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Effects of Straw Biomass Charcoal on Enzyme Activity in Cd Contaminated Soil

SHANG Yi—jie, WANG Hai-bo, SHI Jing"

(College of Resource and Environment, Yunnan Agricultural University, Kunming 650201, China )

Abstract: Selected straw biomass charcoal as raw material for the simulation, this study mainly explore the effect of different amount of
biomass charcoal applied on different categories of Cd contaminated soil enzyme activity. The results showed that when the soil Cd content
was 5 mg kg™ and soil carbon cycle enzymes was with different amount of biomass carbon, the FDA hydrolase and protease were more sensi—
tive to Cd contaminated soil; and under soil oxidoreductase in the Cd polluted soil condition with different amount of biomass carbon into soil,
urease enzyme and phosphatase enzyme were more sensitivitive. Phosphatase was more significant which changed 79.40% compared soil
without Cd. At the same time, calculated the geometric mean of carbon cycle enzymes, oxidoreductase enzymes and the two types of the over—
all enzyme were as a measure of its synthesis enzymes activity. Among them, the comprehensive index of the soil carbon cycle enzymes activi—
ty lay between 0.071~0.235, and when biomass carbon intake was 2.5%, the value was 0.174, which was higher 7.4% and 19.5% respectively
than the enzyme without biomass and biomass carbon dosage was 5%; the comprehensive index of the oxidoreductase enzyme lay between
0.093~0.202, and when biomass carbon intake was 2.5%, the value was 0.131, which was higher 18.50% and 28.90% respectively than the
enzyme without biomass and biomass carbon dosage was 5% the comprehensive index of the soil composite enzyme index lay between
0.077~0.167, and when biomass carbon intake was 2.5%, the value was 0.108, which was higher 16.26% and 28.57% respectively than the
enzyme without biomass and biomass carbon dosage was 5%.
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B RIEE, 5 Cd {52 3 etk o
AR T o FH T AR T Y 22 AL B SR TR g Y
PR BT, HAE Cd 5 3¢ 38 52 SR 7R H AR R /Y
JO7 P 3, 9 H R 10 S Bk e 2 3R BA A 1 B g
N R e B R AT S i . Novak SEPfF
FER I R A 2% 9 A= ¢, T AR AR
ErhE RN SR, AR R S E 5 pH
{ELTH 55 FIT B Neill SR SE R W, A2 W) 5T o ) e A 7T
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T MRRAR R . (EUR I A AR M B B it T Cd
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1.1 iX3ei& it

VEH 25 R A K S L 2T 31 R i i - 3
# CdCl,-2.5H,0 52 B 7K B A BE, M Bl Ak
W (5 mg-kg™) 5 5 LR B IREGHS, M E
Cd 25 A R . SEBUCREFFAE PR F s i (0.2.5%
5% 5 ) PEA T IEUIR £ v, BRAS#) 6 AR [R] b B
B FE: (1)Cd S 0 mg-kg™, 2E¥) ik 0%( CdOCO);
(2)Cd i 0 mg kg™, =¥ i 2.5%(Cd0C2.5);(3)
Cd i 0 mg-kg”, AWM 5%(CAOC5); (4)Cd &
5 mg kg™, AT R 0%(Cd5C0); (5)Cd & 5
mg ke, =Tk 2.5%(Cd5C2.5);(6)Cd & 5 mg-
ke, FEW TR 5% (CASCS) ., 2R P 4 SRR 5 43 2%
G B FHEEE T, A RRES T T 2B 60
d, PREE K e HIKE 1 0%, J5 %5 LA AR P
1L 6 FIEE b A BN e 38 ) FDA KA . 274k
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Table 1 General characteristics of biochar

