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Effects of restoration measures on soil enzyme activities and
micobial biomass in the coalmine dump
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Abstract: Engineering reclamation, planted forests ( Ulmus pumila, Robinia pseudoacacia and
Amorpha fruticosa) and natural grassland were selected as restoration lands, while bare land was
regarded as reference land in Haizhou opencast coalmine dump. In order to find out the best
restoration measure, the effects of ecological restoration measures on soil enzyme activities and
microbial biomass were studied in coalmine dump. The results showed that the activities of urease,
protease, invertase, alkaline phosphatase and soil microbial biomass in the restored lands were
significantly higher than in the bare land in the same layer (P <0.05). The activities of those four
soil enzymes were significantly higher in planted forests and natural grassland than in engineering
reclamation. The activity of catalase was significantly higher in engineering reclamation than in other
soils. But soil microbial biomass in engineering reclamation was not higher than in other soils. In the
top soil, microbial biomass C/N was in planted forests and natural grassland significantly higher than
in other soils. In the deep soil, microbial biomass C/N was highest in bare land. For the vertical
distribution, soil enzyme activities and microbial biomass decreased with the increase of soil depth.

The correlation analysis showed that soil enzyme activities and soil microbial biomass were

2013 4 4 H 10 H k.
* L TABE TR BT H (20060391 ) B H).
w x HIREK R A, Tel ;13898540012 ; E-mail ; xiangyun06@ 163. com



328 B2 5% 1k 2 3 E

significantly correlated with soil nutrients. Soil enzyme activities and microbial biomass could be
used as biological indicators for evaluating soil quality. The effectiveness of restoration measures on
soil ecological environment was planted forests > natural grassland > engineering reclamation, and
trees were better than shrubs in coalmine dump.

Keywords: coalmine dump, soil enzyme activity, soil microbial biomass, restoration measures.
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Table 1 Characteristics of soil nutrient under different restoration measures
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THER 10.73 7.41 4.63 0.32 0.36 72.42 6.56 19.03 96.3
TR AR AR 15.53 8.07 15.30 1.47 0.39 72.23 15.12 23.35  556.3
0—10 em PRI 20.06 7.23 16.28 2.49 0.43 70.36 29.87 22.50  916.5
b SRR 14.30 8.10 15.48 1.43 0.40 69.31 15.50 23.42  388.0
KRB, 13.71 7.78 15.42 1.59 0.44 75.19 17.83 21.29 383.0
T M 15.14 8.20 13.99 0.50 0.09 42.07 9.96 18.20  299.0
THRER 10.94 7.69 3.85 0.21 0.29 68.30 2.39 18.70 71.0
TR AG AR 17.53 8.14 15.02 0.49 0.38 69.90 4.76 21.90  502.0
10—20 em  FAEAIRE 22.35 7.90 15.00 1.59 0.29 69. 12 16.71 19.01  666.0
ApAF LT AR 15.98 8.36 15.15 1.06 0.36 68.60 9.56 22.07  360.0
RIRFE 17.43 7.99 15.25 1.54 0.43 59.54 12.84 19.29  248.0
et 18.09 8.47 11.72 0.34 0.08 39.13 3.28 15.15  244.0
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Table 2 Soil enzyme activities under different restoration measures

g W m&: ﬁrﬂﬁfi/ r*ﬁml/ wda'rtt@éﬁéﬁﬁ/ ﬁ%‘w{:i}lﬁ@/
(mg-g™") (rgg™) (mgeg™") (mg-g™") (mL-g™")

TRER 0.405°¢ 67.540° 0.964° 131.380° 2.150°
Tl A AR 1.910° 151.700" 17. 666° 353.330° 1.500"

0—10 c¢m TR 1.090" 221.870° 18.051° 305. 460" 1.150°
TP SRR 0.993" 95.320¢ 8.348" 376.470° 1.000°
KIRFLHD, 1.767¢ 115.780° 18.053* 369.680° 1.665"
Bik 3 0.211¢ 36.970° 0. 1594 66.100¢ 1.850"
THRER 0.235° 35.150° 0.324° 86.920° 2.000°
AR A AR 1.557° 67.670° 2.584" 153.270" 0.650¢

10—20 cm TR HIRE 0.993" 54.410° 0.219° 156.080" 1.000°
TP 2L RAR 0.731" 56.060" 7.623° 261.520* 0. 600
KIRF 1.300° 74.410° 1.583" 236.180° 1.500"
Bik 3 0.049¢ 36.230° 0.057¢ 44. 1501 1.000°

T [FIF R BR - BEAR ] 25 22 5 35, /NS BESCTRERR P <0.05 JRP 225 35

FEAE S M N T RIARL AT ARS R SR B b P O O T ) 1 v - TR DR IS 2 5 TR R 7 i v 3%
J2 SRR S P TR R A 2 N TR A R SRR R O K R S S B )2 T v ) MR T
N TR 28 R R DR SR e 1t 8 AT AR /o S a1k B R il 0 5 TR AR R B A i e e AR AL U

IR A VR A B AR 0 itk RS A T R R P Tl 46 A b P 7 R S L R B
B R oA, B S b 5 e N AIE PR G 1 R il RN R L SO MR LRGSR RE T 1Y)
TEWERG L B REfs 1A AT DLBE AL B 0 1k A i I it 1o 336 12 o T e A .

