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The Effects of Cu, Cd, Pb and Zn on the Activities of Urease, Protease and Peroxidase in Acid Cultivated Soil
WANG Han', WANG Guo', LIN Qing—qiang?, CHEN Hui-na', LUO Lei-hua'

(1.College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2.College of Life Sciences,
Fujian Normal University, Fujian 350108, China)

Abstract : The influence of Cu, Cd, Pb, Zn addition on the activities of urease, protease and peroxidase in an cultivated soil was studied by in—
door incubation. The added dose is 50, 100, 200, 400, 600 mg-kg™ for Cu, 1, 5, 10, 15, 20 mg-kg™ for Cd, 100, 300, 500, 800, 1 200 mg-kg™ for
Ph, 50, 100, 200, 400, 800 mg kg™ for Zn, respectively. The results showed that Cu, Cd, Pb and Zn mainly inhibited the activity of urease of
which the inhibition effect decreased in the order of Cu>Cd>Zn =Pb. The inhibition of the four metals on the the activity of urease weakened
during the final incubation period. The activity of protease was decreased dramatically in the early 17 days of incubation by adding the four met—
als and maintained the low activity afterwards. The four metals showed relatively weak inhibition effects on the activity of peroxidase except for
Zn which markedly decreased the peroxidase activity in the early three days. The above results suggested that the activity of urease could be the
indicator of soil Cu pollution, that of protease could be the indicator of Cu, Cd, Pb and Zn pollution of soil, and that of peroxidase could only indi—
cate short—term Zn pollution of soil.
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FH A EBETE AR AR X A 35 00 T4 R 5 YR
—SERF Y F A HEUCKE IR . B R D A T Y
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AR H R BUR IR+ TR TEA I T
S JE A RS S I, A R RE IR T 4 JE XA P i B
EE PRSI T 5 4w XA H - BB T )
S S FLRE A (R 9AR Ak, FRATTSR A pH B4 1+
HEAMEA N Cu Cd Pb Zn, B NS5, BF 98 LR H 4
K IR K 1 B Ao S A il T T s ], A 2L
B E I I RS

1 #MR5E7FE

1.1 k8

PR - HER AR A T XL B &
B o IHHIE B IT , B TCHA S is Yl . IR T
T, BRI ARY) B T RUKR 1, W AR R S 6
SEACAE  RAENT L RAEY Mg Sk . RAEFHEZ HHE(<
20 em) , TG, KERARFAEDERIAR , i 2 mm §i
ik LRy FEEERT . 2% 1.65 g kg™, B A
118.35 mg-kg', 4> 0.57 g-kg™!, EALHE 32.28 mg kg™,
451 30.92 g-kg™!, AL 26.83 mg-kg™, A ML 40.83
g-kg™,pH 4.77 MRV KL 29.68% , AP Hi35.73% , ¥y ki
17.88% , Fki 16.71%.,
1.2 iX3&ig it

4 Cu.Cd.Pb.Zn [P BR R 73 %I C 6 B % Cu,
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Cd10.Cd15.Cd20 %75, Pb AbFE 25 A Ph 1435
% 100.300.500.800 FI 1 200 mg -kg ™, 4 % LA
Pb100,Pb300.Ph500 ,Ph800 . Ph1200 F7, Zn b FH £
FIH) S Zn 843504 50,100, 200, 400 A1 800 mg kg™,
LA Zn50 . Zn100 . Zn200 . Zn400 . Zn800 F7 , [H]Hf
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Tablel Available amounts of the heavy metals in the soils at

different incubation time

AN IR R A A AR /g - kg

Ik
3d 10d 17d 31d 52d
Cu50 31.24 26.57 25.84 22.86 20.29
Cul00 55.01 53.01 5141 4391 4243
Cu200 101.04 86.15 85.85 81.12 75.33
Cu400 130.23 125.98 125.68 117.11 116.43
Cu600 142.9 138.61 138.6 134.57 131.79
Cdl 0.82 0.62 0.38 0.25 0.27
Cds 5.25 3.48 3.16 2.49 2.43
Cd10 8.56 7.34 6.11 5.51 5.69
Cd15 11.31 10.86 9.69 8.66 7.97
Cd20 15.41 13.94 13.8 11.9 12.38
Pb100 95.52 86.76 74.53 66.14 52.47
Ph300 228.7 203.89 184.13 168.59 160.3
Ph500 332.38 312.96 302.35 221.19 186.73
Ph800 494.09 411.81 377.77 356.31 332.26
Pb1200 578.5 525.15 520.49 455.1 449.6
Zn50 56.49 26.02 52.81 81.18 77.16
Zn100 91.96 87.53 86.53 100.31 84.53
Zn200 142.40 142.40 144.99 147.78 127.73
7n400 235.35 225.55 220.56 209.33 196.76
Zn800 305.20 294.24 297.44 288.92 278.29

