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Study on Soil Enzyme Activities and Physical and Chemical Properties
Under Different Vegetation Types in Yongli Opencast Coal Mine
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(1. College of Natural Resources and Environment, Northwest A&F University s
Yangling , Shaanxi 712100, China; 2. State Key Laboratory of Soil Erosion and Dry Land
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Abstract:In order to understand the effects on soil physical and chemical properties and enzyme activity varia-
tion in different vegetation types, three kinds of vegetation types(Medicago sativa , Astragalus adsurgens
Pall, Astragalus adsurgens Pall + Pinus tabulae formis Carr) were selected as research samples in Jungar
Banner, Erdos. The studies were help understand the relationships between vegetation restoration and soil
quality. The results showed that soil physical and chemical properties of different vegetation types had been
improved, were characterized by Astragalus adsurgens Pall >Medicago sativa >>Astragalus adsurgens Pall
+ Pinus tabulae formis Car>>CK; the soil organic carbon in 0—10 cm layer in Astragalus adsurgens Pall
community was 5. 18 g/kg, which was significant higher than other vegetation types; soil organic matter, to-
tal nitrogen and enzyme activities under different vegetation types declined with increase of soil depths.
There were significant correlations between soil enzyme activities and soil nutrients. Phosphatase and invert-
ase were significantly positively correlated with soil bulk density, suggesting that soil bulk density had sig-
nificant effects on soil enzyme activities. Soil enzyme activities also significantly differed from different vege-
tation types, with respect to invertase, Astragalus adsurgens Pall > Medicago sativa > Astragalus adsur-

gens Pall + Pinus tabulae formis Car>> CK. The invertase of Astragalus adsurgens Pall was twice higher
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than Astragalus adsurgens Pall + Pinus tabulae formis Car, and urease in Astragalus adsurgens Pall soil

was significantly higher than other vegetation types.

Keywords: Yongli coal mine; vegetation types; physical and chemical properties; soil enzyme activity

Wil 5 P ) ] B 8 % 1) R R O e B R 1 T kR
FEFR (1 28 O A 15 R ER BT AT RF 4k kR K s b R R
HEEEIEN . BREY A LHEF IR, 573047
R0 AR IR A AR A B2 SR MR SRR AL O ke
5 ORI E R I = e ) R R A R
W IR AR T 58 R TF SR XA X 4 1 9 I A AR A 34
BERmEIR H e E . PE g, 19912000 4 1 4R
) 3% B PR JE ML 0.1 Gt 247, BLIERIR + Hi Al
71 22 000 hm?®, 3| 2020 4F, 4F Y IR + Hb 1 AL 2 Oy
6 600 hm® , Ho i IR i 2 4t At . R £ i
Y[R rd e S P R B S U - e S TR
fiti M BIEAR AT —F AR E RE . M
PRS2 1L A SR A A O IR R LR BT A
() R AE A R G0 MK SR 2 DU B WK 52 A i 4 1Y) 5
HR 5 B BR 5 25 1 15 7 308 6 P ) R R R A SR
BB ARZ — B E R0 . ke
WX I B P R A RE A AR B T IX AR A UL
e o IO RE I Ao R P AR R A . R
PEFRZR A AE AR R 20 W . ol AE W 5% AR 1 T 2 4y
fite s A B TR AE )G B 5 B IR R AR Y
TEPESR AR . B AR TS R G W) T 2 R e
AR B R R AR L0 PR AR
FHRARTT . HETL X SR R R R L KET
- HE PR RN A ) 2 AR AT F Y O
DL R BRAR A T 5 Bl TR 2 R DG R A X B A
SO 7K ) 88 R AR HE A 3 N TR) 4B 4 28 B0 R Y - 1
A JBTRT A B TR R AT A3 AT AR DU T i BT XA
P AT - S R L S DX K A R A B AR A

