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Changes of Protease, Acid phosphomonoesterase and Dehydrogenase Activities in Cd—Pb Polluted Agricultural
Soils

WANG Han, GAO Shu—fang, LUO Dan, CHEN Yu—zhen, WANG Guo

(College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China )

Abstract: The activities of protease, acid phosphomonoesterase and dehydrogenase in Cd—Pb polluted agricultural soils were investigated and
the relationships between the enzymatic activities and the contents of Cd, Cu, Pb and Zn as well as the basic soil properties were discussed.
Path analysis showed that the contents of available Cd, available Zn, sand and clay were the principal direct factors affecting protease activity.
The protease activity increased with the increase in available Zn but with the decrease in available Cd. The principal direct factors influenc—
ing acid phosphomonoesterase activity were available N, available P and pH. Available Cu, available Cd, available Pb and available Zn had
only small direct effects on acid phosphomonoesterase activity. The principal direct factors affecting dehydrogenase activity were available Cd,
available Zn and available K. Available Cd inhibited while available Zn promoted dehydrogenase activity. The toxicity of the available metals
to the soil enzymes was in the order of Cd>Cu>Pb>Zn. As a whole, the combined pollution of Cu, Cd, Pb and Zn increased protease activity
and inhibitied dehydrogenase activity but it had only small effects on acid phosphomonoesterase. Dehydrogenase could be used as a indictor
for the combined polluted soil. Soil enzymatic activities were effected by heavy metals and soil physicochemical property.
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JEARILIE R WIS PR FE N R A D E SR
G RE RS R, BB AV AR S Ak
AR KRIAE SR {5 3T REE UM VIR &
AT, P 4 ot SRR PR AR PR, + SRR
Tl T AT S TE SR IS RIE AT REN
HIRDOLES , AR AR R RO IR . AR

of P PR AR R AN T 2200, 4R A U 3
FFE B EUES o

EAMBRESIREE S -5 N P IEAH X, 5
AR LRI EER, B E R TR R
B2, RIS RIAESRERN,3 FEEEYEEE
£ RS YRR A4 IR T FEARD -, (At — Ee B ot 2R B
& A MRS IRIE X 4B 15 Y AN URR, B S
AEXT S A BRI B D BRI 5 TS YRR R B
FA R o AR 138 3 P TR AR fhiA 5 - A
JOT R i B AR OGS, T BT R e - SRR TS ARk
PR R 24 . AT H 8] L3 B & B Vs e E A~ 1Y)
AT, AR SCL Cd\Ph V554K H 80X 4, R A
KT 3MERESS IEESRISRZRIMER, LI
R E SRR IR YN RIS

1 SRR SHRTE

A2 I TR e e TR B KA ¥5 7K
IS A E S RIS IX o ISR XA TH) AT
R, &R, BHER 6.6 &
hi? s JERER SRR Iy 42 o SRARRT SefliE KA/ DX,
REEX KRB S TG NN RERR
T (<20 cm)4~5 >, ARG 1A RAEHIKRZ b
TGRS, BN . SRAA L3R i I TE R 2R
A R ]S

FeR M AR RIRY), BT ARE XA 1d
JatE 4 RO E TR, HIREYRE AR, 2
mm i, TCRIBRMREENE T 4 CHREE HOWETEE -
B, S E I RRE M, AT IR B AT
&8 S LA

T E )R B8R A HC0,~HNO,~HF JHf#, i
TR B CR A S8 ) HEATINRE (GGB/T

17141—1997); 13EHELE AR DTPA -
JRF R BB B Tl (HI/T 166—2004 ), +
3 pH SRR FRAIEIIRE , K R Ay 101, 358580 4 A,
KA HETENE . AYUL S RRAESREA TR
B-AhmBGEI e, AR EERAYMEITKE
W5 , AR A & BRI Bk e . HiEEmE
BRI R ERR-TER TS A7 4 22t skl e , s &
BOR BRI S AR R 2 L E . M-SR
Fi HCI0,~HNO,-HF T #% . K A6 6B Bl 2 , s s
B ESR A NILOAC 1242 KA e, ARG,
FRVEBERRNG B SUBETE MU e 2R Lh st s
FRIGE 3 IREH . B3ERT SPSS 14.0 J Excel 2003
SAHTANEE,