2.2 Cu.Cd.Pb Zn 3t AREGE RIS

F 3 2 WL, BE3R4E 3 d, Cu IR 0 VE
SN Cu AR HIE - JCE . 17 d 2247, Cu
Ak B Rt 7% 1 4 ) RIS B B3R e
AN [) A L ) R P P 2 S /0N (L Cu RE FRARSR 3R
PR ESR P RIVE o ORGSR AR IR Cu &b
P G PR AR Ak EA B nT & BR, Cu o JUR B 740 410 31 2R K
SBEGS e B LT 0, DA SR EER 17 d R,
Cu50.,Cul00,Cu200.Cu400 ,Cu600 4k FH (¥ g i P 43

R 2 Cu X HRERTE 1B 00
Table 2 Effect of Cu addition on the activities of soil urease
AR SR REI MR B T 1 A A pg g d
3d 10d 17d 31d 52 d

prosii}

Cu50 1515.2b 641.4a 18 471.4ab 18 872.9a 10 717.9b
Cul00 1328.1¢ 675.9a 20 644.7a 21 4189a 9 713.2¢
Cu200 1211.3¢ 523.2a 16 476.7abc 18 504.9a 9 524.5¢
Cu400 10742d  428.8a 14 588.1bc 16 344.2a 8 392.5d
Cu600 1026.7d  5489a 12 148.1c 14 926.9a 8 781.2d

CK 205432  534.1a 21 728.1a 24 0329a 12 522.3a

T« [R5 R R AH IR 7B i 22 5 AR .25 (P<0.05), AR Tl .

ST BRI PR 85% 95% 76% .67% .56% , ‘B~
KBRS Cu V5 YU 45 55, 5 Hemida S5 (1 RFFT 45
W A—EE,

i3 3 d, Cd A BRI 7 DREEE PE, (HAGIE
FHEC A — B Cu AbPE/N(HE 3), H59R5E 10d, — 4
Cd Zb L (Cd5 ,Cd15,Cd20 ) ff 55 38 1 Wi 1, Ho 4
ALFR(CA1  CA10)FlEE 5 X6 FRART . S Toir s,
10~31 d #[R] Cd AbPE 5 X) BEZH 2 () il 5 PE TG 1 35 2=
S, W IR A G R, 5 52 d R[] Cd bR
X R P I TE RIS M, LA S S UEEH Cd X ik
BRI, A Cd 5 Cu AR5 T 0, 72 38 ik
BESEFEIPY Cd X IR 6 PR A P RIE FH A Cu /)N,

< 3 Cd XBRESE R0
Table 3 Effect of Cd pollution on the activities of soil urease

AR EE TR R AL BRIV A pg g™

Jb 3
3d 10d 17 d 31d 52d

Cd1 1414.8¢c 516.6a 20 936.7a 21 168.9a 11 760.2bc
Cds 1 698.6b 617.7a 19 492.1a 18 893.6a 11 404.9¢
Cd10 1 800.2b 569.4a 17 024.1a 19 186.9a 12 449.5a
Cd15 1 352.5¢ 653.7a 23 724.7a 19 969.6a 12 216.2ab
Cd20 1 413.5¢ 610.5a 19 771.4a 20 062.9a 11 660.2bc
CK 2 054.3a 534.1a 21 728.1a 24 032.9a 12 522.3a

ANJF] P AbBEAE - SEREFRER 3 d ] T IR 1
(£ 4), ZEIHEFRY, 10~31 d i) ) 2b 2 i) IR it
THEIFICRRZE S IR R IR A (52 d)Pb Ab XS
i AR OO A, X AR Ph BEPEAR X
T A T 55
3R 4 Pb X ARERIE MR R
Table 4 Effect of Pb pollution on the activities of soil urease

N[V SR RET IR P AR pg g+ d

Ab
3d 10d 17 d 31d 52d

Pb100 1 627.7¢ 4719a 16 884.1b 20 634.9a 13 186.7b
Ph300 1 324.5d 744.8a 19 491.4ab 19 584.9a 13 946.7b
Pb500 910.3f 510.8a 17 256.7ab 20 996.2a 13 840.7b
Ph800 1 083.7¢ 598.7a 18 482.1ab 24 416.2a 13 244b
Pb1200 1 763.7b 4374a 19 224.7ab 22 309.6a 14 828.7a

CK 2 054.3a 534.1a 21 728.1a 24 032.9a 12 522.3c

3d PR 31 d Ay, Zn AR SR DRI A= 55 0 4
HIMEMH . SR b Zn AT - SFEIREE A I/ E A K
5, B T IAE B (Zn50) 41, Hsr Zn AR BH - A4 iR
TP B IR AR 50 - SN I (3RS )
ARSI AFEES A —E 22 570,