1 WF5E XS S 0F 5 Ui ik

1.1 HRXHER

TR DT e v T TN 52 oy S0 2R 22 7 T HE A R T
2R IK S W L BRVE 5 55 W VA (4 3 [ B AR
3.567 km’, RFERIF K A KMHY . WAL RS
110°12", 4645 39°43" . g4k i JEAE 1 324 ~1 423 m,
J& T B A g e Al 2 T 5O R A AR A IR
TCLAERE 3 000C, A HBEAE 3000 h DL b, 97X
J& TR/ BB 1 X, 2 4ERE K 2 298 380 mm,

W DX T 0 B B VA BRI D A DX A A IR
PUER R ] B e, th S S R L e
FR b 5 AR 2L (D BT U8 o D BRED A A B . A B

DLHBUR U3 E K8 RS maih HAr i, £
B UL SO AR D ERE AR 2 5 A
fh PRI 7 5 4 2H LT HETR A pK
1.2 EmX&

2013 4£ 9 JIAE N 52t HEAK JK I K R BT 52 B IX
KA LR AR R B 10 a (19 f5 (Medicago
sativa) VP FTWE (Astragalus adsurgens Pall) YD FTHE
MM IR AR (Astragalus adsurgens Pall + Pinus
tabulae formis Carr) [fJ SL YR, 356 B 3 A~ RAE 1
NEPANE ST L R ST A RUR AR B[R] Ik A R
—AE Y E E HLAE S CK X IR, B A b i B 3 A
T3 FETDT AR A3 51 0 - TR ARAETT 20 m X 20 m, B4 A
T ImX 1 m, KL RERFEE 3% 010 cm,
1020 cm M2 53 5 WOR & FF % B 5 Wl 525 =
FF 20 IR 25 H b ml L B R ke A K - S S AR X
i 2 o G A A S G Tl S B A o0 A
1.3 RO
1.3.1 g R HIEAPLTCR ] ER R —
SR A HUR FHEILIGE Rk (KYD—9830) .
- A R PR TR S PR S — PR B P L vk, 1
RERHHIIES
1.3.2  REEEE RS PRI E R AR M 4 — ik
FURREN b vk [mg/ (g « 24 b ], BERERE IS DI E M 3.5
— AR EK IR ik [me/ (g » 24 h) T, BRCPE W R 7
T PR S FHBE R 2K — 4l vk [mg/ (g » 24 b 27,
1.4 HiEAE

K I SPSS 18. 0 Ge 1173 At 414 X 40 k47 AH ¢
Mo B IR 2 5 22 43 BT (One-Way ANOVA) DL K
Z N, 15 Excel 2013 ¥4 &b B 1 Origin 9. 0
P AL A

2 iS50

2.1 AEEFEERITIEELEROZ N

AR S S - e BRALAE BT 0L 3R 1. AR B IR
3207 AL PR 3 ) oA B A ) s AT - S8 AL BT 1)
TR AN R A ALA I S e+ g o i Y
BEEPR AR A A (Y 25 5 2 (p<<0. 05) . {H & A i
HHR S EFEM K 0—10 em™>10—20 cm +)2, 0—10
em 2 1020 em F A LIRS B UPATHE B35 K T H
AR VDA THE S IMAME S 45 KT CK, 0—10 em +
2 UFTRERI A MLAR A 5. 18 g/kg, 3 5 T CK 2.55 g/



543

LA < ORI B8 RIER 1 37 A ) AR A 28 BT 39 00 4 T R B T P OF

91

ke, B T HAE 1.73 g/keg. A EHH 0—10 em HJZ T
WE PP THE IR R E R T H A A CKL B TRERY
FEOEEAE Y 2 A% W] TV TRER R A .
RS AR 0—10 em £ JERIN CKRASHVHTHE
= M = 2 e AN i HL A W R O
O e AR A A1 A T MR R A RIS R A R X