s pHfH  BET LA /m’-g'  CEC/mol-kg'
600R BC 9.03 23.26 185.56

1.2 MEFE
XF FDA /Kl ( X240 CEK — CIREREE ) LA TG4

IR O T, RA o e L 1 5
L HERBER A 3, 5- ALK IR He 0 0 e 47 4
AR BT 7 A 1 30 DR A 3RS LT A2k 5 2 1 g T 1)
I E SR FHBE = H ek, DL 24 h 5 1 g B3R Ag 4 0t
RN ZE TN R A S SR PR B A - U S PR AN
Fe ik, AR ZR R JE T, 0 s 4 5 M T A0 o FH
TRYEK R I E , LA 24 b 1 g IR
HIWEE v BOR R s WA BB A4 I 5 SR P B IR 2R —
BRI S, AR RRE 40 JE TR, TE R R 1Y)
YERTR , AR 35 o B A i ) R T 1 1ok R 5 2o 464k
A RGE R AN e I, LA 20 min Py
B 55 HIEOME I FAL R Z T RO F R, i
W 358 v J5UAT ) O S B 48 SR s iR 22, LA AR
- R T O R XA A T RE N R S S
OG- B Ay il S8 45 SFRG ot mT 5 , B R 0
I 5 L T RO A T B
1.3 BEEEENITE

HRYETT NI FE 25 5 T 45 P ) FLARAE I B ik o
VTR ) 3R Ry PR, 55— 2 X - A
PR A 5 B S A IS, B4 : FDA JK Al 2T 4
R B A 55 2% Cd TEEAR A 107 4 A Rk
AR | X R B PR 2 R 3 AR S, H
FE R | R WH G | B R I S o A A R XK R R
TR (R RS 0 ISR BB LART S35 88, 1 SRy ity - g e
RGN S I A AL A0 St 5 1 6 b, b - 3R
TEIREI A Z0 N GMeai=\/FDAxCelxPro ; 138
AR JE BRSPS 2R : GMear=\/ UrexInvxPhoxCat_; %
i o RN I TR - 45 0 B R LT3
B, FEoh e SR A B bR, Ak
GMea=\/FDAxCelxProxUrexInvxPhoxCat .3\, FDA
3R FDA IKfREE 1 ; Cel ARREFHE R E L 5 Pro 4K
FEER MG M ; Ure ACFRIRBGTE M 5 Ino QMG 1
T s Pho ACSRBEIR G A TEME ; Car AL A AL AT
T
1.4 HiEAE

e RO SR ] Excel(2007) 58 -4 &% SPSS
AT T AT AL B
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2.1 ShinsmAbE T & ¥ Bk N X L SRR R IR B R
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RUFBFERSMEFR-F 3255 1 #

WRAGI A S BERE MEAE T B, i 2 nf LG
40 A ANIR Cd B, AS TR A= 9 e i it
AXT FDA JK S Bs A 4 s, I Y4
B TR 2.5% ), G K 2RI EL, 2 0.016 8
pge g™, EEAUSINAE Y B i 1) 0.236 9 wg- g™ BEAR T
92.91%, YW R B AR 5%, FDA K fi# il
AOTEPEAT AT i, o 0.195 9 pg-g™'s 24 Cd 1A
TN 5 pg-kg I, AN A AR B i AT FDA
TR ARG PR R RZ R R TR, BE P 2 18] Y 22 AN B
B RAME R ANEINA Y BT <, 4 0.109 6 wg- g™, i
1B A 0 I e it A 2.5% 5 19 0.157 g g™, A8 b i
1 29.94%,

2T Y Z M ) TG AR A [ B2 1 A W AR TR R
AL AR B o YA Cd B, 2T 2 2% it 1 0 12
Wit A6 ) o e e A B N S R A (B S B G R
AT AR P 5T < (1 0.102 3 mg - g™ B3] A= ) Jo
it 2.5%I1 0.114 3mg- o FEEI W TR SN 5%
A9 0.136 4 mg-g™, 43 A0 T 10.50%F01 16.42%; 1fij
2 Cd AR 5 mg-kg™ I, X FPEB IS OC R ATHAL, 24
AW iR 2,590, A1 4k R A B S P B
4 0.133 5 mg-g™, HCAEYIER S &N 0 Fl 5% 1
0.117 8 mg-g™ F10.118 0 mg ™ 4355 8 11.76% F1
11.61% , F AT UL A= 9 5 e it A iR 2598, £F
AEREGAEA] Cd 15 Y FE BT TS PR AR AR XS 2 o

