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Effects of Single and Combined Pollution of Cr’* and
Ni’* on Soil Enzyme Activities in Paddy Soil
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(1 College of Resources and Environment,South China Agricultural University , Guangzhou 510642 | China;
2 Institute of Scientific and Technical Information, Guangdong Academy of Agricultural Sciences, Guangzhou 510640 ,China)

Abstract : The effects of single and combined pollution of Cr’* and Ni’* on the activities of urease, acid
phosphatase and catalase in paddy soil were investigated through the lab-scale experiment by artificially
controlling temperature and humidity. The results showed that urease and acid phosphatase activities were
stimulated under low added Ni’* concentration in single Ni** treatments, while the activities of the three
enzymes in the rest treatments were all inhibited. Ni** inhibited the enzyme activities in the order of ure-
ase > acid phosphatase > catalase, while the enzyme activities were inhibited by Cr’* and Cr-Ni com-
bined pollution in the following order of urease > catalase =~ acid phosphatase. The characteristics of Cr-Ni
combined pollution for urease and acid phosphatase mainly exhibited synergistic effect ; However, it largely

pointed out synergistic effect for catalase in the early period of culture.
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KEAEARBTWEEEY R, ES5 28 H4EY 1.3 TESEEE0NE
—EIL RS A R LR S SR R AR B B LU €6 3 ) R, Bl 4 DA 37
MAEYITFEE R RZEY], HEE R/ T e e+ CEEREF 24 h /51 g 139 NH, - N B2 50 B53K
AR N T R MARES AR EI R R ERESREER R R e G I, B TE
TG PEXT BRI 3 S o U, E e s 3 DI37T CEBEE R 24 hF 1 g T EPEHNZRIRE
WIEIRM B BURN S —" . 81, BNsh A EAE R A KMnO, ZFEENE , BG4S
MEEBICRE SR HEMESAEWHAIT T T HEBFEM 0.1 mol + L™' KMnO, ZAEFE 1 ; B
JIZEWESE, (HiX Be B R £ 2 X T Hg Cd.Pb.Cu 55 A5 W[ 8,13].
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Y B B N BIF a1 K P B {5 P P il 22 ( The percentage of inhibition,
AEMLWEAEFRAR, R T G N PHEEBR#R — W E ELE X + E W& /E
B—REETEY T /KR P IRES R o AR *‘)Sh_ R PL = [ (O BRRE S0 B S I M — b SRR S 0
FALEEE S, WA T C0 Y N** & F3EREIE M) /6 BRAE AL A T EFTE M ] x 100% .
HE G154 A [B] 1 S8 8 7™ A4 (A R RO, -5k 3% AT R Cr" NI I X LR R R
EAREL G N B—RE SRS RE, U EXEER, REFEEEE(U) mE Tk
RS RN iﬁiﬁ?fe%ﬂt%Agﬂ%_Lm I+ &(AU) AU = (Ug,y - Ux) = (U - Ug) -
WHEERE GO N RARBEEIREKE. (U -Ug), XU, s H—FEWECO" N EE
- R AbFE A B TE M U, Ml Uy, AH NI EE R C° " AN
: Mﬂﬁﬁlf Ni** B ACPE + SR EE 15 M ; U X BEAL 28 i + 3 16
