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Effects of Coal Gangue on Revegetation and Microbial
Properties of an Alkali-saline Soil
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Abstract: To investigate the effects of coal gangue on revegetation and microbial properties of an alkali-saline
soil, coal gangues with different application rates (0, 10%, 20% ., 30% ., 40% ., 50%) and different particle
sizes (small-size of <<1 mm., medium-size of 1~5 mm, large-size of =5 mm, mixed-size ) were applied to an
alkali-saline soil. Then the alfalfa pot experiment was conducted to determine the height and biomass of
alfalfa and soil microbial biomass and enzymes activities. The results showed that soil microbial biomass C
and N, activities of urease, catalase and dehydrogenase, as well as plant height and biomass of alfalfa all
increased first and then decreased with the increase of coal gangue application rates. As for the mixed-size,
small-size, medium-size, and large-size coal gangue treatments, the above soil properties reached their peaks
when the application rates were 20%, 20%, 30%, and 40%, respectively. Among them, coal gangue
application rate of 20% with mixed partical size gave the best improvement effect on revegetation of alkali-
saline soil. The plant height and fresh weight of alfalfa significantly were increased by 34. 86 % and 45. 28%,
respectively. Therefore, the application of coal gangue could improve the ecological quality of saline-alkali
soil. The coal gangue with mixed particle size and 20% application rate could be used as an effective
amendment for the revegetation of alkali-saline soil.

Keywords: coal gangue; alkali-saline soil; revegetation; soil microbial biomass; soil enzyme activity

BEAF O 2 — PR BOE G BR rh SEEAE JEARR  NE B HR B T L 2 6 AR AR R g
AT AEME R TT SR AN T3 A A B R SR R Y X PR A A B RN A B B 3 R
L HOP R TR R 110, HATE MOy 3 IE - 3 A DR AT 43 B IR A 80 B3 AT ol v i 2
HERC R R B Tl R R 72 K T KR R, L e R T R A i —

Y %5 B #9.2018-05-28

HETE : FHE A RRAEESGHH (51574145) 510 T4 8 & BEARRIF 5 H (LJ2017QL0O15)

E—1EHF FLIEQ981—), B BT IE AL B M s LR B R WYY . E-mail: kongtao2005@126. com
BIEMEE RKA962—) , & L TR Z L EENET IAEMI . E-mail: Ibwgx@163. com



322 KPR R

% 32 %

Fofr s 2 4 Ml AR Ak rh i B ROME RS, BTl SR )R B,
IR RK A, B AR K. IR, 2 EkA
9.5 42 hm® ByER G- . 78 B 5L A b 17 T AR OK 24
J& 3 600 J7 hm™", MG ABERPREE
LR M AE £R 08 kb X, T R 68 - B NE IR, F 5
M &b L FE W B IR X . S Bk Al TR e . i TR
A B 0 P B S A 98 v it 3 o 8 BT A AT LA
ot b A I AL B S M R [ T AT
AP E AT RS W DR R R
FROr . PRI T BAT B0 R B S e B

TIEAEY R R IEA LR - g5 A S
TEIR 1 3l 7t A 38 P ) 5 R03R 43 1 it 4 S
AR IR RS R RSN EES S E L E
TIEABRG PRGN 22— MY
et I PR A A AR W 4R b L - g 3 Ak T T R A
JE et AR A AR AR AR e Y i R S
PE B W) T — PRSI % — 1 AR ME Bk — > i
PP SR H BORAS . LFoE N BUKE JLFD - 2l 15
PR AR R T — 2 5 iR Aok R ik LI E
TSRS P LG HEAE T A 48 A (BIF) il
YRR B (EAND Y™ W 5 ¥R AE 6 3R R £ B IE )
MK AR AN RS P X 2 M s AR e 4
B TR MR B AR SRR AR
FH 7 55 5 b 1) 2 Ak o 00 S AT £ X6 SR AL AT ) A ) o
FER R A I A W | A S T PR Y 52 o [ BT R
b - $8 4 25 5 X A % e ORI L A BT A 1 T
S ) FH 08 b 2 Ak T4 25 5 St
1 BetS05i%
1.1 KR