1R 1) Tl % P T A A () A 40 Jo et 1) AR
TEARY I, B3 2 A BUE P AW] A i, 2 L3 h
ANIn Cd B, B P A 1 A A= 90 J5 7 1) 0.492 8

mg-g™ TR AW BN 2.5%I) ) 0.181 5 mg -
g™, TR 63.17% M 5 #a T A 2 Cd & il 5
mg-kg™ B, - AFEER PG I B A T R Y 3
i 2 i RO T e TP AR, RN 1 R AT
PEACEA TR, fie i AN AR P 5 i s 10999 2
mg- g™, Y LA AR YR ) iR 2.5% ), BT
NETE TRk 0.199 0 mg-g™', TR 80.08%J5 #4 T
SE 5 NI A W 5 I B T T 2 AN A2 Cd s
YL 0.492 8 mg- g™ EFFE| Cd &l 5 mg-kg™ (1)
0.999 mg-g”', FTF50.65%, Hiitlnl ULAE My R i
2.5%F , B VB ) AR A AR Xk BH A
22 AELETHENEREBEHRENTL

e R, 52 Cd 15 Y% + 32 i IR S PR i A4z
YR e E PSR RRAR . i 3% 3 MBE S TR 24 1
HANTIN Cd B, B A 40 500 () 14 T O T % il 12
MUERELR R, T2 Cd & i85 mg-kg™! B, Bl A=
W It R MG, A2 P T P I R AR AR, U2 Cd
RN 5 mg-kg™ B IR IS T A 7K 0.084 9
mg-g™, LA Cd BH9 0.116 6 mg- g™ ik 23.33%., A]
WL 3857 Cd V5 G %) - SRS 1 HA T

Bifi 45 - 45857 Cd V5 Yo (4 A [R) R B A ) okt e i
IR , RERE RS AL B2 . M3 Cd &
M 5 mg-kg B K A IEHROR T Cd B Bl AR ROR 1Y
T | TREA il 5 1 35 S B R S AR a3, e B
AW R B B R 2.5% 0, T3 R 5 Cd I RERE
G A 0.075 2 mg-mL?!, 43 Cd B& =N 5 me-
kg™ B, FEABE TG A 0.065 6 mg-mL", JTH AT, X 2

xR 2 AEGET HIERBIERFEES S

Table 2 Soil carbon cycle enzymes activity distribution under different treatments

HE W R RN Cd A B

fil A2

Cdoco Cd0C2.5

CdoCs Cd5C0 CdsC2.5 Cd5Cs

0.016 8 £0.016 8a
0.114 3 £0.022 5a
0.181 5 +0.030 2a

FDA KB /ng-g 02369 +0.018 3d
Y fi/mg g 0.1023 £0.011 8a
R /mg- g 0.492 8 = 0.028 7b

0.1959 £ 0.010¢
0.136 4 = 0.008 Oa
0.199 0 +0.004 Oa

0.109 6 +£0.022 7b
0.117 8 £ 0.031 4a
0.999 2 +0.021 Oc

0.1570+0.010b
0.133 5 + 0.040a
0.1990+0.113 la

0.141 9 +0.020b
0.118 0+ 0.032 6a
0.164 1 +0.060 5a

T R TR PR R AN R A B R 22 5 2. 2% (P<0.05) . Rl

x3 AELET HEEUTERENEEE

Table 3 Soil REDOX enzymes activity distribution under different treatments

i 27

AW IE R N Cd A

CdoCo CdoC2.5 CdoC5 Cd5C0 Cd5C2.5 Cd5C5
WREF /mg- g™ 0.1124+0.024 6a  0.1096 +0.009 7a  0.127 8 +0.0296a 0.081 6+0.0192a 0.0886£0.0207a  0.084 4 +0.026 7a
TG /mg - mL! 0.0399+0.0136a 0.0752+0.0090b 0.0512b+0.0113a 0.0432+0.093a  0.0656 +£0.0222ab  0.033 6 £0.011 5a
BRI /pg g™ 0.0481+0.0022b 0.0745+0.007 lc  0.066 6 £0.0039c 0.0146+0.001 2a 0.0145+0.007 7a  0.009 8 + 0.003 3a