IR SR WSO A DG, IS 0—10 cm P4
LEFARIE 1020 em + CK 5Y4TIERIRE bR 2E 7
W . AR A A I R - R R AR A
AR AR SR 010 em 2K T 1020 em +
J2 A ENIAH R, 0 TR A . AT+ 2 =2 (1A AL
WA AR 25 SR B B E K

x1 AEAEHLTEEREAER
iK1 T EWE/cm AU/ (g - kg D A/ (g kgD B/ (mg « kg™ ) HHE/(gecem?)
] 010 2.63-+0. 31c 0.17-£0. 04b 2.38+0. 58a 1.29+0. 02a
ok 1020 1. 66-£0. 20a 0.15240. 04b 1.06-0. 14b 1.74-0. 03a
I 0—10 3.434+0.31b 0.124+0.01b 0.89+0. 14b 1.5540. 00a
o 10—20 1.91+0. 40a 0.07-0. 03¢ 1. 6420, 35ab 1.68240.0lab
- 0—10 5.18+0.01a 0. 26£0. 00a 0.97-0. 02ab 1.3340. 21a
10—20 2.39+0. 04a 0.11=£0. 00be 2.640. 68a 1.5140. 05b
0—10 3.38-£0. 22b 0.340. 06a 1.8340. 82ab 1. 3440, 00a
PhFTHE -+ 3 A
10—20 1.88+0. 53a 0.24-0. 05a 1.99+0. 08ab 1.48+0.08b

2.2 FEEHER TEBENZMN

R B (K 1A 2 — S Re i b - A ALk
A5 WA B9 7K S8 it 5 7K S8k F R 4 DI BT g A0 - o e
AN A i 38 SR DAL Il IR e 0 M v I B R
T IE AL R e S A A R . 0—10
em 2 5 TE HUBE R B 09 & i R 0. 326 mg/(g - 24
h) i 28 T U AT HE GRS AR, B3 T CK, HE 15 2
CK 1.8 4%, 10—20 em + 2 &M 2 WA &
Z5 . B CK A, HoA A B 0—10 cm 4 J2 B R i 34
KF 10—20 cm + 2.

- EERE B (1B AT LA i R B v
FOWEPE S A AL 0 % Ak R g I i B HLA 9 D G
., AR zEBEHN N 010 em 2 K F
10—20 em )2, 0—10 cm + )2, WATHE IR A AN
HEBEKRT CK, 1020 ecm 2V TR Em T
RIS CH RS CK, X 5 U0 T 0E A PRk 2 3% &
CK —%,

PR KM I 14 26 il 8 Bk oy ik g (181 10D, B 0
e Ak A g b PR SR E — A TGS L 02 K A 7 ) R
A AR Ak 5 FR AT D R g Y R R AR O =2 R
AR VIR FR . DRI R O 1 1 o IR Bk
FHR FRAE - A R B HE R 2 BE K/, 7E 0—10 em -
AR UPATHE IR AR A B B KT CKL10—20
em FRERRBEHKBERTEHRE. 5 CK 2R A0 %,
AR Z [ E 0—10 em + )2 KT 10—20 cm.,
IR T 355 1 R B0 B TR 3 MR TR AT IE > i > CK,
2.3 +EMESEAMROEESN

XoF - HERE TG P 4 4% Bk M R U A R BA O
rAT. B 2 AP, - IR B S M S A PLaK

e W AR OC DRI kS A R A
Ko BEMERE IS ML S A EACHEA L =SS
SRR A A B3

035 - A T
<=
T, 030 1; ITJ
- 025 a 2
&0 c a T
« 020 1 I /
2 %/ 2 /
goisy I
& 0.10 //
g 0.05 |
0
CK B WITH PITHEAmR
ik 8 i)
7 —
o~ B
S 6 |
=
. 5 F
'.'?0 4 |
b
g3 T
@ 2F ¢
= T b b
i 1F T T
0 77 Z
CK YU AT R+ A
0.3
~ C a
ﬁ T a a
Y oo2t T I
" a z
. b
% I E % b
g I % 7
= 0.1 b
g I
B
0
CK B WATHE  YITIEHR
ViR Y
0—10 cm 10—20 cm