HRR A R AT R B R AR T e IR T 1
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Table 5 Effect of Zn additition on the activities of soil urease

NEhA BB P pe gt d!
e ANFRE SR REC R 1 2 A pe- g

3d 10d 17d 31d 52d

Zn50 1 600.1b 724.6a 9 636.7b 21 680.2a 8 593.9¢
Zn100 1 651.7b 518.1a 21 458.1a 23 318.9a 12 126.6d
Zn200 1733.7b  620.8a 21 938.1a 20 310.9a 14 603.2a
7Zn400 1724.4b  688.5a 22 651.4a 21956.2a 14 121.9b
Zn800 1 721.9b 535a 20 887.4a 20 488.9a 12 647.2¢c
CK 2 054.3a 534.1a 21 728.1a 24 0329a 12 522.3cd
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HRERZ , & mA RS Ea e R — i
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T HERRAG T, (EMNAIFREEFRE BT Cu, Hsx
AR B TR TSR s YA B, BN,
Bl 5 SR (RIS , R PEAR TR 2] T .
2.3 Cu.Cd.Pb Zn X} E A EEE MR RN
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Figure 1 Effect of Cu pollution on the activities of protease
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Figure 2 Effect of Cd pollution on the activities of protease
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Figure 3 Effect of Pb pollution on the activities of protease
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Figure 4 Effect of Zn pollution on the activities of protease
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IrRN 46% 24% 45% 36% .89% (3% 9), 10d AT,
Zn [ B RN 1%, Zn AL 1 55 ) BT
PeHE . 17 d Z247, Zn AOPRGEES TS T BHE . M 31
d DUG BB FREE A, Zn RO PRERTAN 6 T 5 S Ak 1
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LR TR 4 B A RS R [ 5 3 AR AL Y il T A
AT R IFAN B o 28 AT UL Ph Xt S AL P it
SEM fe /)N 5 JE ] (3 d)Cu Je Zn X b S8 A0 4 Bl 41
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Table 6 Effect of Cu pollution on the activities of peroxidase

AV FE R BT TR pgg-2 b

QbR

3d 10d 17d 31d 52d
Cu50 13069bc 1431.7a 1493.0a 20063a 1697.7a
Cul00 14009 1397.7a 14933a 20313a 1731.9a
Cu200 12241c 1421.0a 13993a 17343ab 1611.2ab
Cu400 11257¢ 1214.6b 1244.6b 15923b 1403.1c
Cu600 1161.3¢ 12142b 12174b 1525.1b 1 485.7bc
CK 15363a 14719a 1409.8a 1731.8ab 1 786.5a

&7 Cd W RUMBERE R0

Table 7 Effect of Cd pollution on the activities of peroxidase
RNREREF KRB B TR pgeg'-2 b

busE

3d 10d 17 d 31d 52d
Cdl 1942.1a 16485a 131l.1a 1557.7a 1 468.6b
Cds 1650.0b 167252 13379a 1647.8a 14829b
Cd10 1603.1b 17484a 1347.0a 1 746a 1 508.6b
Cd15 1569.0b 1650.1a 138l.la 1671.8a 1507.3b
Cd20 17229b 1616.6a 1417.5a 1630.8a 1597.1b
CK 15363b 14719b 1409.8a 1731.8a 1786.5a

% 8 Pb xtid EAUMERE IR0

Table 8 Effect of Pb pollution on the activities of peroxidase

AR RGBT R pgeg'+2 b

b
3d 10d 17d 31d 52d

Pbh100 1359.4a 1526.8a 14155a 1679.1ab 1 503.2b
Pbh300 1559.1a 14857a 1498.6a 15932b 1 681.2ab
Ph500 1 530a 1 463.0a 1 426a 1625.1b 1 552.5b
Ph800 15354a 14926a 1512.6a 1610.7b 1 853a
Pb1200 1 513.6a 1489.2a 14223a 1683.5ab 1 831.8a

CK 153632 14719a 140982 1731.8a 1786.5a
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Table 9 Effect of Zn pollution on the activities of peroxidase
ANRFEFERB ISR B2 peg-g'+2 b
3d 10d 17d 31d 524d
Zn50 832.0b  1413.9ab 1412.0b 1728.6a 1658ab
Zn100 1169.5b 1364.2ab 1554.1a 1751.6a 1 670.5ab
Zn200 842.1b  1393.3ab 1452.6b 1710.6a 1 687.6ab
7Zn400 988.6b 1415.1ab 1583.0a 1611.5a 1 585.9ab
Zn800 171c 1299.4bab 1607.8a 15384a 1519.2b
CK 153632 14719a 1409.8b 1731.8a 1786.5a

Abp
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