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Effects of Cr*" on soil enzyme activity

ZHANG Guo-qing* s HE Wen-xiang*, LU Jia-long*, WEI Ge-hong”
(a College of Natural Resources and Environment ,Key Laboratory of Plant Nutrition and the Agricultural Environment in

Northwest China s Ministry of Agriculture;b College of Life Sciences s Northwest A& F University ,Yangling , Shaanzxi 712100, China)

Abstract: [Objective] The effect of Cr’*" on activities of soil urease and dehydrogenase was studied to
screen the enzymology indicators for soil Cr’" pollution and the main factors influencing the relationship
between enzymes and Cr’". [Method) Using laboratory simulation method, we studied the effect of Cr’* on
activities of soil urease and dehydrogenase in 18 typical soil samples collected nationwide. [Result)] Cr*”
generally inhibited the activities of urease and dehydrogenase with significant or extremely significant rela-
tions. The reaction was complete inhibition (including competitive inhibition and noncompetitive inhibi-
tion). The critical pollution concentrations of urease and dehydrogenase were 16. 38 and 4. 32 mg/kg re-
spectively , which were lower than the second level of national standards. [Conclusion) To a certain extent,
activities of soil urease and dehydrogenase can be used to characterize soil Cr’" pollution. The soil pH and
organic matter were the domain factors deciding the effects of Cr’" on activities of soil urease and dehydro-
genase,respectively.
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+ A 2. 5107 hm® , Horp 3z 3 &5 4L (1 1 b
It 7X10° hm* ™, 855K HE AR U K TE e
JLE L HFERG 4 T R 2R =R
Y571 e A EE 30 [ B A AR I 43 77 A (35 ~42)
T, S Lg% A& RN 104~ 3 015
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Table 1 Physic-chemical properties of 18 soil samples tested
Rt 'ﬁ‘ﬁﬁ/ % ’EE/ £ @%f %@F{
Soil samples pH (g-keg™ D) (g+kg D (g kg™ D (g kg )
OM TN TP TK

WP £3% Red soil in Hunan 4.90 15.52 1.14 0. 47 15. 26
VLVG 215 Red soil in Jiangxi 6.01 11.69 0.51 0.52 9. 96
Z M ARLLIE Latosolic red soil in Yunnan 5.92 34.26 2.01 0.81 4.77
H K2 + Purple soil in Chongqing 5.74 17.48 1. 00 0.55 22.61
i T HE Brown soil in Liaoning 5.74 25. 84 1. 00 0.73 23.94
LR AR EE Yellow brown soil in Anhui 6.25 20. 04 0.99 0. 35 15. 41
7 #2 + Black soil in Jilin 6.82 32.85 1.75 0. 35 24.58
Mg+ Black soil in Heilongjiang 6.27 35. 69 1.74 0.48 24.70
VLI585 40F + Wushan soil in Jiangsu 6.93 47.69 2. 44 0.69 21.03
Hrim K E £ Grey desert soil in Xinjiang 8.12 19. 43 1.32 0.78 25.49
111 75 #5 1 Cinnamon soil in Shanxi 8. 24 23.17 1.13 0.95 23.70
N 52 3545 + Chestnut soil in Inner Mongolia 8. 80 16. 30 0. 96 0. 38 26. 40
H il #E I + Anthropogenic-alluvial soil in Gansu 8. 37 19. 27 1.05 0.74 23.62
Bk 7 % + Lou soil in Shaanxi 7.90 16. 49 1.36 0.98 24.37
11 % 1] + Moisture soil in Shandong 8. 65 11. 84 0.93 0.97 21.37
Wl B i 4 Moisture soil in Henan 8.07 17.79 1.07 0.75 19. 86
W Jb i+ Moisture soil in Hebei 7.98 8.57 0.68 0.53 24. 22
KL #F £ + Seashore saline soil in Tianjin 8.29 22.02 1.42 0.92 24.63
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%K 1 Continued table 1
R Wﬁ?ﬁ/j E&i%z ﬁ?ﬁ/ﬁiz Fﬁﬂ%i?ﬁ?/ Bk Y
Soil samples (mg* kg™ 1) (mg « kg™ 1) (mg * kg™ 1) (cmol‘-‘lig D) Clay
AN AP AK CEC
W8 21 Red soil in Hunan 10.17 8.39 93.02 10. 85 42.91
VL VG 215 Red soil in Jiangxi 9.39 28. 89 183.42 8. 70 36.51
7T AR 41 HE Latosolic red soil in Yunnan 25.48 31.46 223.19 11.10 27.52
K2 + Purple soil in Chongqing 11.65 18.56 94. 82 21. 34 24.96
iL T4 8E Brown soil in Liaoning 8.01 32.95 94. 82 12.19 17.32
LR AR EE Yellow brown soil in Anhui 12.15 9. 60 112.90 19.08 16. 84
£ b 4 Black soil in Jilin 8.11 28.39 167. 14 31.11 30.18
My 71 M + Black soil in Heilongjiang 8.57 19.19 145. 45 28.59 19. 33
YL %+ Wushan soil in Jiangsu 10. 66 11.74 112. 90 26. 20 45. 94
FHE K+ Grey desert soil in Xinjiang 5.27 10. 44 299. 13 25.25 9.57
111 7548 + Cinnamon soil in Shanxi 3.95 13. 36 136. 41 16. 80 17.74
N 52 3545 + Chestnut soil in Inner Mongolia 5.02 7.01 177.99 11.61 10.51
il #E 9t + Anthropogenic-alluvial soil in Gansu 17.69 12. 46 246. 70 11.23 6. 66
[ 7 % + Lou soil in Shaanxi 7.89 11. 62 120. 14 22.37 26.01
11 45 + Moisture soil in Shandong 2.76 25. 34 76.74 13.09 17.11
VAl B i 1+ Moisture soil in Henan 5.50 13.42 91.21 16.01 18.18
[t - Moisture soil in Hebei 6.65 6.11 98. 44 8. 12 10.50
K #F £ + Seashore saline soil in Tianjin 6.57 27.75 290. 09 24. 67 7.59
R 2 AAHRIHEHRFINN &2
Table 2 Cr’" contents in the soil samples tested mg/kg