T B RN B R R — L J2 8 TR R 2 28 o 22 5 5
B 1 FREEH KB L R AR e IR EE A 2



92 /S o T S T %23 %
*2 tEMBEESTEBAMRZ AMHELESHT
A LR o Kl T O At THE ity T R il
LB 1 —0.004 0.590" 0.732"" 0.119 0. 009 0.417*"
LR 1 —0.087 —0.025 0.003 0. 230 —0.067
KE 1 0.470 0.608" —0.126 0.706"
T 1 0.073 —0.051 0.032
O il 1 —0.015 0. 266
T ity 1 0.152
W 1R 1y 1
TE % A2 0.05 AKFECGRUID 1 BEARIE,  « . 48 0. 01 ACE GUID I & 24 %,
3 ik ML A 53 i & S 55 1k DL TEHL Y i i A ik 5 A
= B R I T LR W - o 2 g 1R it
3.1 AEE#HEERI T ERAL SR TR 55 A1) L AL G R A R, R A S R A R AT

P A B - A O O T LA AR R A
PO L SR A B I R A MLk
R e X HE L 3 - P B SR R
MR LR E S R RS, & LRSS
R BE A . M LR P AT YT
I TR S SR B s, HEROJE E S L CK
Heflf. XS EE S Y AT 4 AL, S I R s Al Ak
FH LG RS H A LT AF H SR S, X
A HE 5 YR ] b 1) g o 25 2 B R T ) R A i
A 5. e HLaR A 4 0 B e+ 396 o o (1 22
Febn e ] DLk B, A HLER F1 e A A R
RIN P ITHE > G 1 > AT IE + WA > CK, Hrp
T VD FTHE Hil A 22 R R B 3. Xt 7 A T H
Bl TR SR 1) U8 V5 0 RN AR 2 43 b ) o = 3 4R I AL
B Al A HER CON B SRR %R Z C N B S5 5] —
SEMRI . A& VD AT HE 09 A LA 3 K T 10 4T HE + i
PR ZE MR 33 U B T A B AHE — SRR EE B2 T +
A LR . T E AR DL CK fok L E 48 + )2 22 6] %
AR 3 ) B T R 2 B E TR 4G+
R e m R m RN H R bR CK b, 3
JEWRERTRZ -5 X REEB MR IEL R, +
B H R A LY R M — A EE A bR, — Bk
Ut A ML & AL, Bom B, A B RN,
XGAGFFEHELL, AT LIF H 1020 cm 2 VITIER
H/NF CK, Bra 745048 il A A Ky + 1%
ZKHEMN 1. 20~1.40 g/em’, ABFSE H 0—10 cm +
2 BREE AN R B T ER . A E T LR
HAE B 5 JZ VR B X R AR TR Ak T A R R
AN TR - 8 75 B R R e R [ 4 2 b (0 A8 Ak 52 Rl
PR A2 1) B2 ) 8 2 L AS [R) e K 2 OGS - A BIL B AN
AW BRI R IRE L.

3.2 AEHEWERNLEHEFNZE

+ R — A A AR B EE R L

Erhr sy Y L EY Y S5 SR

BRIt o A BT M 0 A T A R ) 4 S
- AR g A g e R R RO, T DA S A R R A AT
ANIORESE 7 E =2 T N il Nl e o R e =
2250 5 3%, HBR CK S PE A5 B 16 P48 2 bl £ 2
DRI AR . — PP B I6 M SR R B VD AT I > 45 >
YRFTHE AL > CK x5 B Ak i 2 0[] Aisf s ¢ B
TR B ATE — R R L R T B L — 2
VLA AR T 0 X 3k 2 . 1 30l 2 156 B 1 1k
Tl 2 1 A0 K figp B TG WL T 1) B8 L 7 - 3l R A 24 vh
RHE TR . WFIT 4, S R W0 R W TS M S A P
A M B X 5 Al 9 AR I T A AL DR T
Sy HLY T, HOK i B NH, #it CO, , o NH; J2
) 2 9% 0 TR R VAL O Al 3% 4 T A e - R
FG O AEBIF 5Y 25 B2 IR B A0 5 4 AU A OCHER
2 FORT RR Y e D R 5 Y B RN AR
MG HA L9 A SR NE IR R AERKS
W R R R E R L, LI P RZE MR,
PR R AR EFRAR AT E X h R
DIRE A A R A

