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Enzyme activities in Paeonia ostii rhizosphere and non-rhizosphere soil of Tongling copper mining. LIU
Dengyi', SHEN Zhangjun’, YAN Mi', WANG Youbao', LI Jing' (' Biodiversity Research Center, Anhui Normal
University, Wuhu 241000, China; *Continuiny Education Center, Auhui Institute of Education, Hefei 230000,
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The study on the calatase, polyphenol-oxidase, invertase, urease and phosphatase activities in Paeonia ostii rhizo-
sphere and non-rhizosphere soil of Tongling copper mining showed that all test enzyme activities were higher in
rhizosphere than in non-rhizosphere soil. Soil calatase, urease and phosphatase were sensitive to heavy metals pol-
lution, and théir activities could be used as the indicators of heavy metals’ joint pollution. The effects of rhizo-
sphere environment on the soil enzyme activities were in the sequence of phosphatase > urease > calatase > invert-

ase > polyphenol-oxidase, and the affecting rate was 131.562% , 92.492% , 87.557% ,

59.673% and

34.076% , respectively. The test enzyme activities were negatively correlated with soil heavy metals pollution,
and the correlation coefficients were all higher than - 0. 898, suggesting the inhibitory effects of heavy metals’
joint pollution on soil enzyme activities. P. ostii could effectively improve soil environment, and thus, enhance

the activities of soil enzymes.

Key words Soil enzyme activity, Copper mining, Paeonia ostii, Rhizosphere, Non-rhizosphere.
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4k 30°56'42"N,117°43"28"E , S4B, HE W, 88
16.2 C,2EFHEE R 15% ~80% , L4 KAES LR
114.8 k] - em ™, BFEHIAN 230 d, R EL M A=
X. K KB RB Y s R E B B, 5 A R4 20
£ EFSL ' ZREZERW, BERVELESER L
IR AENR BV DTR, RERA BLREEEXN
30 em EH,BEEPT IR 60% ~70% ,JERWEL, +E
L. Y LIHH R X R EL MR AR,
2.2 BURERBERALIE

THETF 2004 45 11 YIEE Y Ly Y LR B ORUBLL
ER VI RBUL Y B R s L3 FET B K HE 6 4R
HM. SR ETE R 6 MR A TR T, B
HERRIHR, XREE I ERR DR, REHR EREY
<lem R EALHKE HERLREN,FETHRE
M8, B OUARER 3 FESREL 0 ~25 em £ 2+, 1B S
B, B3R bR LA G B L EESHET 1 mm
B BTERED,E0C ~4 CRESR: B—BIRTFRE
B8, 2t 120 BiF, AT E T AL R,
2.3 WMEHE
231 EEBRARANNE BLEARSAO 1 mol -
LY HC#EBR(L: W =1:5); 1 HELEMNERRARX
H,S0, + HCIO, {E&HLIRE. BB A BEAXE-FETFRK
SYYEFEEE T (WFX-IF2) i €.
2.3.2 THESNEHNIE SRXRHE ABEAANY
S SRR A KMnO, BB, UL 1 g T3
3% 20 min {H#EM 0.1 mol - L' KMnO, ml (%R ; BEYE
1L EE P Koslov B:MIE, LA 1 g + 30 CF 52 min 7, i
SEHFER 0.1 mol - L' 1, i ml BERR; IREG ML E
BE, 24 h g 1 g £33 NH, "-N ) mg $UR7R; EVERE
FAMEERME, 1 g £37 CTFHF24 h 5, FriH#ER 0. 1
mol - L™' Na,S,0, ) ml ¥3/R s BERRES : A b (352 , LA 1
g 137 CFIEF2 h )5, FrilsE B e mg B (FTEH 100 g
+# P,0, 1 mg )RR
2.3.3 tEAEAERNNE TEEREAHTRERA
BT 2. 39 pH {H ) PHS-3C BRI 2
(£:9=1:5). £ FHR A DDS-307 B FR{AE.
2.4 BEREABREROTE

HEERESBLER(CPD) K EF R ITF.

