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Effects of different reclaimed measures on soil carbon mineralization and enzyme

actives in mining areas
LI Junjian, YAN Junxia, LI Hongjian "

Institute of Loess Plateaw, Shanxi University, Taiyuan 030006, China

Abstract: Ecological degradation in the mining areas are greatly aggravated in recent decades. Ecological restoration has
become the primary measure for the sustainable development, espcially in Shanxi Province where mine industry has been
one of the pillar industies. Therefore, regulations were initiated to reclaim abandoned coal mining areas for agriculture and
forestry in 2006. The vegetation and soil physicochemical characterics are often considered as the basic knowledge for
assessing the effects of mining reclaimaed measures. However, soil carbon dynamics and enzyme activies still remain poorly
understood. In this paper, we tested the effects of different regeneration scenarios and fertilizer treatments on soil organic
carbon mineralization and enzyme actives in reclaimed opencast mining areas. Ecological reconstruction was initiated on the
abandoned land in Xiaoyli mining area under four regeneration scenarios including Lotus corniculatus, Medicago sativa
grasslands, Pinus tabulaeformis plantation, and Salix matsudana-Sabina chinensis mixed forest treated by different
fertilizations including no, inorganic, organic and combination of inorganic and organic fertilizer added to soils. We analyzed
the effects of regeneration scenarios and fertilizer treatments on oil organic carbon dynamics and enzyme actives, and the
relationships between soil enzyme actives and different active carbon through quantitative ecology method. The major
findings of the dissertation are as follows: (1) Soil organic carbon mineralization potential and cumulative carbon from herb
regenerations were lower than from tree ones. Under same regeneration scenario, the order of soil organic carbon

mineralization potential was no < inorganic fertilizer < inorganic + organic fertilizer < organic fertilizer. Especially, the
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positive effects of organic fertilizer were obvious. In addition, soil carbon-cumulative mineralization was also stimulated by
fertilizer treatments. (2) The feedbacks to the regeneration scenarios and fertilizer treatments from different enzymes actives
were different. There were the contrary responds to fertilizer treatments between herb and tree scenarios. Except for
phlyphenol oxidase, the effects of fertilizer treatments on soil enzyme activities were positive in most cases. (3) The
relationships between soil enzyme activities and carbon varied due to enzyme types and carbon activity. Positively significant
correlation was demonstrated on soil sucrase and dehydrogenase (P < 0.05), however, negative correlations were shown
between soil urease and oxidase (P < 0.05) /phlyphenol (P < 0.05). (4) The effects of regeneration scenarios, fertilizer
treatments and their mutual actions on soil carbon-cumulative mineralization and enzyme activities were at the 0.01 levels,
except that the effect of fertilizer treatments on soil phlyphenol oxidase was at the 0.05 level. Soil carbon-cumulative
mineralization and enzyme activities were more sensitive to fertilizer treatments and regeneration-fertilizer interaction than
soil pH, bulk density, organic carbon and nitrogen. Therefore, the sensitive diversity indices of soil carbon-cumulative

mineralization and enzyme activities could be as good indictors to assess the effects of mining reclamation measures.

Key Words: reclaimed mining area; regeneration scenarios; fertilizer treatments; soil carbon mineralization; soil

enzyme activities
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AR 4 Jihi) . A s A DUs S22 DX 22 b B B, MU A SR 0, A K AR 25 R4 b K
Bk 5—6 m, TEEh Wi LIS, T RN 1

