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Abstract: The mining area is one of the most severely damaged and degraded regions in the world. In the process of land
reclamation and ecological reconstruction of opencast coal mine, not only should the surface vegetation and organisms be

restored, but also the construction of underground soil microbial ecosystems should be paid attention to. However, the
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related researches at domestic and abroad are mainly focused on vegetation reconstruction and soil physical and chemical
property monitoring. There are few studies on the use of soil microorganism and enzyme activities to reveal the status of soil
reconstruction in mining areas. Through the sampling analysis of 24 soil profiles in 8 plots, the number of bacteria,
actinomycetes , and fungus and the activity changes of sucrase, urease and phosphatase in the dump and 0—20 cm topsoil of
Pingshuo mining area were studied by spatio-temporal substitution method and one-way analysis of variance, to analyze their
characteristics and differences. The results showed that (1) From the microorganism population and enzyme activity
characteristic, regardless of the time of reclamation, the number of bacteria was absolutely dominant among the three types
of microorganisms, accounting for more than 99.20% of the total microorganisms, followed by actinomycetes. The number of
fungus was the least; the urease activity was the highest among the three enzyme activities, followed by sucrase activity,
and phosphatase one the lowest. (2) From the point of view of the changes of the number of microorganisms population and
the density of enzyme activity, the change trend of the number of three kinds of microorganisms and the activity of three
enzymes in 0—20 cm topsoil was consistent with the reclamation years, which followed an up-down manner in line with time
changes in reclamation and then kept going upward as reclamation years increases. (3) In the 0—20 cm soil layer, the
microbial numbers in the southern dump after 27 years of reclamation reached 189.33x10°cfu/g, 0.1312x10° cfu/g and
1.1463%x10°cfu/g, and the reclamation effect reached 65.88% , 66.46% and 67.74% of the microbial numbers in the
original landform, respectively. The activities of sucrase, urease and phosphatase reached 1.96 mg 100 ¢”' h™", 6.36 mg
100 ¢ h™" and 1.45 mg 100 g”' h™', respectively, and the reclamation effects reached 83.40% , 86.30% and 86.85% of
that from the original landform, respectively. Therefore, the relevant research on soil microorganisms and enzyme activities
after land reclamation in mining area could reflect the soil quality and ecosystem restoration status in time to a certain
extent, so as to adopt more reasonable reclamation methods to improve the speed and effect of ecological restoration in

mining area.
Key Words: land reclamation ; reconstructing soil ; soil microorganisms; enzyme activity ; reclamation years; opencast mine
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Fig.1 Overview of the study area and distribution of sample points
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R-25a $2-2 GREHEL 1994 4 FLW ARIBE 54T AT A (AR o
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oL S8-2 e XL — JE AR, LT, K
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R:%& B, Reclamation;a: 4EFR , Age; OL; J5H1%7 Original landscape
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AL [E]JE T A AR R R R HARREHTE 10—20 em 12 Th 2R EWECR LR TH9 8 R, 7E0—20 cm
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em )RR RAF BRI A A Y R i S A B B B B T 0—10 em 2 AYHFAE

®2 FHEARSERFRIBEMEVBERBEHE (10° cu/g)

Table 2 Soil microbial quantity and overall characteristics of different reclamation years in each section

;Eiiﬁ . czﬁe S)ry i fiﬂeter R-0a R-6a R-7a R-15a R-16a R-25a R-27a OL
i) Hiff 523667 1145000 937000  54.3000  71.2000  76.7000  92.4000 135.1000
Priff 2 SD 1.9553 87504 49487  3.6346 87109  0.0000  9.0017 11.6568
A5 RHCV/ % 373 7.64 5.28 6.69 12.23 0.00 9.74 8.63
1) Bl 0.0370  0.0790  0.0649  0.038  0.0498  0.0535  0.0641 0.0929
0—10 FrdfifR 2 SD 0.0013  0.0059  0.0033  0.0025  0.0058  0.0000  0.006 0.0079
AR RZBCV/ % 3.54 7.47 5.13 6.4 11.73 0.00 9.52 8.46
T B (E] 03377 0.6837  0.5677  0.3483 04423 04730  0.5607 0.7983
Priff 2 SD 0.0110  0.0490  0.0273  0.0205  0.0487  0.0000  0.0500 0.0649
R RECV/ % 3.26 7.17 4.81 5.89 11.01 0.00 8.92 8.13
L) Bl 51.9667 120.4000 90.4333 527667  61.7667  67.2333  96.9333 152.3000
Fiffi 2 SD 1.0599 133652 29485 97167  1.5822 119601  9.6728 16.6406
SRR CV/ % 2.04 11.10 3.26 18.41 2.56 17.79 9.98 10.93
) Wil 0.0368 0.0830  0.0628  0.0373  0.043¢  0.0471  0.0671 0.1045
10—20 rififR 2 SD 0.0007  0.0090  0.0020  0.0066  0.0011  0.0081  0.0065 0.0112
AESERECV/ % 1.91 10.88 3.19 17.60 2.49 17.22 9.70 10.75
e Bl 0.3353 0.7167  0.5497  0.3400  0.3897  0.4203  0.5857 0.8940
Prifif 2 SD 0.0061 0.0746  0.0164  0.0544  0.0086  0.0666  0.0536 0.0930
SRR CV/ % 1.82 10.41 2.99 16.01 221 15.84 9.16 10.41