T i FH A ARE A A JBC ) A 7 4 B T T M B R
AIERT A L, R 2T, A e K PR
AR, TR ANAL A 2. 2w
SR 144, 11,1, 26,0. 69,22. 92 g/ kg, i il A A 250 . 8
RS R 12, 80,63, 52,193, 80 mg/kg, pH 6. 20,
FEUG pH R % VBT VBRI OR B 54300 R 61, 08,28, 52,
78.23,3.05,0. 08 mg/kg, £ A5 5 5 A5 ifE ) (GB
15618—1995) By — AR il 7 1 37. 76 mg/ kg FF &
ThRE R R B 3 R 0. 35,43, 71 mg/ kg AF A
PBRUE , =GR B A] P by o 70 & A6 1T 3 PRI 122 0
A Een DA F & s, St ipiaTr
A EER TR B I B 020 em 2, TR £
FEE 0 2 ot L AR 0 B 38 1] 1 45 4328 (Soil Survey
Staff, 1998)J& T1T214A i + (Halaquepts) . %3 Bl 1 35
B R A M2 pH 9. 21, L 5 1. 67 dS/m, FHES
TS 38.56 cmol/ kg, TS 1. 67 g/cm’ s B AR 4
BB (2~0. 05 mm) (24, 75% , H3kE (0. 05~0. 002

mm) (5 37.17%, & ki (<20. 002 mm) 1 38. 08 % ; & 43
S0 % B T S Wi o - W o N o B |
b 8.45,0.37,0.44,13. 06 g/kg. 0l fift 5 . A W Lk
BB S B 34. 62,37, 68,207, 39 mg/kg, fEHE
A7 4 Bl 5 2 10 K R B AR KT R i e i
2 mm §ifif, LERAT WAAR 14
1.2 A&t

B AR A8 R I 25 R T A A R R e R 4
R ER T 2 Ak AAOR 12 e, B E T 24 AR
R AORLAR SRR 3 i, 2300 S /R <<1 mm, HORLAR
1~5 mm, KR >5 mm, A% 2T 3 fokifR &
TR A SR o AT A o R R 5 Y L 1) 43 )
H 0(CK),10%,20%,30% ,40%,50% . 441 4b Hf
WE3ANERE, BEEERTZHEERAEY . R
R A B, AE 2508 I 1 o T T 5 BEAE 29 1 0%
AR RN — R RS AE K2 AR SR AR L
HAE R, PR 2 — R A AR ) e AL W Bl . PRt AR
WAL BRI . B4 48 10 em,
JEAR 7 em, B RES 8 em BN [RDRLAR FIAS [F] 2 1 BER T
A S IR SRR A AT 250 g R R IRKE
B 50 BLEAL E TR . SFEAHERKE 2 om 5
IF L AR RN 2 20 Bk ZRage A 2017 4£ 5 1 20 HIF
I 285 90 RIEESR, T 2017 4 8 J 20 H Wk, I e 55
FEE R AR W TR ISR AR A J O Ve R T
- SR W A R ST
1.3 WEFHE

T E YRR AR B AR R RN E . B
PR fitf (Phosphatase, PH) i 4 R I X fiff F& 78 w8 /g 6
BN E 5 B A B (Dehydrogenase activity, DH) %
FHAR AL = 2R 35 0 0 B £ 350 0 A2 5 E A il ( Amyl-
ase activity, AND{E ¥R FI i 5K 1 B2 L gk
W52 5 Wk (Urease activity, UR) 3 MR U S8R &
Fb 3 A 5 i 4R Ak AU (Catalase activity, CA)
TGRSR 28 ik I A2 5 2K B (Protease activity,
PRO I 14 2R FH Bl = b 3 s

+ AR S A W48 8 (Biological index of fertility,
BIF)=(1.5XDH-+£,X100XCA)/2
2k Ry LB R 8, — I 0. 018

fif 7% VE 8 %0 (Enzyme activity number, EAN) =
0.2X (0. 15X DH+CA+1.25X10 ° X PH+4 X
1072 XPR+6X10" " X AM)*
1.4 HESW