F & 2 AT, N bR R R 9K 7 4 vy B R 1 O TR B SR AR e YE R
B RR KA, I RE G R Z2 (R, 200 T RS MR . Dy — I, il R LT P T A N A U
WAL Ca®t Mg™t il Zn® " 55 IR B0 I 43 b O A B/ i R RS ), NI B ] T - R Y
T N TR M ) 2o 48T U TG P A T LA AE 52, 32ty bkt 3 55 00 & 4 7 4, S E W Bk
TR A SRR T A S R . R T AR S R W B A s A T R R IR
HL I S RRAIR DRI 5 S5O T 4 1 P A 3 0 o o 4 T St T A b 5 4 it 3.

TR M v PR A R AT R A 2 T MR X S R R AT 4 R (T
FIHN TR > HIRIRE > BT ) W6 25 5%, 3X0Fh 22 5202 th AN [ 1) 1 38 2% 13 B 1. R AR R AR g
FEMI LAY | 3 1 A R PR R A R A3 1 25 S X S g e R M R . SRR T A SRR
M, HA N — AR AR AR A K, 5 TR BT AR AR AR L, AR Hb RE ) 5 Mo i A
HE 3 130 5 PR BB bl R R A T e B O R 7 A S B U A B g v DR R
SR v R - MR P A
2.2 - ERGTE MR A

HE 437 - SRS PR B0 E P 0—10 em )R E T 1020 em HEBIFAL, FTEFSE 5 F
- S 4) 3 E R B R B A3 I TR (35 2) . XS 0—10 em 2 EPIR R B YR AR DL K
T E A YRR L | TR SR A S B E R 22, R RS PR 4R 10—20 em )2, X
5 At SRR (A 5 8 SR A —



2 4 =) A5« PR S A T HE 37 - SRS M 0 i A ) ) S 331

S PIR A2 it b e S MR I B 1 R 0 A il M E 2 R R i ) 22 S DRl R A R
fitp TG PR, R A SR AR 2 S e A W A AR B e HE LR E RIERER)ZE L RIEAY)
SAARAE FH I R 25 1 LA AR AR, 5 S0 PR - 498 g 0% 1 22 R B 1) 5 /0. DR It A8 408 /K it A LB,
HLTEE A7 - SR B (W RE /) | S 8 R HE = I o 7 1 R R R R B 11D S b
PR AT 2, NIRRT i X AN K (3R 1), DT o 36 2 9 v 9 MRl 05 1 5 TR 2
HEAH A W .

2.3 PRE XS A Y R

6 3 NHE AN FIR S T R A Y ¢ N YA R, 7E R )ZE IERNR R £ A T AR
FAREEH A IR Y C RN X B3 T i, T TR RS e ) A S AR TR LA
AT A AR C N Bl SRR BE A3 I i 2 B AIK. 7E 0—10 em )2, 3 FiobH 7 K S8 B Hfil
AW C IR 2. 46—3. 85 fiF, THRRE BAUA0.95 £i5, K/MRUCH N T MM > KIREH > T
Ho> TFEE B3 FlobRHLE A AMK RO AR > R > SRR AR ; MRh R R SR 5 1 A £
YR N R TR 1.23—2.65 15, TREE RN 1. 19 15, KM AN T AR > KARFHL > T
BRM > T, 7E 10—20 em +)Z N TMRHL AR SR B () A W C AN 43 512 e 4R LAY
1.73—2.37 {541 3. 83—7. 67 %, TR BN 1.03 Al 1.52 f5. K/ANRB I N T AR > RRFH >
TR R > SERH. 75 3 FobRALEIF LR TR A (A FURIRR ) 7 52 HIERE Y B C N 5 L TR
K CEBRL) . WUED R C/N FfEAERZE o TR B R e #2508 2, 76182 1 3
Hh U] B0 Ry S R I v B S b, AEAE R TR A B R T O AR R R S AR - 1T A ARS R AR AR
SURTE ST (A

AR Y C RENS Rt A AL S B AR L. PR S R s R EAR R ke ak, I
AL, SR YT R R 8 SR B s, PR, R T AR RIE AR FE 3 s B i C Oy i AR
3 KRR PP AL REAS L e 21 ¢ ZRRAERED RN, TRE B by 34+ i
ZABL, R RS AU S IR A R = AR EAEE T A T R E KW
BUNFEHE ZRE R, S8 BRI R TR R RS, U C ST AR R .