3.1.2 & B EREE ERRE

WA BRARPR A 42 B 4525 + IS PEAE 0—10 em 1 10—20 em 78 AR A AY 20 A AR AE W % 3 B
T 2 F A A R TS PR Y I B R ABTE 0—10 em )2, REVHREG JIRAE A BERR G 3 Fh 8RS M XA 1) i (B A
R-6a FEHL, FEWHEGIE 4 1.0567 mg 100 ¢™' h™" IRAGTE 4 4 3.3800 mg 100 ¢ h™" LA K B 2 g 176 14 24 0.7700
mg 100 g ' h™" iR B AR R R RIS YRR 78 10—20 em 12,5 0—10 em )2 B4FEAIML, R-6a KE
Hi AR BTG MK, RERE TG PEIK 0.8100 mg 100 g™ h™ 5 JIR G AR R il 5 7% 43 531 35 2.7367 mg 100 ¢~ h™' Fil
0.6333 mg 100 g™' h™',

AR RZBAER A5 0—10 em L2 B R-27a 725 5 AR B, FREMHEA IR I 11 0 102 i 1) 728 5 R 8K
iKF] 4.12% 3.01%F1 2.78% ,J& T 5578 S FEHE , Ir A WF 5 A 19 28 57 RALAE 0—10 em 1 J23/NT 10%, #B8)E
T AR . 7E 0—10 em )2 FEHb R-25a A28 5 R B0 K, TREME T | JOR Ity /Rl 18 I 109 22 S R 0003 00 R
5.75% 4.15% H13.78% A& T 5578 SRR AT HoAR i i35l 55748 SRR
3.1.3 SR W sk R R P B AT B[R] 9 AR AR AR

AN RAEFR S BAEH A AL 0—10,10—20 .0—20 em + /24525 + 3030k My i it 5 R AE IR Y
AN 2 B AN [RFP A SR B i 2 RAF BRI 3 388 AR B AR b . ANie R BRAFFR BB [a] K
AN BCRAE 3 B A e XA LU TR B, L B fie /D b AN | R R B A B
Bifi 5 B AR R A 88 i 28 AL A 3 E 0—10 ,10—20 ,0—20 em HYZE Akl Ak — 3 ; & 25 T2k Wi () i 45 B i 1)
A A RA AR el | TR AR, 175 S 2 B AT PR A 388 KR T3 hin B A, X 5 70 2 e B B R B Y
SR vk FE B (R AR I 25 AP — 2 22 57, FERZ R0 K HE 3 1384 S R G0 R 42 DL R Hh ik
PR R, 76 0—10 em )2, 762 B 6 AEAYFEH R-6a, i T2 R a14 5 HAZ 2 CH A R R 55
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KEFEHLA 22 L 8AF oi TR R AR AR 1 MEE AR R 6 25 0—10 em )2 i 4 & 5l I
UG RE, IETER B 1S5 AR IR B i/ NEUE, (E e s A i B o T2 BRI 0 B9 AR 8% KHE 4% 0—10em
T ERANER G EE R 1SR, 2 R 0—10 em 12 HP AT EUE FF 4R 12 Wi e g 38 K ik It 328 T 44
Ko 1E 10—20 ecm T2, HIEME RIS BAER ML BEHS5TE 0—10 ecm 2R LEH—F, HEHM
R AR TE 0—10 em 5 10—20 em T2 ML EFAL 5 HETE 0—10 em F1 10—20 em 2125k FHAH
gﬁo

®3 ZHLUEAREBRERTIEHEEERSEBFIE (mg 100 g™ h™1)

Table 3 Soil enzyme activity and overall characteristics of different reclamation years in each profile