HRESH

2.1 TBEESRFERAMERER

TE A XA H 34 Cu #{E K 56.14 mg kg™
(F 1), KRoFBiTERRHTE b, Cdi5
PPE, A Cd EH 4.73 mg-kg™, T RAE RS
T2 Cd Wl ER L% 985 #E (GB15618—
1995)0.3 mg-kg™, +3#4 Pb B{E N 679.8 mg kg™, #
it [ 2%+ bR 300 mg-kg !, Horh4 Pb it
300 mg-kg™ MISREESA 320, 5 76.2%, 1184 7n
BE R 230.1 mg-kg !, M A T FERK H I Hbr
#E 250 mg- kg™, It -3 Zn {5 YL I AT, AT OLIA
A X+ Cd.Pb HI5YY, CuZn FARZ Y, +
BHhAMESRAUSERELRREN B ETH
K(P<0.01), AL IEEL BEEEEEMELEAN
BHFERNE,

TIELRE BT 107-218 g-kg' Z[H), N 153
g-kg?(F 2). i HERBEREENET 0.08%,
Hrr 88.1% M +3EFE 2R BB 0.12%, RS
5K LA PPN R AR LU TR TR AR S B AR
HE), BHi SR ES0.08% % % H, >0.12% % —
ot AR LS FERR .. HESBTENT
0.48~3.17 g-kg ' Z[A) , ¥9{EH 1.41 g-kg', HorP 85.7%
RS BET 0.08%, 1% 88>0.08% ) —F M bR

2

1 BRI NES B ERAHE (g kg
Table 1 Contents of total and available heavy metals of the soils(mg-kg™)

5iH 4 Cu 4 Cd 4 Pb 4 7n F# Cu B Cd E# Pb B Zn
BAE 112.9 27.36 31829 3447 24.53 10.60 5223 308.2
B/ME 32.40 0.97 162.8 147.4 0.09 0.12 2.03 26.90

H#E 56.14 4.73 679.8 230.1 17.72 1.61 126.6 117.1
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Table 2 Basic properties of the soils

mR SR WRE AR EMEY AW M ABUR oM TURLEEL R %
g kg mg-kg™ g-keg?! mg-kg? g kg mg-kg™ g-keg?! (H,0) R oS A b TR
B 2.18 161.7 3.17 418.5 53.61 302.7 65.09 7.9 67.9 39.6 29.7
=/ME 1.07 70.81 0.48 6.62 1532 17.79 21.77 5.0 354 20.7 10.9
HHE 1.53 107.6 141 170.7 38.97 100.8 40.82 6.7 48.8 30.8 20.4

H, TESHSETRES. DIESMERL 1532~
53.61 g-kg™ Z 6], ¥I{E N 38.97 g- kg™, H:H 73.8%M
TEEHERET 3%(—R), KRR TF %M, +
EAYR & RIEETE 21.77~65.00 g-kg™ Z[H, #Bik
B —RHbrE (>2%), +3E pH EK 5.0~7.9, Hr
pH>6.5 iy +kE Y 64.3%,pH<6 X 4 5], IR X
T pH EfRE P, HEX HEEELSFES
XS EAREYAR . Bk AR L R R 13
2.2 3 FhHIEEERG TR

3 3 L, WA X S H A T 301.8~
981.3 EHA ng-g'-d 2, BN 631.0 IR
pgrg’-d?; FRVEBRRREEIE AT 9.58~35.32 X figEE
B pgeg’-h? Z), AR 18.18 XTAHETES ng-g-
hs AT ULIATE IR BRI TG MR, FTRE S 138
pH & PR ¢ HIERL RS AT 16.29~199.9
TFpg-g”d? Z[0], 386K 68.51 TFug-g?-d?, NEF
RECRE 3 M REABEENERREEKR, N
56.8% , AT DLIRZL 138 h i S A AR ORI
B S B A AR A A U