b +#¢ Soil samples
Treatment WPk + 3 Acid soil WPk 44 Neutral soil M+ Alkaline soil
C; (CK) 0 0 0

C, 50 50 50

Cs 112.5 150 187.5

C, 150 200 250

Cs 500 500 500

Ce 1 000 1 000 1 000

Cy 1 500 1 500 1 500

Cs 3 000

3 000 3 000

2 ZER 558

2.1 Cr' 3 T EAREEE N2

IR I 2 — 7K A DR 25 RE R A il S, EL O s AR
BRI FE BF R AR, WK 3 TLE
L TZEXS IR FR(Cr' &80 0 mg/kg) . =R L AE
F180 UK 605 P o i, A 40,76 g/ (g oo b HEAY T RE IR
WG PE N 1. 44~22.16 pg/(g » b, ZRLEFERIIR
it V3% PR 5 /0N o T2 SR TR R 2 R R A L BT A KL
P B 3 T g R A
PUBT RN RS RL | DL -6 58 5t &2 4 1K F0 G- AL JC AL
HAEWEIRAXFE . ARBFEAH s R Bos .,
A DR TS VA GBS A A R AR T W IR A G,
1717 5 Al 24 1 S5 8] 79 A OGP A 38 3] i K
X FEE W TR 5 08 T R b XA R 2
AU L3, HAR R PR EE 45 B B g 22 55 AT 2 3 1
8 JUR 8 %) R AOE 7 A I G AR Ak K 5 R SCRE AR G B
RAR .