1.1 itk T B AU =0, 1) Cr“arrn Ni** 2 6132 B in A0 A
FHRY) E R B MK L, RAEEALK  m.Aau>0, 0 C3* A N2 2 2 H 8 U EAE F
FHEASRRA. £30 m 30 m AEABES & Ay<0, Wl O F1 N 2 W EI LR
FURTERSE AL, B SORER 0 ~20 em H9R7HE 15 10 X6 B HE S A Microsoft Excel 2003 43, % F
kg, RIS Feim BRI 5, BHE L 2 mm T 488 Spss 16. 0 3F45 97 224347
H. T A AT . pH 5. 27, A HLE 13. 26
g kg ' HE 1.44 g+ kg ' ,CEC 5.06 cmol - kg™, 2 zﬁ%sﬁ*ﬁ
BB 26.60 mg - kg™, BER 15.70 mg - kT HRL 2.1 Cr't N B— RS SR KE T REEY
( <0.002 mm) fi&4r%7 38. 70% . LA
1.2 #EFE h3e 1 A1, & A B pY IR B 05 PEpE & 35 55
Cr” Ni*" B — bR E 4 K, 5000 B A B4 T 5225 FH i i R s it 5 % BR A b, %%
(CK) 100 ( Cr100 & Nil00) ,250 ( Cr250 % Ni250) ¥k Cr'* Ni2* M 2 kb S 4 SR RS 1E M 41
1500 Cr500 B NiS00) mg - kg™ ;Cr - Ni EA15Y  REEE LIRS 6 (0 E K SR MK a%E. ¢ F N
AEFE A Crl00 + Nil00 . Cr100 + Ni250 .Cr100 + Ni500, H—is5duhghsirh 5 CK #H I, B T 1% ok BE 42 ( 100
Cr250 + Nil00, Cr250 + Ni250 , Cr250 + Ni500,Cr500 mg - kg~ )ﬁﬂ@aiﬂﬁi@ A —CEGEERZ 4,
+Nil00, Cr500 + Ni250, Cr500 + NiS00, A&l Cr Ni  H&Z 15 Rk Vi 4 8 1% IR B 15 M 72 AR R ) R
T, BAMER 4R BELRE GO NCUMRELIE  EA0mEI/E R, 2 e 280 1860 IR 58 15 32 30
S TW%*H’E 1A B & K. IREG IS AR AR A Wﬁﬁ
FREU100 g 3 2 mm GRAA 1 4E, F 500 mL  FEEE SR MmN, B 500 mg - kg™
R SR . IR R TR SR L IMA AR G I N S TS 7 d kB BAE, 489 H
WM Cr N BB, RBEAERET HEAKSE 0.05F10.09 mg - g', MEIRALE 84 d kT B K
60% M EKE. FHEBE24 h G5, BEHEEHEE MH. Cr-NE&BRYd, 5 CK A L, B EFEH D
T(28 +1) CHMERIFFRFE D, IFREEER3 d A SO0 HEREETE S B F R, 7 G500 +
T1IREFADUARFE BB, BN ERIRRFE NS0 A T4 28 d AT R K{E 0.02 mg + g~ ;W
2168 d,7r A T557.28.84.168 d Bkl @ 38R HIRABB K. AT E S B W IE F A R 55 725 (8]
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Tab.1 Urease activity in paddy soil with different levels of heavy metal treatments
7 d 28 d 84 d 168 d
b3 REIE 1L/ | 2% st/ HEAES RE 1/ 10 il 28 RIS/ 1
(mg«g™') (PI)/% (mg-g™") (PI)/% (mg-g™") (P1)/% (mg- g~ (PL)/%
CK 0.16 +0.01abe 0.00  0.19+0.01b 0.00  0.47 £0.05a 0.00  0.55+0.00a 0. 00
Crl00 0.17 +0.02a -6.25  0.16 £0.01bc 15.79  0.27+0.07bec  42.55  0.33+0.02bc  40.00
Cr250 0.10 +0.03f 37.50  0.16 +0.02¢ 15.79  0.27 £0.06bc  42.55  0.32+0.0lbc  41.82
Cr500 0.05 +0.00h 68.75  0.10£0.01d 47.37  0.10 £0.08f 78.72 0.26+0.04cd  52.73
Ni100 0.17 +0.01ab -6.25  0.2520.02a  -31.58  0.27 +0.06b 42.55  0.64+0.18a  -16.36
Ni250 0.15 +0.02bed 6.25  0.18 £0.02bc 5.26  0.28 +0.10b 40.43  0.35+0.10bc  36.36
Ni500 0.09 +0.01fz 43.75  0.16 £0.00c 15.79  0.24+0.02bed  48.94  0.30+0.11bc  45.45
Crl00 + Nil00 0.14 £0.02cde 12.50  0.17 £0.00bc 10.53  0.25:0.04bc  46.81 0.34 +0.08bc  38.18