RPE = [ Y (C/C)" VN (1)
DDMB = [ % (c./C,)"" /N (2)
DDSB = [ % (C,/C)""VZ (3)

CPI = X x (1 + RPE) + (Y x DDMB/Z x DDSB) (4)
K, FRTERRN =3,C. XATR INEIRE(R2),
C, RARTCR | R, TR A NS =2,C, RAFTE
{ERE BOFMI TR Z = 3, X RABHIREETER
B, YRRBHFRERTEL

2.5 RELHE

B A SPSS (V 11.5) BEt Bk F#E4T — Ttk |A S i
METLREEBP . STEEFTEN: Y=25 +b,X, +
b X, +6:X,. ¥, X HTHES R IR, Y HLEEREH

F1 B TRMEERBHER
Table 1 Basic physical and chemical characteristics of soils

+ B pH{E e ﬁﬁhl&ﬁ £N £P £K

Soil (H,0) EC 0 ™ TP TK
sample (1 (g kg™ (g-ke™") (g-ks™) (g-ks™")
ps*em™) )
S;-N 7.30 L3 22.01 2.05 0.83 10.12
$;-R 7.21 1.4 22.56 2.16 0.81 9.81
S,-N 7.43 1.28 21.23 1.78 0.72 9.85
S,-R 7.24 1.43 22.14 1.98 0.72 9.73
S;-N 7.2 136 16. 54 1.76 0.79 9.76
S;-R 6.89 1.59 19.85 1.86 0.73 9.64
SN 6.85 1.85 18.32 1.85 0.76 10.03
SR 6.81  2.03 20. 45 2.02 0.78 10.07
Ss-N 7.14 21§ 15.87 1.23 0.65 7.34
Ss-R 7.11 2,24 19. 65 1.62 0.65 7.30
Sg-N 6.16  3.85 6.89 0.56 0.41 322
S¢-R 6.13 4.68 13. 87 135 0.53 7.58
Xe-Xy -0.09%* 0.24** 2.78** 0.29° 0.06 3.85

EC: Electrical conductivity; OM; Organic matter; Xg - Xy: Fm & H B RFHE
FSIERETREA IR E N3 The average of the difference between
the rhizosphere and non-rhizosphere about basic physical and chemical characteris-
tics of soils. S, : Y L} F4X M Farmland which below the Yashan Mountain; S,: Y
(s 1133%; The slope of the Yashan Mountain; S, ; $5/2#$ (1134 The slope of the Xin-
wuling hills; S,: & E# X M Farmland which below the Xinwuling hills; S5: &,
Bl 113 The slope of the Fenghuang Mountain; Sg: KB L :E B ¥ 3 The old
copper-tailings reservoir which below the Fenghuang Mountain; R: #RF& Rhizo-
sphere; N; JEMER Non-thizosphere. TFJA] The same below.

3 ZEREHH

3.1 RPHRFRAFEMRER L REHE KL

A THR RN S F L EREEHE(E ). 4
RER,S, L RFHHERRF L RS EILEH . EHE
AL FEREES R ES FIBE IR B IS M 53 AR S LK
FHE R BR T Y 6.905. 2.475,2.678.6.373
4.809 £, W7E S, AL RFHRFR L X AR EEHITEHE
43 AR Se AL R FHRBr 151G 2. 344.1.572,1. 963,
2.072 f11.775 £5. HE 6 4 RFHR bR 1 WA TS 1
Z R ZEHNERAB/DFIERERLE. 7T, RFHRER
I A b B 3 T M EE T, BB L R
] L REREE R ET. B 1 R R, 1E 6 LR
s, SEAES EREBEENTRIBEREK,
IREAEREE N EREERS , S B ELEE
PE RIS AL R BE R /)N

t R, AR SIERFE L BT EAE
i RE HRES RO EEERREBE(P <
0.01) , ZMEMBEHEEREE (P <0.05). AT R,
RIHR R E X+ AR R B (R2) . A
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Fig.1 Soil enzymatic activity.

#2 RARGSIERGTNRFEEIN RB
Table 2 ¢-test to the difference of soil enzymatic activitiesti between
rhizosphere and non-rhizosphere soils (n =6)

T E dAL SBEL s PR BERLRE
Ttem ARTEY M EHE EHE EH
Calatase Polyphenol- Invertase Urease  Phosphatase
activity oxidase activity activity activity
RC(%) 87.557 34.076 59.673 92.492 131. 562
I3 13. 956 5.085 26.934 9.431 11.784
P 0. 000 0. 004 0. 000 0. 000 0. 000

RC: RFHRER SIERER T R IE 4 1251k 3 Relative changed rate about

enzymatic activities of soils between rhizosphere and non-rhizosphere.