JMA 50 mg/kg Cr*" (C J5 . il 7. REM =
R R RESN Ay 15 A - FE 0 R il 5 2 5 6 BE A E 3
LT R [RIRR JE WRAG  [RE h 1260 ~ 48 %0, 38 /R Ak
b Cr B R T R ERRE A TR, 2 O s
IR 3 3 B 5 bR i (Cy) B B 7 F DR R
o = NS A N R e o = SN T 1RO 1% e o = S NP
A 13 A R IR R VR MY B REAC, R E R
13%~56% , Be 1Y 48 Cr'' ¥5 YL 35 3 B % — Kbz
YER A BB ST R O

XA, Y Crf S EB A 3 000 mg/kg
B CCo) o R | rh M R0 - 98 U I 1% 1 B35 Wt 43 301 S
75%~100%, 87% ~100%,18% ~44% .45~ &
PEF P 89 b IR B X Cr® T B0 SR G B 4 g
BB

KH U=a/(1+bXC) BRI 1 35 Bk B 75 1
U5 Cr'" FROBMLERIFUE R GE
O R BROBEE RS A R AR R IR EE S M S
Cr'" Fr R B8 T 5 2 sl i 25 1A OC , 3% W IR i



134

(Rl i N N e o TG e 2

542 %

T — R L] R AE 8 Cr° s e AR, B
HUHE Ay 5 4400 ) CEOL 46 5 5 Pk 400 ) R AR 58 4k 41 1D
'ﬁzﬁﬁ #*E*E_t **ﬁil+%:j:j%ﬂqﬁzzu}lu% ED,,

(%:2 4>ﬁﬂ<v '” %HEF‘ @i%ﬂﬁ% EDloj‘:’ 16. 38~
213.50 mg/kg., Mifs P H3E MR EFAY EDy, 418, 88~
2 183. 20 mg/kg, 3 A MR 14 + 48 vh 4% 14 B3 14 B8 i, %o

Note: Different uppercase letters in each row mean significant difference at P=5% level. The same for Table 5.
x4 FEATEREBEEOS P EEOMMAFTE

Table 4 Regression equations between soil urease activity (U)and Cr’"

content (C)

- Sl 08 PR AR 10 201, 13 42 E’J’;‘ﬁ?i SAPE DR M A S e B
TIE A= 38 5% B 5 gl B ARG Y W W I B D L 4
5§ 3 Cr”i’]‘TﬂiE%ﬂﬁ’(@E:ﬁ'ﬁE’JE‘ﬂﬁ
Table 3 Effects of Cr’" on soil urease activities png/(g+h)
Soilfaﬁples C; (CK) C, C; Cy Cs Cs Cy Cs
W 21 5 Red soil in Hunan 6.06 a 5.70 ab 5.75 ab 5.30 be 4.98 ¢ 3.38d 2.62 e 1.53 f
VLVG 21 5E Red soil in Jiangxi 3.88 a 3.40 b 3.13 ¢ 2.57d 1.96 e 0.98 f 0.54 g 0.00 h
7~ B 7R 213 Latosolic red soil in Yunnan 40.76 a 40.98 a 39.80 a 35.64 b 32.92 ¢ 29.64 d 25.77 e 11.41 1
TP %0+ Purple soil in Chongqing 1.44 a 1.32 ab 0.94 b 1.08 ab 0.38 ¢ 0.00 ¢ 0.00 ¢ 0.00 ¢
i T HEHE Brown soil in Liaoning 4.53 ab  5.24 a 5.24 a 5.34 a 3.42 be 2.2 ¢ 0.18 d 0.00 d
LR FEHE Yellow brown soil in Anhui 2.20 a 1.14 b 1.18 b 1.01b 0.63 be 0.00 ¢ 0.00 ¢ 0.00 ¢
T M 4 Black soil in Jilin 5.51 a 4.10 b 4.03 b 3.89 b 3.71 b 2.39 ¢ 1.89 ¢ 0.48 d
My VT M 4 Black soil in Heilongjiang 6.96 a 6.89 a 6.37 ab 6.80 a 5.48 b 3.49 ¢ 2.33d 0.90 e
VL 75 2 M+ Wushan soil in Jiangsu 5.89 a 4.98 b 4.33 b 4.62 b 3.47 ¢ 2.64 d 2.04d 0.26 e
i K+ Grey desert soil in Xinjiang 8.03 a 6.89 b 6.08 c 5.92 ¢ 5.95 ¢ 5.56 ¢ 5.61 ¢ 5.98 ¢
111 75 #3 + Cinnamon soil in Shanxi 11.86 a 11.41 ab  10.81 abc 9. 86 bed 9.46 cde 8.92 de 8. 77 de 7.98 e
P52 %45 1 Chestnut soil in Inner Mongolia  22.16 a  19.94 bc  20.37 b 18.99 ¢cd 18.18 de 17.46 ¢ 16.10 f 14.60 g
E!i%)iﬁinicalluvial soil in Gansu 16.88a 15.45b 14.91 bec  14.51 be 13.88 ¢ 12.22 d 11.07 e 9.50
B G 2% 1 Lou soil in Shaanxi 16.83a 14.64 b 12.49 ¢ 12.19 ¢ 12.23 ¢ 10.53 de  11.77 cd 10.19 e
11 45 + Moisture soil in Shandong 7.00 a 6.32 be 6. 34 be 6.50 ab 6.12 be 6. 04 be 6. 14 be 5.73 ¢
] 74 18 + Moisture soil in Henan 9.44 a 8.30 b 7.60 ¢ 7.39 ¢ 7.04 ¢ 6.15 d 5.87 d 5.92d
Wk + Moisture soil in Hebei 7.11 a 6.67 ab 6.39 ab 5.73 cd 5.39 de 4,65 e 4.69 e 4.57 e
KM £ + Seashore saline soil in Tianjin ~ 12.53 ab  13.60 a 12.43 ab  13.06 a 11.66 b 11.69 b 11.57 b 9.80 ¢
T - [T B 5 A AN ) 5 B 2 R0 22 57 3 (P<<0. 05) . 3R 5 [l