&3 Mk T mERE

Table 3 Soil enzyme activities

HEE/ TR PR/

T I

BEA pg-gt-d? MR pgegt-h? TFug-g-d?
Bkl 981.3 35.32 199.9
/ME 301.8 9.58 16.29
HIE 631.0 18.18 68.51
e 135.5 6.36 38.91
EREAN 21.5% 35.0% 56.8%

2.3 Cu,Cd.Pb.Zn ¥ +BE1E L R3S T B & 1 10
=AU

ARG TR, OGS H1E4S Pb [
SRR EIEMAHK(P<0.01), 5 343 Pb B2 BE
IEAHR(P<0.05), 0] I, Pb {5 4Ll TR LI EEM: . &
HEEES T AR R EEEIEMRX (P<
0.05), 513 pH [B E2M B F IEMAHX(P<0.01), 5H

AEFEMB TR EMHRK, BIETREEGTS HiES
Pb [B] & B 3 i A 36 (P<0.05), 5 L A H WA A
A% B3 A G (P<0.01), 5 +4 pH (H 2 B 2 71 H
K(P<0.05), V] WLIFEE 148 pH TI = BaHE R AIG, BR M
BERR RIS 1 5 A R I3 AEC . I AT
5434 Zn BAR B ERHK(P0.01), 51384
% Cd.Pb N BFE AR (P<0.05), 5 +HEEA L Zn 1]
JR BE R (P<0.01), 7] L E 4 8 75 YL Bl
THERTEY:. MES T ESRRYEE EMR
(P<0.05) , 5 - 35kl . AR AC A o 3 TEAH 26 (P<
0.01), 5 +3E pH LA B F AR (P<0.01), A
FEEE S AN R Z AT B E ML,

RAMXSI Bn, ELR R EM RN 3
ol - B REE E R A AE S R ), (R TR 9 A S A T
REHEMC R — X BRSNS, 8 3 P 4EaG
EHEA RS 4 HESBANS SR AA oK
G0 i I G I S W TN Y s I T L YA o W e
ST, ISR BREH 15 L IEERE 2 [F KR

M 4 0] 0, HHEEERE 2B HEA 3L Cd(-0547).
T A Zn(0.706) KPR (-0.407 ) FHAL (-0.566 ) Xt
T EEHEMEN EEGE 2 R BER, U X e R 75t
HETEE N B R . IR R Cd X & A g
WHEESERRECHT, WAL EENH T EOE
P, HBEA R Cd da HA R 1155 T X R m
TEEW In WEHERZREER K, B AIE, A+
AR Zn HERE T EARE S, EE S A HE T
Hll 55 T IX R E I . BRRLRIR RN 8 10 B A B
RN, UL TR AR RORS SRR 1 1 38 P R TR
ZANH

13 Cu.Cd.Pb.Zn A FRIEBERRES IS H
Bl 2B, T H 8 i At R 3R A (R i AR R B
WHEIINFE 4), B L Cu.Cd.Pb.Zn A2
IRV EH R R . HERA A EEERR R
0k 0.465 , ULIHBRAR B B ERIE T BRI BERRBETE 1
TR 5 BB R MR RREE 1 A E R T



F29EH3IM

K b H om B

FA

FUR
&

=

it 503

R, HEEER AR 0.601 F1-0.891, 15 I -3
B m A R DR T M A B L E N

R, LB E RN A o I, B S PRI DR
{1 2 1) B9 AR S BB S e - SR ot M M A T )