WAL AR /mLeg! 27967 +0.2914a  2.708 3+£0.2152a

3.233+0.2151b

24368+0.166 0a 3.3177+0.0403b  2.623 8 +0.3729a




W 2B, 55  AMINRAL BT REAT AR W B0 - S BES P f 5 )

20152 B

AT A 2E 0.009 6 mg-mL™", TFE 12.76% . 440
AW T B, AR I ) 3 T AR Al A RN R
6.97% , 24 1= W) I o ()it ATt A 590, TREAE TG 1 AR
1k 33.33%.

TR I T T P ot 39 Cd ¥ e 3 PR HE A iR 1 K 6
PE, H3 3 EHE IT AT 2 R ORI Cd
W, BEEEYFRRNEA , BERREE S S R AR, I
IF IS PR AP 2 1E 2 0.063 1 pg-g™, 1 24 Cd 7
N 5 mg-kg B, R BERRERS M SR B, I
HA0.0130 ug-g”, 543 Cd {50 1M, T
K1 79.40% , 8406 BE 0 2, AT WLRERR XS Cd Y5 g
-3 A R S ORI AR W i 3R
AN Cd BB RREE TP Cd S8R 5 pgeg BEF
KT 68.75% 1 4 £ T i A Bk 2.5% (5 %1,
ANTR) Cd ¥5 e A HE B I G 0 3 T AR R R 4 i ok
79.73%FN 85.07% , 254V @ & 5.2

M PR AZ Cd 5 YLt B2 AR W 5 B it A
S, A SR TG SR T RS T
2 Cd & 5 mg-kg™ I, BEE A=) 5T A RO A\
FBE TN , LB BES SE T 5 B, e i A AR B e 1 % ik
N 2.5%F 9 3.317 mL-g™, HAS i AR 90 5 O I 1)
2.436 8 mL-g™ K Jiti Il 5% A A= ¥ 5 ok Y 2.623 8
mL- g™ 53 B 26.53%F1 20.89%
23 SR E T AR LIEEE
=AU
2.3.1 A[AEFET - HERRAG PR 255 B I H A

XFAS R4 B 119 A ERRAIE PR RH 5C 19 i 16 14 5K L
3941 (Geometric mean ) , 1f 2 iy &t 1 SRR 24 il
PILEAFERR, HATE R 1 s, R 1 HalE
HASTRIAR BT 1) A S AIE PRAH DG BERE AR Ak, 7 14
AZ CAd IR IUT , - HERRIE IR A0 Bl 16 25 S 5 5L
(B f e AR o &l 2.5%0, HAE M 0.235, 1

0.3 r

ia MRy
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......

..........................................

O: |: | | | | | | |
€d0CO C€d0C2.5 CdOC5 Cd5CO Cd5C2.5 CdSC
| AEAET T ERERENESEES 5

Figure 1 Soil carbon cycle enzymes activity distribution under

different treatments

M EE WA B AR R SR, BEEMER R S, R
0.707, FFET 69.92%; 444 Cd &80 5 mg-kg™
B, - SBERRAE P B PELR B P8 B e =5 I AR ) Bk
(e AT 2.5% 1 0.174,  FCAS I A= 9 )5 45 B 1
0.161 J 4= Wy Jii B¢ Ji &k 5%t (1) 0.140 43 3] 7
7.4% 19.5%.
2.3.2 RIRACHET 4 858 AL I B A0 25 A G 1 LA
X AN [ A 3T 1) - 498 UMb D il 35 42 SR LT
BB, M Ry i - v R R T 2 A A 4
b, Ho MBS 1K 2 fin. K 2 W& BAE AR
& Cd B 2 Cd AL 5 mg-kg™ B, T34 fLiR
R 25 A TS YRS THE RE . AN Cd B, A9
Jo i Ry 2,590, A 9 SR AL A T 1 T P B v, L
fH4 0.202, HEAINAEY) BB 0.157 Ko AW JiT ok
FHHE N 5%RTIR 0.194 4358 22.52% 3.8%; 4+
5 Cd &1k 5 mg-kg™ B, AL SR BHLR BTG M 2L
e R IR N A W T e Wit A A 2.5%1), HAE A 0131,
FEAS AR S e it 19 0.107 K2 A=W 5 i Fi 1A 5% 1t
(1) 0.093 43315 18.50% .28.90% .