T

Soil samples

EUSE W

Regression equation

Correlation coefficient

EDyy/(mg -+ kg™ ")

W 27 3 Red soil in Hunan

VLVG 404 Red soil in Jiangxi

=M IRZL3E Latosolic red soil in Yunnan
P+ Purple soil in Chongqing

il TAE4E Brown soil in Liaoning

LI ARE Yellow brown soil in Anhui

T AE + Black soil in Jilin

MYy V1.2 + Black soil in Heilongjiang

VL7 24+ Wushan soil in Jiangsu

Frim K+ Grey desert soil in Xinjiang
1175 #5 £ Cinnamon soil in Shanxi

N5 8245 1+ Chestnut soil in Inner Mongolia
Hil #E 9t + Anthropogenic-alluvial soil in Gansu
B VS % 1+ Lou soil in Shaanxi

11 & 1 + Moisture soil in Shandong
R £ Moisture soil in Henan

L + Moisture soil in Hebei
KA g Eh + Seashore saline soil in Tianjin

U=6.11/(147.92X10"* X O
U=3.92/(1+2.86X10 3XC)

U=41.26/(1+5.20X10~
.546/(1+5.30X107% X )
.60/(1+1.77X10
L07/(1+7.26X1073 X )
L98/(1+1.18 X103 X ()
L45/(1+1.12X1073 X O)
.64/(1+1.40X10
.63/(1+8.06X107° X ()

| | (| I | [ A
— o 0 O = e — o SIS \CRE S, B
§ S =

QCQCCCQ%QCQCQCQ

ul
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e

EXO)

IXO)

IXO)

.03/(14+1.68X107 4 XO)
.57/(141.63 X107+ XO)
.88/(14+2.65X10 *XO)
L17/(14+1.81 X107 X O)
52/(1+5.09X107° X O
26/(14+2.20X107* X0

.51/(1+2.32X107* X O
2.96/(1+1.04X1075XC)

—0.
—0.
—0.
—0.
—0.
—0.
—0.
—0.

99~
99 *

*

*

97 * *

97~
93~
96 *
96"
97~

. 98"
.50
.89
.94~
.98~
L4
L78"
. 84*
.86
.92

*

*

*

*

*

*

140.
38.
213.¢
22.
62.
16.
94.
99.
79.

662.
681.
418.
612.
2 183.
.75
478.
1073.