AT 00 A 4 7 A LT (105 °C) B i Y LA
BT . A B S S T SPSS 17, 0 B
HEAT T3 22 53 M 35 P 22 S5 LU A SR Excel 2007 4K
AT 2



6 39

AL A T A7 0T 5 B 3 £ 10 A e S B ) ) B T 323

2 iR 5a00r
2.1 B ANERTERNRELEEKRSNEYE
A

1 AT AR AR AR AT A A BE R AR A B 7
R 1 R A i 2 it 2 A P R o B B S 8 i U
AN, TRARLAR N/ INRLAR B LR A7 7E 20 %0 Y A
AR T R e R AR R A B R K TR A R AR AL B Y
5 AR Wi VT B 25 34. 86 Y0l 45. 28 %4 o /INKEAR 43

18
g 12 m
2
i
¥ 6 I
—o— MR —— HREAE
—— KA —— BERNE
0 1 1 1 1 1 ]
CK 10 20 30 40 50
BHAREE/ %

BT 27. 5201 37. 56 Vo s ORI AR BEAT A 7E 300 & T
SR B AR LT BB 5 26. 61 % 1 31. 98 % 5 Fokr AR M4t
A7 A0 Y0 FH T 38 B RfE L He o B4 /&7 16. 5126 11
26.65%0, 25R0AR A A bk v R e EE fe R 2 IR HEAT LG
B LRPUNIR A R AR > /NI AR > okl A > Koki e, 1
20 %0 T TR AR AR /N A% A B 1 R 1 0 A )
Fr TR AR MR AR A B, A AT A R L 4k
BZEIMEE AR 2ZER AR E,

90
EGO r m
e
P
ﬁ” —— R —— FRB

o KM —— BARE
0 1 1 1 1 1 J
CK 10 20 30 40 50
B ARHE/ %

Bl EFANERtEEZREERENENENRIE

2.2 BAaXEEtEMEDEBRTNZIE

NI 2 ] LAFE HY A TR AR BT A 3 )+ 470
A W b R A Y B A T G R G 3 2 B S kg
K5 BEA A it 35 TR G R 42 RN b £ o B A 7
20 %0 My T HERU: W AU i R R
BB ) X A o 2 B 58, 82 %0 45. 59 %4, + 3R
W A T R R 68, 02201 52. 91 % 5 Hhoki AR BT
ATE 30 B ik W R B v s 40 ) EE

250 ¢

2

w0 200

&

g 150

i

K100 |

H —o— /PR —— R

§ 50 —o— KHRR —— BEHR

"‘-1 0 1 1 1 1 1 J
CK 10 20 30 40 50

BRITEHE/ %

HE D 25 45 B 43, 3890 Fl 49, 42% 5 Kk AR AT A 7E
40 Y0 By AR A 9 B A iR AR v L A0 ) EE R T
TR 38. 240 44, 7T Y0 . BRI AR AL T Y £ 3R
Wy Bk R e R =22 8] R AT O . BN TR A R AR >/
FiAe > ok > Kb e . R R BAT A R, 20 %0
BN AR AT A A A LU E Y B R A A S
R R AR B KT Hobi 2 f kAR, 5/ ki1
BEHBEES,

40 ¢

oy

§°30 B

g

ﬁzo -

S

glo i —o— MR —— hRA

® —o— KK —— BARE

"‘-1 0 L L L L L ]
CK 10 20 30 40 50

BT EHE/ %

2 BREFEHtwEtEMEMERTN I

2.3 EAFA 3 ERE L B E AR

ML 3 AT LU S8 E b 6 L 2R 1 e R TR il
TGPk A — oy ta F, BE & BERT A F A 3 m
MRS 7F S0% MM A & N IR A /N
KA FlORL AR SRR A b B T R 43 ) H ok BE R
70.92%,92. 62%,46. 76 %6 £ 31. 10%% ., 7K 11 il 5 5 42 =5
475. 86 %,508. 05%,408. 05% FI 312. 64 % , i & fil§ 73 1]
PLE 57.84%,63.73% ,51. 96 Yo Fl 31. 37 %, TE[Rl—HEAT
AT 3 Bl PR /N 2 B /R AR > TR A R
>k > KRR B R, L BE B BT A & i 3
s ASTRDRL AR (6] 3 il 3% P 1) 25 SRR 2 g