Crl00 + Ni250 0.15 0. 02bed 6.25  0.15+0.0lc 21.05  0.25+0.0lbc  46.81 0.35+0.02bc  36.36
- Crl00 + NiS00 0.12 £0.0le 25.00  0.10 £0.05d 47.37  0.18£0.04cde  61.70  0.40 £0.07b 27.27
Cr250 + Nil00 0.14 +0.00de 12.50  0.11 £0.04d 42.11 0.26 +0.04bc  44.68  0.27 £0.05¢d  50.91
Cr250 + Ni250 0.12 +0.0le 25.00  0.11£0.02d 42.11  0.22:0.07bcde 53.19  0.27+0.0led  50.91
Cr250 + NiS00 0.12 £0.01e 25.00  0.06 +0.0le 68.42  0.21 £0.02bcde  55.32  0.32+0.03be  41.82
Cr500 + Nil00 0.09 +0.01fg 43.75  0.10+0.02d 47.37  0.16 £0.02def  65.96  0.28 +0.0led  49.09
C1500 + Ni250 0.07 +0.02gh 56.25  0.03 +0.00f 84.21 0.20 +0.02bede  57.45  0.18£0.02de  67.27
C1500 + Ni500 0.07 £0. 02gh 56.25  0.02 +0.01f 89.47  0.15£0.02¢f  68.09  0.16 +0.0le 70.91
1) BRI BEEARA NI BEFHEMEA,LFTE0.05 KFEFRREF(n=4,Duncan’s k).
F2A[H,8 7 d, % Crl00 + Ni100  Cr100 +  Z ;%6 84 d, ir A B A5 b B B H 58 5 ) T[]
Ni250 ZhHR AU <0 b, EARE G5 b TR MR eSS 168 d, B KW Ni** (100 mg - kg™')
1 CPt 5 NPT RSB REER, B O R 3 ANEATS AL AU <0, KA E &5 Jeab 43
Ni** [FIBTEERT B ERE K T UM R E an R HBSRA HFEEH
TPAERT R 055 28 d, LR E A5 4t 2.2 Cr'" Nit"— &’E iT S X 7K F8 T BR 1 BRER
B AU /T 0, H AU B/, B G 5 N B & g i 1 1Y) 2 Ml
TSRS W EDIER, B Cr* HI Ni** [Rl 7248 R ERN(FE3), AN COT N BT, K
B RN TR AT R B a3 LR BRI R ML TS 0L 5 IR B AH (0. K244t
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Tab.2 Net change of urease activity in paddy soil with Cr- Bet, BR TAIRHCE NiT7 (100 mg - kg ) R KA L BR
Ni combined treatment in different incubation time Jﬁ%ﬁ i T TE {73?,%%)] : ﬁz— E% i) ﬁ{ﬁ ﬂz*‘ <
. R A1 LB (AU)/ (mg - ') i't éﬁmjgif{g%kgfizﬁﬁg Eﬁf} g’;;
7 d 286d 84 d 168 d ? =£.
Crl00 +Nil00  -0.04 -0.05 0.18 -0.08 4 R S B 1 T R R T W ER N T 1 25 4E 500
Crl00 + Ni250  —0.01 0.00 0.17  0.22 mg - kg™ Cr’* F1 Ni** V5 e /K 5 32 B Ay 3 i 7E
Cr100 + NiS00 0.02 -0.03 0.14 0.32 O, BTG PEA B FESE 7 #1168 d 1K Bl AR{H 1. 47
Cr250 + Nil00 0.03 -0.11 0.19 -0.14 FM2.07mg-g . Cr-Ni 8755y, 5 CK ik,
Cr250 + Ni250 0.03 -0.04 0.14 0.15 K& Cr100 + Ni500 Z-FRES 168 d B R M 1 Bk Bl 075 i
Cr250 + Ni500 0.09 -0.07 0.17 0.25 RSN | & b T A B TE 1 B R BB BE A RR AR, 3
Cr500 + Nil100 0.03 -0.06 0.26 -0.07 7E Cr500 + NiS00 4 T 58 168 d A B HfIL{H 1. 01
Cr500 +Ni250 0.03  -0.06  0.29 0.12 mg - g~ ', WEHRGAB R EHRESBEREM
Cr500 + NiS00 0.09 -0.05 0. 28 0.15 MR FERT ] T, B v B BR B VS &fmfkﬁug MR B
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Tab.3 Acid phosphatase act1v1ty in paddy soil Wlth dlfferent levels of heavy metal treatments
R 28 d 84 d ECY