Ak 4 P RPHR BR-5 AR AR B L SR P ARG 2R
R (X R = (REFEEE - FREBE
HE) 7R ARFR B T x 100% ) {E AR BRI X A R
TRERE VR (K 2). ZREY, RIHRERIE

XA LR EE MR BT O . B EY > IREY
> ENERE > FEVERE > ZBELE.
3.2 Ry XRSHFHE T RE SRR

THRUBRFRIHFTEEREENANESSE
(3, UHFABRKHNBLIRFELBIESE
(Cu 68.80 mg - kg™',Cd 0.38 mg - kg™',Zn 96. 80
mg - kg ') MECHE RE, RS BRI A CPIL
R ITRE R M C R E SR TR NGRS R
EE(E 2). Y CPI<1 i, HHRW IS Y 24 CPI>
1 Bf, A K, DR s Bl ™E; 20 <CPL<!
B (AR WE T FEBE. hE 3 TUERN, &
Pt TP ERZ R AR BENESBEEE, 84
SYCRMEI R S¢>S, >S5 >S; >8, >8,. Hr,
Se B Cu.Cd.Zn B &E4r5|2 S, 19 16.0.6.0 Ff14.5
5, CPLERE S, 4K 5.4 45 RARER LK
CPI fHEE/NTIEMRER LR, B BT R B E N it
RIEHE. S, .S; 1S, 4b 13 Cu JnEK,S, 1S, &b
B Zn TR, FAL W Cd TEMKRBEEL TER L
BN R B bR (GB15618-1995) (6.5 <pH < 7. 5,
ZHARYE:Cu<100 mg - kg™',Cd<0.6 mg - kg™,
Zn<250 mg - kg™ ').

A, Cu,Cd.Zn 3 TLELERFHRER L 15
AREE TR S BRNES S BUEHB R TIERRE
TR TR, RAMRAFFETRELEES
BRFEES, B E LB ITE B 58 RFHR IR A
RIESHAL, MINESRMAEY AR X HELE
TRERSRF RS ERF LRV EERA, &
TREEBERE L EAEMNE AN ES TR, K
FAAEKEHRE T RELEERRA, X B L84
SRR,

3.3 ESRESTERELHEMEHNXR

g 1 FE 2 TR N, ERFHER R 13, BE
EFESRHRBEENME, & 8BS HEHEX B
N FAEREG AN R (R 1a~e JFF) -0.994, -
0.990,-0.898, -0.996, -0.997, ¥WXIth BF
JKF(P<0.01). Hrp, RUEILZRIIN(S,) M
BWRH(S,) LHRBEEERM, MY ILWTFARH
(S By S F LREEHEYAERR. R, AR
RIRESREGAEREES L HBEEZ R
XEABHHN N (BE la~e JHF) -0.955",
-0.962** . -0.891",-0.927"", -0.868" , k%
WMBEKF(P<0.01)5BEKF(P<0.05). A
FHMBEXRBMZEF T LE L, RFHR R B 7E—
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Table 3 Contents of heavy metals in the soil samples {mg - kg™!)
TR E Cu Ccd Zn
Soil samples St AR SR AR 2Rt AR
number TC AF TC AF TC AF
S,-N 56.750 10. 105(17.81% ) 1. 150 0.082(7.13% ) 173.200 52.070(30.06% )
S,-R 51. 350 10. 170(19.81% ) 0.950 0.068(7.16% ) 122.350 46.90(38.33% )
S,-N 72.950 10.220(14.01% ) 1. 450 0.105(7.24% ) 187. 400 45.475(24.27%)
5,-R 55. 100 11.325(20.54% ) 1. 050 0.084(8.00% ) 155.011 45.895(29.61% )
S;-N 80. 550 9.600(11.92% ) 1. 650 0.118(7.15% ) 189.310 52.260(27.61% )
S;-R 77. 450 10.955(14.14%) 1. 550 0.116(7.48% ) 165. 120 49.240(29.82% )
S,-N 420. 981 89.715(21.31%) 4.516 0.308(6.82% ) 318.542 77.255(24.25% )
S,-R 185. 750 53.360(28.73% ) 3. 100 0.237(7.65% ) 261. 503 67.630(25.86% )
Ss-N 127. 600 28.195(22.10% ) 2.150 0.137(6.37% ) 163. 350 45.165(27.65% )
S;-R 64.450 15.460(23.98% ) 2.150 0.156(7.25% ) 100. 800 37.600(37.30% )
S¢-N 924.912 165.533(17.90% ) 8.163 0.951(11.65% ) 780. 870 81.415(10.43% )
S¢-R 721. 600 147.051(20.38% ) 5. 400 0.672(12.44% ) 566. 450 85.414(15.08% )