- S IR 8 3 4 Ak S RO S T A R A

— B, Bl A BT A R R, 3 Fh RS RS S S
REAR . TR A R AR AN R AR AT A 4b B A 3 ol g 305 %
FE 20 Vo SRR A o R A BN, AE ML i R TR A kL
TR A Ak P A DR T L o A S A S I
LRt IR B R B 112, 07%,37. 91 %0 295. 65 % ./
FIARIENT £ b 3153 59 5 35 $5 v 84. 4804, 33. 01 %0 I
269.57% . ok AR AR AT A7 AL BRI A 3 F
it % 1 43 B AE 3026 A1 40 96 H R Ik B WL 30 %0 H
N ORI AL BRI 3 TG P 43 ) L 6T B R
77.59% ,31.05% 1 247. 83 % .40 % & K KORL4R Ab
PR B 63, 79%,26. 80 % Fl 221. 74% , A [RIKL
FEBEAT A BRI 3 P R PR A I 2 BT — B



324

PSR R

%32 &

[N e TR VAN R Bl b VA 2By N YA O N 1
P 30 Yo AT A T AN DR AR SRR A Ab B Y 3
Tl i 05 1 22 S d oK, ROER IR IR & R AR /N KL A2 Ak
LNTE N R RE R AV I N TR OF L

- EA LR WA 7 45 B BIF Bl AT 4 FH & i 1
TAE 3 IR BEAG . TR AR AR RN AR AT A A R Y
BIF 78 20 Y0 M AT 43 FH & F 3k 31 0 {5 . 43 31 b X 18
FARE T 174,50 % M1 158. 37 % . Rk AR BEAT A 4b B
() BIF 7€ 30 %0 & 1k S0 W . bt B 25 4 v 1
145.93% . kiR AT A AL BRI% BIF 78 40 % & T
IRBWEAE , Hox BB F 4R m T 1300 11% ., 5 £
WAL 7148 %% BIF 1) 28 Ak BLEE A [R] , B 0% 14 15 4 EAN

B 5 AT A P 2 A 58 o e s T S 3 A R R R
IS A%, IRE R/ NRL AR MR A A EAN
FE 20 Y0 BEAT A & R K ) 0 (R, 43 00 B G BRI R
P T73.59% M1 69. 28% . Bl 5 AT £ FH B Y 4k &2
BERCEAN WEA FEAG . HORLAR A RORL A28 A A Ak 3
(1) BIF F1 EAN J3 5] 76 3090 Fl 4020 J] & F 3k 5] %
{8 M 5 AR RRE . AN RPRLAR BEAT A 4 B2 BIF
A EAN fyUEfE 23 1T — BT R A kLR = /N
B>k > Kok . AN &, 78 30 %0 AT A
FH T AR AR I £ 4b BE Y BIF f1 EAN 22 5 f
K RICIR G RAR /N R AR b P & 25 5 F bk 42 Al
P TR Y DB LN

60 r

'S
=
T

BB/ (ngeg'+2h")
[\*]
<

—0— PR

—— R

100
o
A
TDD
L 50 |
3.
I
& —o— PR —— R
ﬁ —— KPR — BERR
0 1 1 1 1 1
CK 10 20 30 40 50
BEAEHE/ %
1.5
o
(o]
1.0
vy
%0
S
2T —— MR —— HRE
B —— KhRif2 —— BERE
0 1 1 1 1 1
CK 10 20 30 40 50
BEAHE/ %
o370
g
R ——
'TDD 3 |
o)
X2
< —— PRR —— HRR
g | —— KRR —— BAME
]
ﬁ 0 1 1 1 1 1
g CK 10 20 30 40 50
’ BHERE/ %
10
8 -
s T
m
4
2r —— KRR —— RARE
0 1 1 1 1 1
CK 10 20 30 40 50
BHAHEE/ %

