G i % .
)4 BRAERR R, #F b 158 SOC & B Thk, 42
B 12 a5k & )2 £ 3 SOC & = b i + 3 1Y
125~ 15145 £ IR EEASfL -, A 0~ 20 cm %]
20 ~ 40 cm FEF] 40 ~ 60 cm, [ T & B 3 a b, H
A0 BLIFIR] N 3 SOC SRR RN LR
T2, Bt Tk, &2 BT,
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Table 2 Soil organic carbon content of reclaimed cropland and reclaimed forest land
HHLER A (g kg ™)
5 RAERR + I — — —
THEHEO ~ 20 cm T IEIRE20 ~ 40 cm +-IERE40 ~ 60 cm

3a Bt 5.83x1.12¢ 2.56:0.3% 3.12+091e

6a Bt 6.32+0.37b 3.97+0.45de 3.24+0.74¢

9a Bt 6.8120.49b 5.1240.41d 4.37+0.43d

12a Bt 7.98+0.40a 5.62+0.61c 5.38+0.14c

3a it 4.29+0.56d 2.39+0.42¢ 2.00+0.42f

122 Mt 5.28+0.61c 4.51£1.09d 4.19+0.67¢

CKL s 8.38+0.48a 5.62+0.67¢ 3.68+0.53¢

CK Bt 9.09:+0.41a 6.92+0.86b 6.030.76b
Bt o 0 ~20 cm H3EVREE I, Bt + 3 5 %5 BEAH L SOC 7
ey | T RAT 35.86% . 30.47%. 25.08%. 12.21%, FiHi
T 107 20-40cm - HE 5 X B L 23 ) i IR 48.81%. 36.99%. TE
8 20 ~ 40 em HHERE |, B+ HE5 X A L SOC
o of SRSy BRI 63.01% . 42.63%. 26.01%. 18.79%, #
3 4 M - 58 55 T HRAR LE 230 4 MK 57.47%. 19.75%. 1%
2t 40 ~ 60 cm TIEWREE I, HF b 1 5 5% BUAR L SOC
BRI 48.26% . 41.27%. 27.53%. 10.78%, #k

3a 6a 9a 12a 3a 12a CKL CK
|
H2 FRIEREENE BRI E BN
SOC & &% 1
Fig.2 Changes in soil organic carbon of reclaimed cropland

and reclaimed forest land with different soil depths
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SRR ZEN 55.07%. 28.97% . 9.8%, S T %
e 3 a® 12 a IR AN 119.53%, MK Bk
HifY) SOC &t 3 a# 12 a 9B K &N 88.7%; 1¢
40 ~ 60 cm IR IE I, &2 Bk SOC &t g
N 3.8%. 34.88%. 23.11%, Wi K LTS W, H
3~ 12 a IS Ny 72.44%, 1 5 B AKHLAY SOC &
T 3a~ 12 a KA 90.45%, HIMAT L, 7E
0~ 20 cm, 20 ~ 40 cm HHEVREEEHI N, B RAFHLAY
SOC & i D Je i KR AR L i 25 w3 T R AR, 1 7E
40 ~ 60 cm IR ETLFE N, & B Ak SOC & & &
SRim T2 BAKHL, (B[RS RKOREG A K, R
F) 12 a iF, #FHb +3 0 ~ 20 cm (9 SOC & & 5 %t g
AR HE 22 58 0 3, MRkl 13 40 ~ 60 cm A9 SOC % i
XA 2 A . BEE B BT AR, 1
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i - 98 55 0 BEAH U 7E 3 a IR AIG 40.22%, T AE 12 a
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W, 2 A
2.3 BFEF S TR 115 SRR A0 TR A RRHAE
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Table 3 Correlation among soil carbon and soil basic