LS , TS50 ) T L L S o ke 1 38l

PRI 1k 22 TR 2 28 o At T S B 1 R X T A1
T PR RS RARR TR » Kang 2295730 , T kAR
G Pk 5 £ PR ER R (POY ) W 2 AL, X 5
AT R—H, HKh L3 pHE, HEER R
H-0.468, ULHIREE T pH AR BHEMEREL, X5
Wang &P 45 R —5,

WA R (F 4), AR Cu . Cd.Pb H#E
P T RS, AR Zn M BRI T R

G . Hrh 1A Cd Zn MR M EEY
W IR, AR R B0 -0.468 1 0.381 AL
PR RE S Y B BGER R RN 0.587, WILEEE
T G I Pt I, AR PR AR
Bl B B Rl R R o

352
3 g

WAL TR, T AR Cd W A A
TP E MR FEGE , W PRI SRR I 1 B E AR
REAOA T, A 4 BE SR P AR Cd MR
TR, AN CuXNEAE MEABERER
RBCE R T BT R R R
R Cd 55, FTDLIAZE 3P AR Co S T L

R4 BEERARE BFEE AR EH pHL Rt 3 MR B R R

Table 4 Path coefficients from available heavy metals, available N P K, pH and clay to three soil enzymatic activities

— — — — — — — — —
Xy X, X, X, X;s X¢ X; Xs X
=] Xy -0.227 -0.183 0.004 0.345 -0.028 0.012 0.008 0.004 -0.107
Xz -0.076 -0.547 0.003 0.544 0.010 -0.049 -0.005 -0.002 0.004
X3 -0.042 -0.089 0.021 0.376 0.013 -0.114 -0.027 0.081 0.125
Xs -0.111 -0.421 0.011 0.706 0.009 -0.086 -0.025 0.040 -0.011
Xs -0.062 0.054 -0.003 -0.058 -0.104 0.069 0.018 -0.052 -0.132
X -0.012 0.119 -0.011 -0.265 -0.032 0.228 0.074 -0.055 -0.140
X5 -0.017 0.028 -0.006 -0.177 -0.018 0.171 0.099 -0.061 -0.161
Xs -0.005 0.007 0.010 0.162 0.031 -0.072 -0.035 0.174 0.104
X -0.043 0.004 -0.005 0.014 -0.024 0.056 0.028 -0.032 -0.566
B LT PR G Xy 0.156 -0.097 0.020 0.005 0.127 -0.046 0.009 -0.010 -0.028
X, 0.052 -0.289 0.018 0.008 -0.046 0.193 -0.006 0.006 0.001
X5 0.029 -0.047 0.112 0.006 -0.058 0.446 -0.030 -0.218 0.033
Xy 0.076 -0.223 0.060 0.011 -0.038 0.335 -0.028 -0.108 -0.003
Xs 0.043 0.029 -0.014 -0.001 0.465 -0.270 0.020 0.139 -0.034
X 0.008 0.063 -0.056 -0.004 0.141 -0.891 0.085 0.147 -0.037
X; 0.012 0.015 -0.030 -0.003 0.082 -0.669 0.113 0.164 -0.042
Xs 0.003 0.003 0.052 0.003 -0.139 0.280 -0.040 -0.468 0.027
X 0.029 0.002 -0.025 0.000 0.108 -0.220 0.032 0.086 —0.148
et X1 -0.322 -0.157 -0.038 0.186 -0.013 -0.014 0.045 -0.006 -0.002
Xz -0.108 —-0.468 -0.033 0.293 0.005 0.058 -0.031 0.004 0.000
X5 -0.059 -0.076 -0.205 0.203 0.006 0.134 -0.157 -0.136 0.002
Xs -0.157 -0.360 -0.109 0.381 0.004 0.101 -0.147 -0.067 0.000
Xs -0.088 0.046 0.026 -0.031 -0.047 -0.081 0.104 0.087 -0.002
Xs -0.017 0.102 0.103 -0.143 -0.014 -0.268 0.441 0.092 -0.002
X5 -0.025 0.024 0.055 -0.095 -0.008 -0.201 0.587 0.102 -0.003
Xs -0.007 0.006 -0.096 0.088 0.014 0.084 -0.205 -0.292 0.002
X -0.061 0.003 0.045 0.008 -0.011 -0.066 0.167 0.053 -0.010