0 1 _Io_ ﬁ*l-‘i/?é I_o_ ?‘/E;éﬁﬁl
CK 10 20 30 40 50
BEAHE/ %
200
o
« 150 F
TDD
@100 |
g
g ol —o— MR —— PR
g —o— KHif2 —— BERNE
0 1 1 1 1 1 ]
CK 10 20 30 40 50
BEAEHE/ %
12 r
=5 |
‘TbO
26 r
N
&
® 3 r —o— PRIR —— hRIR
= —— KRB —— BEARR
0 1 1 1 1 1 J
CK 10 20 30 40 50
B EHE/ %
1.6
1.2
< 0.8
04 —— PRI —— RiR
—o— KHif2 —— BAERR
0 1 1 1 1 1 J
CK 10 20 30 40 50
B AHE/ %

B3 EETAX ST EEE R 2



6 39

AL A AT 0 R 6

SR AL L R B R 325

3 W
3.1 TEMEYE

TIEMEY R HIEERYRIEARNHEEZS S5,
T G W B B R YA TR o B A . A
FEH AT AR AR K L - S AR ) B ik AU B 0 R
i S AT A R R AR T AT R A
K P T BR8N, AT AR G A WA 2 RN R T Y 3% 43 i
b PRI 3k B DB I g S IR A i 2 . B
SREBF A B AR S22 0, 3R AR W e e RS B B
JE IR R L AR I R TP A R 2,
MENESESFAFY L N #m 6 7+ 50K
AR IGTE T DR Y R AR R
&5 FF AR RS, R TR A5 R0 A i AT Ay 3k 3] 0 (B
B A R A FH R /DN R A2 A 3R ] AEL DG (B R T /N A
PR A A3, e P TE T A W e A 2 B K
A3 FGE SR AT AR AR N A RS S
B/ oK B i it 22 38 AN 2 R A R AR T A R AR
WE T HIERA Y 5T R R4 R G IE K 4 i
FE M DT TR B R A B A A A B Y - R A W i
A S T/
3.2 TEEEEEM

ABIESE A Ry il | A I R T i O A X B
MR A T B I R 2 4 . E R g T AR - s
1) T A3 3 ik A TR R PORE AR AT I AR L G
TG PE AT B e A A AL ) R B AR AE L. B
i 2 T A HLEUK i o s B IR o B b B BRI L RE 8
Paw S Wi i NI = () e o I T 7N U G
Gyt WERR G £ R Iz A Y — R OK R BB
% 44 b B8 1% I 1% 7K i S g L AE LA R A i A
BN L 1 v I T 5 e - A LB 1 o A e AL
AN R AT A R, R e
B8R 5 BEA, T g R U5 T T R RAE W, R A g il
HE Y B A S B S AR, SR - I UE R T
PGB RS I R RS L ERUE Y =
Sl B R R — Bony e SR R AE T b S RO
B2l R T - A A i S A IS A A At
HERWAMRKAIE R, BEE B A 38, 36+
BRI BRI E B AR SR L A
BLJT A E0RLEBE 2 0 A A T by it 2 11 T R 96 R it
I, 375 5 1 FH N G 0% 1 1) 4 2 48 5 TR AN O 0
v P AT A Ak 3T il S e D S B RO
MBERT AR B oA, VAR T & el — B A iR
TN INKLAR >R G R > PR AR > Kok fe . JRIA
TE TRLAR /DN bE 3R T AR K, 1 1 e 6% 4% 16 ) T
4 IV 0 B 22 DAL T T

- SR it o A A S R S O T B o AT A

FHE BN Se s K5 0 . R = + g i R
TR o SAE 0 5% R 43 At T 0 AN - 9 i A 400 ) 43 b S
F BRIV, WREGRE A2 HE IR 200 40 v] DARAE HHEA
FACNCRBL Y . T S Ak U BE 5K i A UK
it Sy K RIVAEU ik 3 3 4R Ab S0 AR A 1 5 AR L
R FRAE - HE i B A AR 1S L 7F - e RN fiE B R
A, - AU AR AR A LY A
& AR v )% 3 AR A T AT DL SRAE - 3 A P Y T
PET B T AR A B, b A B
B SEHE 0 5 00 1 i B nT R Rt IR
fR 32 R IR BRI - SRR S B T 5 - ek e —
FOR A . A A U R SR T T R 8 R R
T A T L 3R I BE B R AT AR ARG R
B 4 9 A8 W3 e RS i S R SR it
BT B,