properties

MXFEE soC MBC ¢(MBC) TC TN pH AN AP

soc 1
MBC 0.479** |
¢(MBC) 0.315% 0313* 1

TC  —0.068 —0.317%-0.331*% 1

TN 0.483%*0.630%*0.657** —0.163 1

pH  —0.327* —0.116 0.027 0.077 —0.405* 1

AN 0.569%%0.573%* 0.610%%—0.362%0.758%*~0.510%* |

AP 0.334* 0431% 0.438% 0.007 0.540%*—0.529%*0.479** 1

TE: ** 72 0.01 AU REARR; * 78 0.05 K- (Ui L
WEMR,

3 it i

i} 17 2 SR Ao AR A O B R sl R 3 U, g
Hhig B HHE SOC & b 75 52 B Ao ()4 i 1 fin, 22 B
FEARLA B 25, BTl 742 B 18 SOC AR
A R R R 0, R A B A B BRI ST .
WF5E Y, AR 18 SOC i & B AT FRAS Wi 3 iin,
EHE K R A 18, Z R 12 a BHAGHE L A Ah +
ESOC HHHUAHE R 3all 1.2~224%, HIWET
Xt A8, ZHAO 25 [y RIFgE 6 B R IX MR A
BRFEEHT SOC FIG KA, R 13 alti
SOC bt ikFIE B 4450 3.1 7%, XL EHT
AR ARG E AR, o F R A TR
PRI I FE Ak, AT R0 e, R OE 1
8 SOC M PR R s e ML R = UF, AR
R 2 RN & YA TR A 135 DL R KA HLAE AR AR
(Rt (E R AE b VR4 IR B R 5, [ B BLA
FIRE S — 20 3R - PR R AR S5 4, 7 — e B
R T 3 SOC AR B R UL i oy v &2 B bk +
8 SOC Fra s, X2 5MEIRGAESRE
4l B — B AR AE 25 R GE Xt 3 SOC R &2 1152
WA A 2, FEMREIR G S R G, MR R
0 ~ 60 cm ¥JA K51, HIATEYIFIREE K
2P It L ERE SR s R0, R A R B 1
A B A ML S TR B, BT DL
AR AR 25 R G5 145 SOC 14K 3 B i T AR WF 98 b
Mo T4, ABESE R, B B4 ZE SOC & w41
Tk i A2 B AT BRI A 48, S50 BB HILAR LY, 4 40 ~
60 cm TR EE Y SOC % it i X R, 33 3 W 5 Al )
FH 7 AR L, MR R 77 =T T IR i it fin 25 5
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Z M PR 0~ 40 cm & B 14 SOC (K HR, 5
0 ~ 40 cm +JZAR[A], #HL 40 ~ 60 cm HE 13 SOC
B i 50 BRI TC 3 25 57, axX R R T M
REARHE ZR B HR S 0, (AR 2R 53 WA ) 5 20 0st O itk
PLA B A AR FHE BB 22 14 - 388 i o
TEARMSE R, AR B 11 SOC & &2 W E KTt
TR, {H TC & T RAA I . 84 T RIRh ]
HAUNE R A3 SIC &5, 78 2.43 ~ 16.02 g/kg,
hi TC 1Y 26.30% ~ 86.21%. %5 CHAUDHURI"”
ST R, 09T K BLTE 52 [ VG 3 35 JE M Y
SR SIC FELTF TC &8 4%, X 5E B
IR A RIS . ORI, 13 SIC
it 5 SOC, AN 2 B EMAHX, 5 pH 2 35 1A
%, X UL - R AR I Y SIC f i £ B h TR AT
IR, T EEAT A AR R A, 2 A AN
Oy TR, Horp i) Ca, Mg, K &0tk 4 Rtk &9
WA, RWHHFEHHER HY, (452 B+ 19 i
P, X SR gRoe gt ARl R, 2 R JE B
b FMR A 7 20T, 8 SIC & RS A LY
BRI EGE, XWfE IRATRARRE R L2 4
T LR, DTS T2 B Je i IX &2 B T4
14 MBC 7EAEW 750 R . A LT3 fif Fn 58
TP R Th R A G E T, R 14 CL N,
P S5 F5 50 PR A RN 2, Al 2 VS Y W R I A
T B S VP4 B o AR ) 25 IR Y T B bR 22
26271 g b 418 MBC SR 7EE R 3~ 12 a Hi/H]
HE H A 104.07 mg/kg 35 & 362.59 mg/kg, HK i M
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HE MBC &y 20 W ag s Kok, K e R 9an
i +3E MBC S 5B TRE2ES, R 122

FERCRA RIS B g, B R F] 12 a Wbk 1 4
MBC &5 A7 8 AR T4 B, 84208 g ff
FERRL, 31 A 2 B S5 A AR it A 45 3% 2 AH Lk 5 AR
ML BJE A F AR TN ST AT IR Mg
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e 35 IE AT 96 (P<0.01), 3% 5 282527 1BksE
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