36
90

86
92
38
12
42
34

43
02
88
71
20

40
06

HHME n—2=6,r05=0.707 19,01 =0. 834, 3 6 [d].
Note: Freedome n—2=6,r9. 05 =0. 707 s 1501 =0. 834. The same for Table 6.
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HeJ5 . n] gk - e B AT E  Cr' " W B LR pH A9 T
o TR DT E TR pH B T i s, & pH R,
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AEZSTET
2.2 Cr AR EHRSEEENIZMm

- I S S RAE A YGRS .
5 AT LA X BRAR B A, S [] 26 Y+ 58 i) e S g
T 22 AR KL L 2R R R R A T A
5398 0,89 Fl 1. 01 pg/ (g « h) s % B # HE 1Y I
Hah 2,17 pg/(g s ). Y Cr'" ik 50 mg/kg
(ODIIS TR /F N | NI o o = 0] e

TG M A7 BN R R O . X i O e AR i
KHBAYTE L T A2 WM PR 4% A W T AR A i Y 45 4
A — 2 DI REAE Y s Ay 14 A R R B A
il 355 P 28 A ARG L [ g 320 ~ 68 0L # o Cr® " X i &
it A 40 A

M Cr' 5 YKk B R bR i (CoO L BR
WIRE 2 B L7 R DRI Rk A DA R R R R
A BE AR SR A 12 A TR Y B SRS 1 )
AR FRIR R 920 ~85% 48R H R HE Cr' ' 5 YLik
FE 5 bR vERE, Cr' ™ X 4 8 I S0 5 1 14 5% iy
Wi - 498 2% AU RN 0 A [R) A 25 S, 2 BN £
JIst S0 R SR R R 0 TS G bR v R L™
K& B DR R FE 3 A VR BE T A 14 B 1 1 Sl 0 O
WA Z 2N

X AR, Y C't 5 Y KB & 1500
mg/kg (C;) B, PR R R M 4 18 JIt &l 0 Pk B IR T
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Table 5 Effects of Cr’" on soil dehydrogenases activities ng/(g+h)
Soilfaﬁples C; (CK) C, C; Cy Cs Cs Cy Cs
W 214 Red soil in Hunan 1.14ab  1.08b 1.22a  1.15ab  0.77 ¢ 0.57d 0.45 e 0.27 f
VLVGZL3% Red soil in Jiangxi 1.54 a 1.27 b 1.26 b 0.98 ¢ 0.52 d 0.17 e 0.15 e 0.15 e
7~ P IR 203 Latosolic red soil in Yunnan 1.16 a 1.02 b 1.13 a 1.18 a 0.85 ¢ 0.41 e 0.55d 0.05f
K% (% + Purple soil in Chongqing 1.38ab  1.35ab 1.47a  1.31b 1.13 ¢ 0.85d 0.13 ¢ 0.57 f
i T HEEE Brown soil in Liaoning 1. 28 be 1.43 ab 1.32 abc 1.48 a 1.22 ¢ 1.31 be 0.63 d 0.23 e
LR FESE Yellow brown soil in Anhui 2.17 a 0.70 b 0.57 ¢ 0.50 d 0.21 e 0.24 e 0.27 ef 0.16
MR + Black soil in Jilin 1.46 a 0.69b  0.52c  0.49d 0.21d  0.23d  0.19d 0.11 e
MLV ME 4 Black soil in Heilongjiang 1.64 a 0.77 b 0.56 ¢ 0.47 d 0.25 e 0.26 e 0.21 e 0.11 f
VLA 54+ Wushan soil in Jiangsu 1.86 a 0.68 b 0.55 ¢ 0.47 d 0.22 e 0.27 f 0.22 f 0.11 g
B K+ Grey desert soil in Xinjiang 2.09 b 2.30 a 1.77 ¢ 1.69d 1.28 e 0.88 f 0.69 g 0.49 h
117545 £ Cinnamon soil in Shanxi 1.36 a 1.41 a 0.89 b 0.69 ¢ 0.75 ¢ 0.48 d 0.35 ¢ 0.21f
P %2545 - Chestnut soil in Inner Mongolia 2,12 b 2.38a 1.79¢  1L.7lc 1.28d  0.88¢ 0.69 f 0.49 g
E}‘iﬁjﬁlﬁiinicfﬂluvial soil in Gansu 1.96 a 1.64 b 1.26 ¢ 1.32 ¢ 1.10d 0.76 e 0.59 f 0.27 g
BV #% + Lou soil in Shaanxi .14 a 1.85 b .56 ¢ 1.39d .22 e 0.80 f 0.63 g 0.28 h
11 41 + Moisture soil in Shandong .89 a 0.65b .48 ¢ 0.59 b .46 ¢ 0.43 ¢ 0.20 d 0.04 e
0.97 b