T Xo~Xo 23328 HEAZ Cu . CA.Pb Zn AR A REE EF .pH Bk 0T RILEEY B HER R R SOl RYEBERRN I S T

FIFRI 3B R BT R 0.677.0.640.0.619,
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HEARL Cd, X TTRE S 1RA AR H L3 Cu s R R
BX, HHEAR P SEMNEAL, Rt +3EA% Pb
XoF 3 Fh -3 H R BN, B DA Zn 42
AR Pb K, 00T R PEBE BRI 1 JCEA s, 3¢
W RN T BB S AR T 4 RV ES
JRHAR Zn FER S . Z05 LiRa T, AR M 4
FHE SR ARSI 3 FPEEE R MKICN
Cd>Cu>Pb>Zn., T4 J&@ X EHE M A 5 1 e
Aok, B A BT B 48 V5 YA X R Uk, i
AR PR BN ET, Oliveira ¥ AR S5T BN, H
(6] 244 T B S BN B 4R V5 e BN UM, X S5 AR F
FEEWH A -

ERSIHTA R, BB RN 3 Fl LI R
PEIFEAERR B B HE ) o Fo i R m o ik
PERR B TE MR I RIHA L T SRR 1) T A A, 1380
R R VR BT , e S ot I SR TG P A L
SR, U IR PO AR R B R,
TR T BRE . RIEA VUG &8 3 FERE MR
BEQEEERRBEN, X5 ERILEANNBIR
SRR, A HA P E LRI 3 F+
BEESTEME R RGN 1, 138 pH MR RERR IS (1 B 4%
S AR T AR A I IR EE pH AR LR,
il 7E 33 - o TR M R T B S T AH SRR Rtk
S ERRERIFFIRESR

LA TR A M IRTT A, g | Cu Cd. Pb,
In BABYE T HIEEOBREM:, M6 TR
T, X R RR B S R AR, ARG
R HIE 4 HESRE SRS SR 3H+
BETEY S B R A A TR Ok, 1
[ E R e S g = e wb B LU Yk a A S
Ro HFEME TR R R — e 7, iE
M 2R,

ZREFSIHRERET XNAARMH, EA. AR
PERRERRS I SRS PR IR S B IS YR R 2
ETRE, TR ESRBIT R, SIS RBRERE , AR
AR H 3R Cd. Pb 545, 1M Cu.Zn 54
B, PR X LSRR EE,

SREEAT pH EIBE TARZ A M 1%, lEE R
RYmRAE K r] BRBE— 2 IR X + SRR A=A, Y
IR T 2 o B SRR S BB 15 A K AR 2 4l
E i A N LR NN e o i R R D
A —EtE Y, BN ERENRET XESR
TSR BT AT Y 358, T R O S ] 43
BEHEMERY TR IR AT 3 FhEEEEZE L EE 77
FEXT B VAR (L B R R RUIN(R 5), 3R
50.0% . RS BEE R R 48.7 %o MG AR (L (B IE S
B R?) ; S 0 BPISLR ml R 22. 5% WS P A2 1k s BRIER
PRI BRI PR 34.1 %M AR M, X UL, R4 3
b RIS MR R AL I T AR it E R E
S BTEFI EHE HAR A TT T R HEA PR BESh, 3 Fb
IR P BB R BRI A A R R, P AR
0.677, FRPEBE R N 0.640, i Sl K 0.619, Bk T A
DI ARFE BRI ZR I, S AR I SR P Y 2 [N
R, R IR AR BT R 1 R
MR B, AR HEERE G159 HIEEHE R R
Wi & —~AH 24 R IR AR, AA A AR A FH 1 3 =
ERITUAIBFER .
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