4

R S 3 R v 38 R S st T A W 1
AT B AR AR L R 3 B BT R WA i 2 i A
LI AL TR B T Y R WA
Y55 4 J TR R 0F - 8 B AL A AN [ R A 5
e SRR 73 1 A S S 5 W RO A ) Y R S A
oy WEIR ERE . BEE 12 R R B, 2% 1
IR it A R g . AR A g A2 T X
X = AT LR I 42 S50 AY 5 ) 3 R PR A [R] £ R R
[ RIS RO e 27 R A RS TS FPSPS
o UDATRE A+l AN TR 52 PR Y 38 B 18 Joi 0 8l 7 6
PR AR T VD ATHE R Wb AR A A T DA Bl A 8 9
WA . R B Vb 3T EAE iz 3 2 B e
W AR RA —E R E



543

H LS5 < ORI B R R 35 A T A 28 BT 39 3R A e o A O A 93

erties of reclaimed marsh soil from Zhejiang Province

BEXER: PR China[J]. Geoderma. 2007.142(3) ;245-250.
(1] PhvitEE. 88 RIES IF R AL A BT 09 52w S L il 15 A o [14]  BESEBRECER, JRSL WL W H A VR 5 bR + 498 35 43, S 2
(¥ [T ] B PR 5T £ 47, 2000, 14(2) - 53-54. W R R I 9 BF 5 LD 0. I AR 2 A 4, 2003, 14 (1)
(2] EFT.okfA. BN X Z BoFse (1] K+ 157-159.
FRFERF T, 2013,20(1) : 294-300. (150 BRRIA S H 8.t b oo 5w ng sk fb 2/ [T 1. Mo ot 2k
(3] W¥E¥ . 2595 3. Ir il AR A5 0 207 Ml A% IR U5 F A B 0k 2 f£%:,2001,29(2) : 78-81.
RRGELT ] NS KRE =R A SRR AT 1995,26(2) (167 AREE, BBER T . 4 i b . SR DT I X0 A B - 38 45 A
202-208. Ko A B H A s )] e B2 BR, 2013, 41
(4] 308, XAk e, 3518 HE L 45 4 Sl 2 fE i BT S ot (03):125-128.
[J]. #m Al B2, 2007 (6) 1 34-36. [17] BREF. EAMTHBEAY RS LA T X RYHFR
[5] Jimenez M D L P, Horra A D L, Pruzzo L. et al. Soil [T, f& # M0l B4, 2000,27(4) 1 56-60.
quality: a new index based on microbiological and bio- (187 AW, XUBF I, akoHE L 55 AS RV A 4 o+ BRI s 1 o 57
chemical parameters[J]. Biology and Fertility of Soils, BRAEAFSELT ). K AR A58 ,2010,17(1) . 77-81.
2002,35(4) :302-306. C19] SRXAR 2 5, ANI iRy » 4. T g B 1L A JA 300 AN [ A
[6] Yao X, Min H, Lii Z, et al. Influence of acetamiprid on ek R SRR PELT ). K B AR AR R, 2011, 25
soil enzymatic activities and respiration[ ] ]. European (5):112-116.
Journal of Soil Biology, 2006,42(2):120-126. [20]  WEER, & DR J R A B, 45 A OS5 A AN TR) N oA
(7] BRELER. R385, DA B S IR 3T AR R 3T J1 K7 1 AL AT ) p AR A [T ] YD L, 2006, 26 (6)
()], SeRIA ol K224, 1992,13(4) 1 162-169. 915-919.
[81 #tH. LHeAefbsrdr[MI. JbxT &l Hi i . 2000, [21] Badiane N N Y, Chotte J L, Pate E, et al. Use of soil