A S Bl A R A R S, R A )
JIE 3 46 % BIF 56 $2 & ) B A, i+ 398 i 0% 1 45 4K
EAN Je 5 5 JE A O 457 82 8 s ms A P A%, Stefanic
RS T BIF fE— R 5 R R 0. 9~17. 2,
Beck"W il T EAN ZEHFFP + RO ME 2 1~4, AT LA
FHHLARWFSE b BIF {H M EAN {H ¥ 60 F 2 {2
HUE BT E N, 2 NSRRI —
(18 2 AN [ R A IR 7 24 78 AH L A A A i T 3k 3
W (R, ¢ W TR & B A2 R/ INKE AR AT 7 Ak T4 g%y 6 i - 43
IR I 7E 20 %0 & T e, hoRLARTE 300 FH & T
T s RAARTE 4070 & F o .

4 HHEy

() A [ RE AR MERT A A B0 6% - S8 13l A= 2 kL
- B R 3 AR S S P L DA R A A
R R AR W 2 I O D 1 G o S e KR
FEAR I Fa 3 TR B RS L /NRLAR | ThoRLAR | KORL AR ST
AR BRI R+ AR A8 BR 4R B AE 20%6.20%.30% ,
40 % R Tk B AR . A A k7 AR AT A Ak B A I 3
B AR I A L TF /N Sy < TR B R AR = /N R AR > rpoks
> Kbz .

(2)20 % FH B A IR A L AR BT A7 78 £ 6 1 398 1) &%
75 T L FH R0 e b v DAV kg £R 0+ 1 4 Ak 1 412
R o A 5T 45 50 BT A 00 B2 Ak R DA B R A+
B LA B AL T AT AT 4 R R AR A Sk BT
IF&] 19 I FH 7T 5%

AT AR R B8 F IR 90 K i [ 5 4 L A5 ok
AR 7E A SRR ST B £ 6 T 5 7R Al
A YRR ) AE R R R AR A )N L A B T
FENT AR /D A58 B AL AR 6 BT, X B — R AR T 35 7 —
SE S PRI S R R /0N o FH A R /D, R 4 g A i 2 B
o bn 8 o T, MR B SK L A A g kS e —



326

PSR R

% 32 %

IR 300 P A R R Ak A AR A L A R Ak AR RCR AT
RE2 B4 s MR B R T &« th THR & Wb & kAR Al
e F N N ) D o IO /UK E S R PACE R IS
R A X 2 Bk 38 A A I 0 i AR P AT S —
BT FIIESE

Bk

(1]

(2]

(3]

(4]

(5]