4 WEE I F-BH Average of four replicate samples. R H/NMEE N AR R ITEE RS & H LR E 3 & The small brackets contents of inside of

watch means the percentage of the contents of the chemical element’ s available form occupy its total contents. TC: Total content; AF: Available form.
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Fig.2 Composite pollution indexes of heavy metals in the soils.
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EEEXROTR B R EZRAZTEIAM T
B RSO ARFHR BRI AEARBR B AN R 6] 4 4E
SRE, AEABASIRUEESBRESHRE
BHTHLEBEESESBEREZRINXR(E
4). N4 ATLLEH, 7E Cu.Cd. Zn B &5 5 514
T, RFPHRBrFIEEAR Br 1 E & R X L 3 E S
HMARKX 5. 7EHR PR 15, % Cd.Zn K EK
B, i S A ES B BRI DR BB T PR RR K BEE
Cu SRMIEIN, T E A0 S B B BR B AN IR B 15 TR
3R TERFHEAR S 3%, B Cu.Cd ¥REEMIE M, 3T
FACEES BB FIRES T PERRAR; BEE Zn BRI
o, i AL SRS B RS AR B I T 58 . ZE RUPHEAR
Prt3,Cu.Cd B & 15 Yext it S S65 B R ES AR
EE A — 2 MR SRR, T Zn 5 Cu Cd Z (8]
PR FEHUSN , 3 i AL SRS B R B R BR EE A
— BRI R, XS4 S WBIR SR 3. T
W, FERFHRER -3, HYMRBEAEFESRN L
BERE MR BRI 2, AREE R E

£ RIS EBOR A HTHN 1 ESIE PRI RN,

£4 TRESRSMEROSTERASH
Table 4 Multivariate regression analysis between the contents of
heavy metals and soil enzymatic activities

Axg ERass PR E R AR F P
Dependent Independent Standard multivariate
regression model
NELEMEE Ak ¥=3.709 +0.003%, - 52.193  0.019
Calatase activity ~ Rhizosphere 0. 645 X, -0.001X,
kR Y = 2.086 - 0.002Z, - 448.254* 0.002
Non-thizosphere 0.2092, +0.003Z,
FRMALEEE R Y= 12630 + 0.009%, - 463.491* 0.002
Polyphenol-oxidase ~ Rhizosphere 1.347 X, +0.009 X,
E 201 Y= 6290 - 0.026Z, + 5557 0.018
Non-thizosphere 0.842Z, -0.019Z,
i1 4 LS Y = 31745 - 0.06X, - 617.619* 0.002
Invertase activity ~ Rhizosphere 0.239 X, +0.008 X,
ek Y =29.256 + 0.038Z, - 124.203 0.008
Non-thizosphere 3.9992,-0.031Z,
PR i Y =1.083 +0.001X, ~ 51.514 0.017
Urease activity Rhizosphere 0.198 X, -0.001 X,
E2 35 = 0.546 - 0.001Z, - 231654 * 0.004
Non-thizosphere 0.076Z, +0.001Z,4
B 35 Y = 46,493 « 0.06K, - 12,518 0.075
Phosphatase activity Rhizosph 8.317 X,-0.038 X,
AR V= 19507 - 0.021Z, - 347,18 ) oon
Non-thizosphere 2.564Z, +0.032Z, '

X0 X5 AR FERSHRER LK Cu.Cd. Zn 42 & X, X, and X, mean the total contents
of Cu, Cd and Zn in the thizosphere soils; Z,.Z, .Z; /A HIRF RS MR 1 1% Cu.Cd Zn
287, Z,and Z; mean the total contents of Cu, Cd and Zn in the non-rhizosphere soils.