ARG ALTE 4 NEEHIY 88 KR 5 ,2009 4F47 X 1| 43 53 Fh E AR ( Lotus corniculatus ) (H5F & A
5 kg/hm*) FEAWETE (Medicago sativa) (3EME N 10 kg/hm®) ARAE A ( Pinus tabulaeformis) (TR 5 a,
BIFE R 2 m X 2 m) A - [RIAAVR A MK ( Salix matsudana Koidz-Sabina chinensis) (#9141 & A0 B0 TH 88 2051 R 7
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Table 1 Soil physiochemical characteristics and organic carbon composition under different regeneration scenarios and fertilizer treatments

o i 1 T 2
‘ A i % ik L
K53 it A . . . Labile Labile
. . pH Bulk density/  Organic carbon/ Total nitrogen/ . .
Vegetation Fertilizer (&/em’) (&/kg) (&/ke) Carbon 1/ Carbon 2/
cm’
o o (¢/kg) (¢/ke)
kAR papilst 7.96 £0.01 bA  1.20+0.04aB  2.61+0.13aB  0.33+0.0laA  1.15+0.19aB 0.36+0.25aA
L. corniculatus JCHLAE 7.87 £0.03 aA  1.23+0.04aA  2.49+0.23aAB  0.37+0.02aB 1.47£0.24aB 0.42+0.16aA

EAM 7.92 £0.04 abA  1.25£0.02aA  2.18+0.40aB  0.34+0.01aB  1.15+0.18aB 0.15+0.09aA
AHUE  7.89 £0.02 aA  1.16+£0.08aA  3.22+0.19bC  0.43x0.02bB  1.28+0.29aB 0.47+0.24aA
EEH Xt iR 8.01 +0.06 aA  1.01£0.05aA  2.29+0.28abB  0.35+0.01aA  0.58+0.19aA 0.4420.09aA
M. sativa FHUIE  7.93 £0.04 aAB  1.1420.11abA  2.14£1.06abAB 0.29£0.01aA  0.70+0.10aA 0.35+0.05aA
HAEM  8.05+0.17 aA  1.32+¢0.09cA  1.29%0.03aA  0.25£0.01aA  0.45+0.06aA 0.31£0.10aAB
AHUE  8.06 £0.28 aA  1.26+0.05bcAB 2.61£0.23bAB  0.460.04bB  0.67+0.10aA 0.4920.09aA
THFABR X HE 7.95 +0.01 bA  1.35£0.04aC  1.68+0.23aA  0.34+0.04aA  0.69+0.19aA 0.27+0.09aA
P. tabulaeformis FTHUIE  7.87 £0.06 aA  1.27£0.02aA  1.68+0.13aA  0.3620.03aB  0.50+0.19aA 0.5420.16aA
HAEM  7.88 £0.01 aA  1.33+0.17aA  1.86+0.08abB  0.35:0.02aB  0.700.19aA 0.50+0.18aB
AHUE 791 £0.02 abA  1.3420.06aB  2.21+0.27bA  0.36£0.04aA  0.77£0.11aA 0.48+0.09aA

TRASHR X BR 8.24 +0.11 bB  1.17£0.07aB  2.73+0.34aB  0.3320.00aA  0.72+0.13aA 0.89+0.16aB
Mixed forest THUIE  7.97 £0.03 aB  1.29+0.18aA  3.09+0.27abB  0.52+0.03bC  0.840.15aA 1.11+0.10aB
SAM 791 £0.10 aA 1.26£0.06aA  3.56+£0.15bC  0.36£0.02aB  1.07+0.11aB 1.15+0.23aC

HHUE  8.03 £0.04 aA  1.27+0.08aAB  3.10+0.42abB  0.3120.02aA  0.94+0.11aA 0.95+0.10aB
BUE R B AR R 2 |, R R/INE 1328 A R B T AS 6] AR BRI 7R 0.05 7K 1 24 5 28 R[] K5 5 1 22 7% A0 [ B ek b 38 R R[]
HE#E 2 [0] 0.05 /K 25 %

F2 FAEEHESEFMEELET LBEFNHY LS

Table 2 Soil organic carbon mineralization dynamics under different regeneration scenarios and fertilizer treatments