(9]  KCMABA. 39 A A oE O LM, Jb 5 Al ikt . 1986. enzyme activities to monitor soil quality in natural and
[10] DU, BEFITH, M4, 2. 8 4 5B X /N 0 U K 5 improved fallows in semi-arid tropical regions[ J]. Ap-
1 - e SR 2 BN FE ). K b PR R 4R L 2005, 19 (1) plied Soil Ecology, 2001,18(3):229-238.
93-96. [22] a9, 2248 30, X1 BE A, il 29 AR 7= vk 08 20 R X+ 0 5%
(111 Eh KL, oA A T AR 55 AR S Y 0] B L e B X3 oy K S S B 52w [T 1. rh R ARk BB i,
A HLAR R e ma L) ], A AR B 27 4l 2007, 22 2011,31(3) :76-80.
(1) :97-105. (23] #HEALE S0 F5. MG B A i Rk SR L) ). AE3S
[12] Bradshaw A. Restoration of mined lands-using natural B 42,2012,21(9) :1640-1646.
processes[ J]. Ecological Engineering, 1997,8(4) ;:255- (24 ThfhE, k8 F M. BRET XELGARER
269. T RO LT oK & AR AF 5T, 2015, 22
[13] Tost S, Landgraf D, Makeschin F. Chemical soil prop- (1):93-96.
IO OOVOVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVNVAVAVAVAV]
(k3% 88 W) (110 BR¥e R ELLWE. o [ /)Nl A8 U o A=A 78 A 1 0
(5] BUIRZE ) 5 W 0] S . 5 AT 4 2 A28 U0 o 4040 742 1% Al SyHTLT]. BEIRAEAE,2004,26(6) :62-67.
LB AL e [T ], s R AE 4, 2006,61(5) :519-526. (121 fffEAe, T30, e NI 0E 50 a S oK B AR I 1Y
(6] Xbax,BfRes, K%, 5. 0L 50 a BPGIL RN R R AR AT, R BE 4], 2011,10(4) :54-58.
X R T (e o7 (). 7K R AR R 5Y L 2012, 19(1) 1 19-22. (13 Eh-F-2R . JBULEAE 00 & 43, 5. e )1 O 804 i 72 Ak
(7] mimg, @7, 3 B K. 1960—2004 4F & VT 42 i & 4% 2 e N UV R ) A I G R ES O N I
A B FxF S g 78 A g e i [T 1. vk 1 +,2011,33(2) 2011(5):6-10.
405-415. (147 34 A K. o)1 V7 S84 48 O A 2 1 b IX 25 3
(8] XUMAFR AR ¥, AR L . A0 3 100 30 ok A8 0L 4 0 A 4 )] AR KA, 2011,42(10) . 73-76.
T B %ok A=A 7 Ak g e i [T 1. 52 b X Rl BF 5, 2013, [15] T 3¢5, T VLK %8 U6 X6 <46 722 Ak 9 SRR P RT3 g P
31(1):193-198. SHrLI]. AR KT, 2011,42(9) 1 15-18.
(9] sk—3h, A= 5bk, RE4E W], S5, JF 300 I A2 O 3 <0 A 78 [16] SCZIB kMG £ LS5 =5t RN EifR Ty
A i o 3 A 5 LT . B IR 2, 2004, 26 (6) 1 69-76. §A% LLWFIELT ] K R R K724 . 2008, 17(4) 1 139-141.
[10] ZEsit, EJIE.ZH 5. 08 50 a kB I (AR XS (171 Z=@ W) R i . 25 A 40T I 3048 UL 19 B 25 40

AR Ak i m 2 [T ], K AR R R . 2012,32(2) . 7-16.

AL A AL ], M3 2% 4, 2008,63(1) :41-49.