RFitdEiRir LR EG R E SRR
LB BB IR B IS e B 3, A Ak
EES DAL B RIR AS IE YR AT BN U B R
EREGIERRI(ES). NRIBTLUED EE
SREGIHRRET, CuZn X EEFEEEM R R
B, Cd MRS N HERES, X 58
HBHET PTG RA—B. CuZn Cd HAITH
X B ARSI A B E.

4  #®
MY AEREZELR P, RAREAEY M LRE
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FERE, MUERUARSESE , T HRBE R4
WY RRMBY EEYRREEGES TR P
SN RIS WA AL S Y. Bt R E D
WA DS B — IR AE 200 LA B, 340 FRAAD
BN TRESTHBY. KA FHRYEE
HEYR L BEAEHERER; 50Ty
FTEQER BRSSP LW, RFHRERT
3 R R IE o, DA T8 R 4 0
RL. AR R MBI AL R (A R A K/ pH
{8 PR Fac#e & (CEC) Rt ) A RRIREE
Rt R AL R R R N B S ROR B
FERE EYUBRANELBRHURURERIES
FLRWAERSHE L BYEEELRISRME
HESRREE LSRR ESRBTE, B2 8o
YIRS R RS W R KR AV VB R
BRABEUAMESELBTEERESY, HiNE
SR WA WA R, LA B B Rk, M TR ARG
T ELR ' ABR R, RSHRER IR Ak
AR - SR AY MR, 48 RS 1, B - 3
ERESELRB SR IGENTIRESLRTE BKL
RELRSE, MBLRESTERSE. TR, A
EHELBIS LK TR BHEY AT EENAES
e, B E £ B X B 25 Fl AT B WA M A BT

B XE SRS Y LR EE R TR
R, SR O PRI, He S 30+ R ES fIss
AL BHIE HEFE AR, Morenoa %1 BF5E T Cd X% 1 0%
B B EEE R ATP SRMEN, £9 Cd 3¢ 1%
BHE A B RIMEER, B SRR S LR
BT 14 52 B (0045 VE FI AR 3 8255 . Speir 28122 BT
T Cr(VI) A As(V) X A MM B EVER. 45580
U, LREERR LR E LR BT S RO
Rk ZEFM st BrEEP e RET
R XEFH L IEE LR S L IERIE 2 A WX R
FAT T BRI X R, i TR —FES
5, R T - 38 B 0 9o B 42 TR VS 4 (30 Hig CdLAs.
Cr.Pb 1 Zn %) fy R PEARER , B LA F I L SRS S
HETT LA S 228 15 e X 09 75 S R 0. AR PRSI0 3F
THWRS. EAT XA L EBEESELREAE
REFRABRBENAEELR, LHEL AL
S8 BREARERVEBERTELRES
BEORAL. X5 R SR gl B &P X8
g U419 gy B 5% 2% SR B A A ]

A MBI R R L EEEY DS R
MR R EAE S RE MR my

B Ao+ A& B, Skujins™®’ | Speir
£:22-2] Castellano 25 Dick ZVPFTy k0, 48
P -4 PO AR AR PR L S 5 RE I AN B AR S X PR
FACRS (VRS ) JIRES L EACEEE 5 R AR RS
EEBSRTE . A SCHRUESE T X450, RPHRER
IR R I RALE B S B A LS BEE R IR
BEFIBERREEIE VE. (B, RUPHR PRI HE XS + SR B 1
Eump R &AL, T aE R YR R 0 WS
B, ] SERARRE L R E R AR
HEg, MBS

HE R L RESRE AT M —30, &
THELSRERNEE T HREAEEE L. B, 51
REHEDSE5F B THLEBHESRBRNXR,E
B by, W ERATHAE" . MRT KRR
AEERUTRET RN LRESRE. EHEF
BETHERSEYRGRAEDHIIREHRE K
FHERBERAESFM T RRIFER, RA B W
ROE ALK EEFRRIIHER T ES BN L 5%
EETEVERR N , BX R o S B s AL
REMEATR, ARHEATESREAREN L
RESE AR A fr it — 2B RS
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