o Wi WEE O WIS Bk BRER WRR BER A

~ (mg-g™') (P)/%  (mg-g™') (PI)/%  (mg-g”') (P)/%  (mg-g”') (PI)/%
CK 2.85 £0.28ab 0.00 2.72 £0.08ab 0.00 4.58 +0.20a 0.00 3.45 £0.23b 0.00
Cr100 2.85 £0.32ab 0.00 2.83+£0.09a -4.04 4.33 £1.03ab 5.46 3.22 0. 15b 6.67
Cr250 1.79 £0. 26cd 37.19 2.31 £0.22¢ 15.07 3.72 £0.64bed  18.78 3.21 £0.12b 6.96
Cr500 1.47 +0.28d 48.42 2.06 +£0.34d 24.26 2.88 0. 34efg 37.12 3.15+£0.42b 8.70
Ni100 3.40 £1.45a -19.30 2.79 £0. 15a -2.57 4.00 £0.47abec  10.70 3.26 +0.56b 5.51
Ni250 2.37 £0. 14bc 16.84 2.79 £0.03a -2.57 3.18 £0. 16defg  30.57 2.09 +0.34c 39.42
N1500 2.42 +0.39bc 15.09 2.63 +0.08ab 3.31 3.11 £0.19defg  32.10 2.07 £0.35¢ 40. 00
Cr100 + Ni100 2.61 £0.22b 8. 42 2.75 +0. 10ab -1.10 3.76 £0.59bed  17.90 3.21 £0.19b 6.96
Cr100 + Ni1250 2.42 +0.24bc 15.09 2.69 +0.23ab 1.10 3.45 £0.29cdef  24.67 2.98 +0.49 13.62
Cr100 + Ni500 2.35+0.17be 17.54 2.60 +0.08ab 4.41 3.63 +0.19bede  20.74 4.13 +0.28a -19.71
Cr250 + Ni100 2.46 +0.07hc 13.68 2.68 +0.07ab 1.47 3.27 £0.30defg  28.60 3.13 £0.39b 9.28
Cr250 + Ni250 2.63 £0.08b 7.72 2.50 £0.05bc 8.09 3.15 £0.37defg  31.22 2.39 £0. 70¢ 30.72
Cr250 + Ni500 2.38 +0.07bc 16. 49 2.37 +0.09c 12. 87 3.27 £0.29defg  28.60 3.17 £0.29b 8.12
Cr500 + Ni100 1.54 +0.06d 45.96 2.36 £0.03c 13.24 3.00 £0.54defg  34.50 3.33 £0.63b 3.48
Cr500 + Ni250 1.75 £0.26cd 38.60 2.01 £0.21d 26. 10 2.63 +0.38f¢ 42.58 1.39 +£0.42d 59.71
9r5004+ N1500 1.34 +0.28d 52.98 1.58 +0.17e 41.91 2.49 +0.88¢ 45. 63 1.01 £0.29d 70.72
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Tab.4 Net change of acid phosphatase activity in paddy

soil with Cr-Ni combined treatment in different in-

cubation time

fh AR BER B BB (AU)/(mg - g7')