F B Vegetation A Fertilizer C, k R? P
HFKIR L. corniculatus oyl 33.9809 0.0837 0.9937 <0.001
ToHLIE 37.7180 0.0708 0.9789 <0.001
2Za 42.6910 0.0702 0.9799 <0.001
AP 42.5551 0.0767 0.9805 <0.001
H1E M. sativa if R 40.1474 0.0774 0.9784 <0.001
ToHLIE 35.3712 0.0815 0.9866 <0.001
2N 44.9824 0.0714 0.9856 <0.001
AHHLE 45.9742 0.0663 0.9861 <0.001
AR P. tabulaeformis poyilt 47.7406 0.0615 0.9829 <0.001
T 60.3403 0.0534 0.9833 <0.001
2N 61.6312 0.0561 0.9824 <0.001
AHHLE 68.2653 0.0501 0.9900 <0.001
JRAEHK Mixed forest Xof 43.9511 0.0606 0.9858 <0.001
TeHLIE 44.8260 0.0748 0.9879 <0.001
2an 53.4164 0.0676 0.9847 <0.001
AHHLE 77.9699 0.0641 0.9952 <0.001

Cp; THEA PR L3 Soil organic carbon mineralization potential , % : A WU 4L & %L Mineralization coefficient,Rzg Y A% Determination
coefficients, P i EMEKFE Significant level
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Fig.1 Soil cumulative carbon mineralization dynamics under different regeneration scenarios and fertilizer treatments
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P MG AC AL B PE T A 38 8 T AR IR ARG . D3 51, BRI AE XS - M 22 Wy S8 AL g5 1 -2 Wi AF
P<0.05 , HAx b e P2 A B 2T Tt A Ak PR HAZ HAR RS2 2458 21 1T B 3 0KF (P < 0.01)

3 SRS IR k5 A A [R5 A ALK 8] A S 3 A, T T 5 S =[] A W 35 AR OG (P <
0.05) , T M k-5 FREMR I 10 22 M 4R A it 1) 52 S8 5 A SRR O . 4 RIS PR A LR B AN O | RERE I L 22 )
SE AR FIIR G 3501 S5 Bk 1A 2 JOERE figg e (i 25 ARG, Herb 22 B Sl Al 5 1 MR 2 R)AH 5 R B Rl 0.591, 41
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Fig.2  Soil enzyme activities in different regeneration scenarios and fertilizer treatments
®3 TEBEBEESARBEEEVREEXGRE
Table 3 Correlation coefficients between soil enzyme activities and liable organic carbon
BRI B R Z A AL JI5d S gl
Soil enzyme and organic carbon Invertase Polyphenol oxidase Dehydrogenase Urease
Z WA ALHE Polyphenol oxidase -0.208
Hi & Dehydrogenase 0.331" 0.183
X Urease -0.303" -0.339" 0.139
H LK Organic carbon -0.228 0.241 0.135 0.253
TG PEBR 1 Liable carbonl 0.353* -0.258 -0.103 0.223
15 PERR 2 Liable carbon 2 -0.211 0.591 ** 0.269 -0.155
MERE B Recalcitrant carbon -0.175 0.188 -0.017 0.452""

* AHIIKEH 0.05 (BB 5 * =+ FHAKFHR 0.01 (W)

3 itig

AN [T RE A A2 25 70 00 S A 8 3= 28 J2 3 3 0 - S0 WL 7 St R 4 ) M 2 1T 52 i) - S e ™ Ak i
RUPBT KR RS i B AR R AL R I B AR S ARG e B R A 2
2 ESL AN S PEA ML & i (3R 1) |, [t s mm + 3eme ™ fk SRR TS 4, T AR Ll AR &2 2 A0 1)+ 8
Bt b R FIIE AR (B 1 I 2) | 3XA] BE 28 TR AR AR BT K o3 22 5, DL RO [l R w8 o
FE S - SR RSP | B 5 3 I g D X TR K 402 = B HLAR A SR B R 71T D) AME
VRIS )+ SRRk ) BES2 H TRl T o A AR 3R - I AR E AN [R] , 3l A 12 R0 73 e U AN [
H AR LR T2,

B R R T S A R RN, 3SR Sy AR AR | IS R R K S IR
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