- i Py
Sif;; i/cm Cai(;:j)ry ;a fmeter R-0a R-6a R-7a R-15a R-16a R-25a R-27a OL

HEW HI{H Mean value 0.8100  1.0567 09767  0.8233  0.8867  0.9100  0.9700 1.1400

PiifEdR 25 SD 0.0100  0.0351  0.0208  0.0153  0.0306  0.0000  0.0400 0.0458
AR B CV/ % 1.24 3.32 2.13 1.86 3.45 0.00 4.12 4.02

i {4 Mean value 27400 33800  3.1667 27600  2.9333 29900  3.1567 1.1400

0—10 FiifEdR 2% SD 0.0200  0.0900  0.0503  0.0361  0.0874  0.0000  0.0950 0.0458
AR5 RHLCV/ % 0.73 2.66 1.59 1.31 2.98 0.00 3.01 4.02

il I Mean value 0.6333 07700 07267  0.6400  0.6767  0.6900  0.7200 0.8167

FiifEdR 2% SD 0.0058  0.0200  0.0116  0.0100  0.0208  0.0000  0.0200 0.0252
S RELCV/ % 0.92 2.60 1.59 1.56 3.08 0.00 2.78 3.08

iR Y Mean value 0.8100  1.0800  0.9633  0.8133  0.8500  0.8700  0.9900 1.2100

b ZE SD 0.0000  0.0529  0.0116  0.0379  0.0100  0.0500  0.0400 0.0656
ARRBCV/ % 0.00 4.90 1.20 4.66 1.18 5.75 4.04 5.42

ik Y Mean value 27367 3.4433 31333 2.7433  2.8333  2.8933  3.2033 3.7733

10—20 i SD 0.0116  0.1365  0.0306  0.1002  0.0153  0.1201  0.1002 0.1716
A5 RHCV/ % 0.42 3.96 0.98 3.65 0.54 4.15 3.13 4.55

R H{H Mean value 0.6333 07867 07167  0.6333  0.6533  0.6667  0.7333 0.8567

2 SD 0.0058  0.0289  0.0058  0.0208  0.0058  0.0252  0.0208 0.0351
A RRECV/ % 0.91 3.67 0.81 3.29 0.88 3.78 2.84 4.10

TREWE G IR BRI R G 3 b 1SR IS PR ZE 0—10,10—20 ,0—20 em 12 W Bl E BAERR 1928 b Hdn & 3
Fiim . 3 MG PETE 0—10,10—20,0—20 em + 2 AR L a S A — 2, R 5 604 P B e 44 L2 A8
fta Al S B0 — B LA, B 3 Al G P RE 52 B A () A AR fb R ok e 7R R R 6 AR I TS PR IA E) 1
ANUEAH B JS BRI, 76 52 BRI I] 15 AR IR B 5/ MA, 15 B E 52 BARBR A GRS T A 38 Jm iy, it
A X T A — 52 BAEBR Y 3 FPEEIGE, TCIBJE1E 0—10,10—20 ,0—20 cm + )2, IRAEFIE MR & &k, HOR G2
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Fig.3 Variation trend of soil enzyme activity with the years of reclamation
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Table 4 Soil microbial species changes in different reclamation years at 0—20 cm soil

. M5 Bacteria HE Fungus e Actinomycetes T8 ) A B
FE L G 5 Wk HoEr B Microbial
Sample . it/ % . it/ % . i /% .
Quality/ ) Quality/ . Quality/ ; population/
number 5 Proportion 5 Proportion s Proportion 5
(10° cfu/g) (10° cfu/g) (10° cfu/g) (10° cfu/g)
R-0a 104.3333+2.7791 99.2893 0.0738+0.0018 0.0702 0.6730+0.0159 0.6405 105.0801+2.7968
R-6a 234.9000+16.8380  99.3393 0.1619+0.0114 0.0685 1.4003+0.0941 0.5922 236.4623+16.9440
R-7a 184.1333+7.7035 99.3284 0.1277+0.0052 0.0689 1.1173+0.0425 0.6027 185.3784+7.7512
R-15a 107.0667+6.6891 99.2915 0.0756+0.0045 0.0701 0.6883+0.0372 0.6383 107.8306+6.7307
R-16a 132.9667+8.0649 99.3090 0.0932+0.0054 0.0696 0.832+0.0454 0.6214 133.8918+8.1157
R-25a 143.9333+11.9600  99.3142 0.1006+0.0081 0.0694 0.8933+0.0666 0.6164 144.9273+12.0350
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52 o N I S
Sample i Y% H L% B % Mlcrok‘.:lal
Quality/ ) Quality/ ) Quality/ ! population/
number 5 . Proportion s Proportion s Proportion 105 of
(10° cfu/g) (10° cfu/g) (10° cfu/g) ( cfu/g)
R-27a 189.3333+18.6690  99.3298 0.1312+0.0126 0.0688 1.1463+0.1036 0.6014 190.6109+18.7850
OL 287.4000+28.2970  99.3468 0.1974+0.0190 0.0682 1.6923+0.1580 0.5850 289.2897+28.4740
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Fig.5 Difference of soil enzyme activity in 0—20 cm soil layer of sample land with different reclamation years
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