IR i NORRE R T N RS B E I ER G S TEHE - 3 3 T A B S R T LA
FE YR WA B U E R N R B, N TR R [ SR 0K 52 PR I 52 15 i A 1 R S i, L b
AL RS TSR 1) 85 SR fe ¥ 3

R3ORFEPRIZHEIE T R C N At

Table 3 Microbial biomass C and N under different restoration measures

0—10 cm +J2 10—20 em +JZ

PRALHH i BUEMR C/ MUEBRN, gk | PEHRE BUEMIR C/ BUEMIRN  BUER

(mg-kg™") (mg-kg™") C/N HfH (mg-kg™") (mg-kg™") C/N HAH
THRER 88.56" 29. 120 3.04¢ THRER 44.17¢ 3.734 11.83"
Tl REL A A 357.95° 61.40° 5.83¢ R A AR 100. 95° 18.87° 5.35¢
Tl A 315. 140 64.80° 4.86° T RE R 101.57° 18.15° 5.60¢
FivfE 22 R 312.89" 30. 84" 10. 15° A 2 FAR 99. 69° 13.36" 7.46°
KIRE 228.47° 30.06" 7.60" KIR B, 74.38" 9.42° 7.90°
Bi 3 92. 944 24.43¢ 3.80¢ B 31 42.88¢ 2.46¢ 17.43%
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FUHE R IR S i R Y C/N M 2 IR AR 22 S0 A WA 1 i 39 rh A
DX FRANIFIE B O AR RS AR B 3 C ZA N R BBUKP AR 22 5, R 2t i b S
Yk C/N HAER AL, 7EFTB SIS Tt | 2B I A Tt st 2 R B = L TR 2 %
25 5 BT NS R — 2 MR ARl AT SRR AR M 10—20 em )2 P L3ERUE Wit C/N
FAEAR T 0—10 em L2, YW1 HAMPR S FETE AN LU , #0470 2 REAR AR 1O TR 2 L 3 P AT B2 O R
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Table 4 Correlation coefficients between soil enzyme activities, soil microbial biomass and soil nutrient characteristics

T H b it Bl HERHG WrEwEREE  ARLERE  BUEYEC BAEWEN
K 0.218 0.233 0.041 0.021 -0.660" 0.072 0.116
pH (& -0.101 -0.550 -0.301 -0.178 -0.490 -0.263 -0.482
AL 0.607 * 0.435 0.484 0.567 -0.638" 0.497 0.363
2N 0.605 * 0.804 ** 0.713* 0.759 " -0.266 0.703 " 0.650 "
&P 0.747 0.601* 0.588" 0.785 " -0.092 0.700 * 0.439
4K 0.618* 0.467 0.513 0.635" -0.016 0.536 0.529
R 0.492 0.849 ** 0.726 " 0.685" -0.130 0.737 " 0.752*"
B 0.721** 0.652* 0.721*" 0.848 ** -0.298 0.784 ** 0.660 *
G 0.516 0.734" 0.577* 0.456 -0.510 0.614* 0.679"

e+ R RYCEE W E KT (2-tailed) 5+ * RRMICREGE B E K- (2-tailed ) .

PRz iy S Fh SRS YE A E D) C N 25 pH (S SONSE, o S S /Y N 5
pH fE AR SR AR AE B 525 K- (P > 0.05) . A LG 49806 - s A i ¢ N L
A W RIE . IR P 5 A LB 4 N Fle K &2 1 2R E EAG(P < 0.05),54P
FHB 5 U R IEA GG R (P < 0.01) . S B A BERRE 5 1384 N 4 P B 22 s S5 wl AlL
RCK A R S SO R IE A S OC R MR IR S e A N 4 P K B R S
[F] 1 T A 2 e 2 I AR OG. i SR U S KR ML & e S B AR SC, R C N 5
S\ R AL ¢y By G A E DR PSS R TR 35S TE ¥/ S o

TIERRERS S 5 IR B R A LR 2, 2 5 IR B [ 5 R I 2 Bl R ARd SR
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Serp A R S EE AL R BRI S S ORI AL BRI 2 S L S 1L, i 4R
PSR P AT DRAE b e A S A AR 588 B . MG M B A SRR, R | 2 1 i | R T A
i B A T ) 7% 185 SR 0 LR R W MAT R D )l A 0 S Ak R 5 2 2 il 2
KA, X5+ SRR R L 5 & RAL G W RBR K AL 5 0 55 ) JBOK i 7= Al SR ) R A 57 701X —
JEBEARY) 5. i A A AU S R R B UG IR TR SR S R R A R XA
i AL D P L S A 00 R 9 3 S A SRS PR A 25 2R 5 X8 = OB FE 4 R A —
O LR C N SR AT BRI FH AR e S SO A 2 ] A A DA 1k ) 3 A
F BRI R WA R R S Y R EA PR R T EORAEI.

MLAE A SRS PE AR Y C N 5 SR R AL A 4 ROk, LSRRG PRl A= Wi C
N REAR G Sz Wiz KA HE 371 TSRS FARBL , ol DI A S B A AR )~ 4 .
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