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

B BB, 1 B PR AF. AT A AE LR OB i R
W BERELT ). nkEmR Eh W ik . 2013,32(9) :1811-1816.
Tl X SR AT A M SR - SR
15 Y B 5L ()], MEH 244 .2006,31(6) :808-812.
Sumner M E, Naidu R. Sodic soils: Distribution, prop-
erties, management and environmental consequences
[M]. New York: Oxford University Press,1998:22-24.
s, hE B LR RIS R[],
#2,2008.,45(5) :12-16.
RETEG1 RS W S5 BT A S Y PR A AR
B SE b N B9 AT AT A LT T 5 M DX O B 5
2014,32(3):209-213.
KM Vr EIT =, 55 BB XU AT A7 KAL) 4 i 5
RIS T RO KA 2R CA AR B RO 5 2009,
30(3):107-111.
P2 S U DN SN Y S - R T S A
BT BR8E TR 2241, 2015, 9(2) £ 946-950.
faf ¥R Sz SRR Wy A e AR 5 2010 TS R B 05 B e AT AR
Ty ST +3,1997,29(2) : 61-69.
Zornoza R, Guerrero C, Mataix-Solera J, et al. Assess-
ing air-drying and rewetting pre-treatment effect on
some soil enzyme activities under Mediterranean condi-
tions[ J|. Soil Biology and Biochemistry, 2006, 38(8):
2125-2134.
Doran ] W, Jones A J. Methods for assessing soil quality
[J7. Scientia Horticulturae,1996(4) :355-356.
Beck T. Methods and application of soil microbiologi-
cal analysis at the Landensanstalt fur Bodenkultur and
Pflanzenbau( LBB) for the determination of some as-
pects of soil fertility[C]// Nemes M P, Kiss S, Pa-
pacostea P, et al. Proceedings of the fifith Symposium
on Soil Biology. Bucharest: Rumanian National Society
of Soil Science, 1984 :13-20.
Stefanic G, Eliade G, Chirnogeanu 1. Researches con-
cerning a biological index of fertility[C]//Nemes M P,
Kiss S, Papacostea P, et al. Proceedings of the fifith
symposium on soil biology. Bucharest: Rumanian Na-
tional Society of Soil Science,1984:35-45.
Kang G S, Beri V, Sidhu B S, et al. A new index to
assess soil quality and sustainability of wheat-based

cropping systems [ J]. Biology and Fertility of Soils,

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

2005,41(4) :389-398.

Saviozzi A, Cardelli R, Puccio R D. Impact of salinity
on soil biological activities; A laboratory experiment
[J]. Communications in Soil Science and Plant Analy-
sis,2011,42(6) :358-367.

Liao Y P, Min X B, Yang Z H, et al. Physicochemical
and biological quality of soil in hexavalent chromium-
contaminated soils as affected by chemical and microbi-
al remediation[ J |. Environmental Science and Pollution
Research,2014,21(1) :379-388.

PR L HES YL AR, L & Pb xF Cd 4b#EF & /&
AR B - 18 Ak 3 i 8 0 1 BIF & C/N B2 ma L],
FH 5 #8554 W24, 2012, 18(6) :917-923.

Vance E D, Brookes P C, Jenkinson D S, An extraction
method for measuring soil microbial biomass C[J]. Soil Biol-
ogy and Biochemistry,1987,19(6) :703-707.

Narasimha G, Sridevi A, Reddy A V'S, et al. Effect
of cotton ginning mill industrial effluents on soil dehy-
drogenase, phosphatase, amylase and invertase enzyme
activities[ J ]. International Journal of Agricultural and
Food Science,2012,2(1) :1-6.

Emami S, Pourbabaee A A, Alikhani H A. Effect of
paraffin on the urease activity of soil [ J]. Technical
Journal of Engineering and Applied Sciences, 2013, 3
(15):1526-1529.

Kizilkaya R, Akca I, Askin T. Effect of soil contami-
nation with azadirachtin on dehydrogenase and catalase
activity of soil[J]. Eurasian Journal of Soil Science,
2012,24(2):98-103.

Shahriari F, Higashi T, Tamura K. Effects of clay ad-
dition on soil protease activities in andosols in the pres-
ence of cadmium/[]J]. 2010,56(4) :560-569.

SRR X LM L FTT 45, 2 TR XS [R) b i T B A
- e AR AL ] MR B2, 2010, (46)12:23-29.

TR K] TR AR LS. T AR R DY B S W Y AT
Fek R[], L HEsE 41 . 2008, (6) : 1468-1474.
B ROB SR B R . A S B R R KL
WEFE AR LT 1. AR A2 2075, 2000 (4) £ 53-56.

BoTE),. £, LEMT RS S RELN] WS
IEE A 4 ,2002,8(5) :564-570.

Trasar-Cepeda C, Gil-Sotres F, Leiros M C. Thermo-
dynamic parameters of enzymes in grassland soils from
Galicia, NW Spain[]J]. Soil Biology and Biochemistry,
2007,39(1) :311-319.

Chu H, Lin X, Fu] T, et al. Soil microbial biomass,
dehydrogenase activity, bacterial community structure
in response to long-term fertilizer management[ ] ]. Soil

Biology and Biochemistry,2007,39(11):2971-2976.