WAL 1+ Moisture soil in Hebei .07 a 0.98 b

2

0
5 # + Moisture soil in Henan 1.01 b

1
K £h + Seashore saline soil in Tianjin 1. 10 ab 1. 03 be

.04 ab  0.98 be 03 ab 0.90 ¢ 0.81d 0.43 ¢

1 1
0 0
1.14 a 0.98 b 1.03 b 0.89 ¢ 0.80d 0.45 ¢
1 1.
1.16 a 1. 03 be 1. 08 ab 0.97 ¢ 0.86 d 0.48 e

K U=a/ (146X C) AL XF 4 18 i &l 15 7
(M5 Cr RO MR RITUE R GE6)
WA LR ERTE S CrF FE R RN R
UM O 48 R S O T T A — o R R A
+HEZ O s R . RIS R sk £
e Crt 5 Qe A 8 R i ED, 858 (3 6) BoR .

PR P T R EDy 2 Bk 27, 34~190. 21,
4.32~9.04,47. 82~394. 12 mg/kg, A %1 34 43 ik
P8 EDy B 1 Wk A b opE 4 U I R+
6 v B SR Cr® 1 SO b 7 Bt A b B AU,
AR 45 55 /) S5 UK A S0 A5 D 4. 32 mg/kg fE
Jg 8 Cr 52 B 5 G (1 I A8 . VR LB R 58 4 3l
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Table 6 Regression equations between soil dehydrogenases activity (U)and Cr’" content (C)

i Mank L MREEpp g kg D
Soil samples Regression equation Correlation coefficient
W 215 Red soil in Hunan U=1.22/(1+1.07X10 3 X 0.98** 104. 12
VLV 41 5E Red soil in Jiangxi U=1.58/(14+4.06X10 3X(C) 0.99** 27.34
2 M 7R 4T 3 Latosolic red soil in Yunnan U=1.22/(1+1.23X10 3 XC) 0.94** 90. 40
K%+ Purple soil in Chongging U=1.49/(14+1.01X107° X ) 0.89** 109. 63
i T HEEE Brown soil in Liaoning U=1.47/(1+5.84X10*XC) 0.87** 190. 21
LR AFEE Yellow brown soil in Anhui U=2.14/(1+2.57X102XC) 0.97** 4,32
7 #R I+ Black soil in Jilin U=1.40/(1+1.23X1072XC0) 0.97%~ 9. 04
BT+ Black soil in Heilongjiang U=1.59/(1+1.39X10 2 X0 0.97"* 8.02
VLA 2+ Wushan soil in Jiangsu U=1.81/(14+1.99X10 2X(C) 0,97** 5.57
WK+ Grey desert soil in Xinjiang U=2.25/(1+1.42X10 3 XC) 0.99** 78.41
111 7§ #3 + Cinnamon soil in Shanxi U=1.40/(1+2.32X10"3XC) 0.97** 47.82
P 525545 4 Chestnut soil in Inner Mongolia U=2.30/(1+1.48X10 *X O 0.98"* 75.16
H i #E I - Anthropogenic-alluvial soil in Gansu U=1.84/(1+1.58X103 X 0.99"* 70. 49
[ 74 £ + Lou soil in Shaanxi U=2.07/(1+1.66X10°XC) 0.99** 67.11
11 A + Moisture soil in Shandong U=0.79/(1+1.64X103XC) 0.93** 67.61
W i + Moisture soil in Henan U=1.08/(14+2.92X10* X 0.90** 381.07
Wb + Moisture soil in Hebei U=1.08/(1+2.96X10"*X(C) 0.92** 374.96
FRHEE MG L+ Seashore saline soil in Tianjin U=1.14/(1+2.82X10"* X () 0.91** 394.12
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