B 7d 28 d 84 d 168 d
Cr100 + Ni1100 -0.79 -0.15 -0.08 0.18
Cr100 + Ni250 0.05 -0.21 0.52 1.12
Cr100 + Ni500 -0.07 -0.14 0.77 2.29
Cr250 + Ni1100 0.12 0.30 0.04 0.11
Cr250 + Ni250 1.32 0.12 0.83 0. 54
Cr250 + Ni500 1.02 0.15 1.02 1.34
Cr500 + Ni100 -0.48 0.23 0.61 0.37
Cr500 + Ni250 0.76 -0.12 1.15 -0.40
Cr500 + Ni500 0. 30 -0.39 1.08 -=0.76
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V5 Qe Ab BKRS o EAL SRS TG HE I S R L AR bR AT e B m oL 8 AL SR 1S PRI ) R B 2R T H At

%, SERYEBEFREEIS YEAH(DL, ;X 32 0H 3 Ml rp, 2 AP0, 3 A T IEBRVE MR R KRR A . IR A >
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Tab.5 Catalase activity in paddy soil with different levels of heavy metal treatments
74d 28 d 84 d 168 d o
Ab A BT PR/ R Al 75 1/ KBS T 74 ] = R TE M/ 2
(mL-g™") (PI)/% (mL-g™") (PI)/% (mL+g™") (PI)/% (mL+g™") (P1)/%

CK 0.83 £0.00a 0.00  0.87 +0.03a 0.00  0.97+0.0lab 0.00  1.13 £0.05ab 0. 00

Crl00 0.71 £0.05h 14.46  0.82 +0.03b 5.75  0.95:0.0lbed  2.06  0.99 +0.07cd 12.39

C1250 0.62+0.05de  25.30  0.72+0.03d 17.24  0.95+0.0lcd 2.06  0.86 £0.09ef 23.89

Cr500 0.50 £0.07¢ 39.76  0.57+0.03fz  34.48  0.95+0.0lbed  2.06  0.83 0. 15¢f 26. 55

Ni100 0.66 +0.05bed  20.48  0.89+0.0la  -2.30  0.97+0.0la 0.00 1.24+0.0la -0.73

Ni250 0.69+0.05bc  16.87  0.87 +0.0la 0.00  0.96+0.0labe 1.03  1.13 +0.06ab 0.00

Ni500 0.65+0.0lcd  21.69  0.66 +0.04e 24.14  0.9520.0lbed  2.06  1.06 £0.06hc 6.19

Crl00 + Nil00 0.71 +0.01b 14.46  0.80 +0.02bc 8.05  0.96 +0.01ahc 1.03  1.14+0.0lab  -0.88

Crl00 + Ni250 0.57 £+0.02¢f  31.33  0.78 +0.0lc 10.34  0.94 :0.01d 3.09  1.1020.01he 2.65

Cr100 + NiS00 0.56 +0.00f 32.53  0.82+0.01b 5.75  0.91+0.0le 6.19  1.09 0. 04bc 3.54

Cr250 + Nil00 0.57+0.0lef  31.33  0.57+0.0lfg  34.48  0.91 +0.0le 6.19  0.9420.06de  16.81

Cr250 + Ni250 0.53+0.04f¢  36.14  0.54+0.0l1gh  37.93  0.91+0.0le 6.19  0.81+0.07f 28.32

Cr250 + NiS00 0.56 +0.01fg  32.53  0.59 +0.02f 32.18  0.91+0.0le 6.19  0.68 +0.01g 39. 82

Cr500 + Nil00 0.42 0. 04h 49.40  0.40+0.01i 54.02  0.92+0.0le 5.15  0.38+0.13h 66. 37

C1500 + Ni250 0.42 +0.04h 49.40  0.53+0.01h 39.08  0.91 +0.01e 6.19  0.47 +0.08h 58. 41

Cr500 + NiSOO  0.44 0. 03h 46.99  0.31x0.01j  64.37  0.88+0.02f 9.28  0.13 +0.10i 88. 50

1) ﬂﬁléi%)é)‘b;zﬁ A~ ) '%—j-ﬁbfﬁlﬂ%‘ A7 0.05 ?K-T*féfr-mﬁ_%(n 4 ,Duncan’s k).
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PRIRT 0,100 Cr - Ni E 575 8RB —Erth E%J 3ANESBIAE AU S0, Hih CP* FINET B4
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