03y

Cd0CO Cd0C2.5 CdOC5 Cd5CO CdsC2.5 Cd5Cs
B2 AEAETHESUERBHNESELESH
Figure 2 Soil REDOX enzymes activity distribution under

different treatments

2.3.3 AN[AIAbHET A 3 e 25 A i 0 P A

X AN [ A 38 1 - 48 v & I BRI SR AT P34
B, VR R R A R S PR b, LTS
R 3 . Joig LR Cd i 5%, LIER A
it 1) 25 5 T T B R (B M AR B e B iR
2.5%. MAHEAIN Cd B, AWk 5 1 2.5%0 i 25
AEFEYEFEECH 0.215, FEAR AR MR G 0.184
T H= W o ok FH 8 5% 1) 0.090 43 51 & Y 14.42%
e 58.14%; 4+ 45 Cd TINHEEH 5 mg-kg™ B, A9
BT 2.5%I L ARG TEFS B0k 0.108, A A=
Y B I 0.091 K2 A9 I o FH 4R 5% 1 0.077
Ay BIERH 16.26% % 28.57%.
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Figure 3 Integrated active distribution of two classes of soil
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T4 JE X SRS T R ) 57 2 Fh R 2R A 24
Few DL A R R A R A (E A m U
DU - B R RIS, DA A S Bt R AT LA
ALY 357 Cd (75 YRR B — ST, AN [R] 288 551 iy
Wil 25 A= 0 I e P AN TR St A o, T 8 AN ) g A
feia$, XATRERH TAEY TR R AR, (75
AW o AR BSR4, — T AR
P I 1 %ok 527 VG 40 e W A B T AR S 1 P A 7 1T
P v P R AR A Wl 1 L 53— 5 T, AR W I X Tl
531 BT O S 45 S s T RGP AP T BEL Lk il
A SNz R FEA T, 33 AU A= 400 S e % A ) 18 T A T
A RS AS R A ] - Beesley i@ 48 1] 25 Cd L5 Cu 27
R IINAEY R 60 d Ji, HIEEAME K
X2 Pl e 110 R A AR, DT (s X - 3 g )
IHAE WA T TR ASCHFTR R, SN LR
Fh AR W S ) 3 TR A A Cd T 2t B 1Y) T
PR g S, X e 1 5 A BUR Sl FDA
ISR AW AR 2.5%0F , FDA ZK i
TEMAINCA 79 0.016 8 pg- g™ EFFE] 0.157 pg-g™, I
T+ 89.17%, X KBUZH R LR = LM
(FDA )il 5 BE9L VT 2 Bty 20 g 5ty . 26 11 0 s g 45
IR AT

8 Cd JER AN L IEBRE A5 A
S, e DR 1l 1 il 5 AT i SIS 1) s I e
R REREEGR ., HEC e AP FH A = o % H:
FTRERARINLIR A A . 4 s EARE T+,
TG (A A G R A RO AT S5 M G ) 35 42 5 B 4 41D
il A i A A B DT f A A N T ) 5
JSCRR G h et Y/, S TTT 5 Ve ok 1 9% e 5 <6 s 2 ) )
YED RIS 77, (AR 20 RS 1) i 0T 32 5 a7,

JOR B — R0 PR 28 & R Al , & BE BRI IR R K A
B A AR A K, HTE A St 3 TE AL B AR
RE T B TR T2 — Al /K ff T, R0 A MLk P I Al ok
I P DIERE R AA RO S MR RN R R A
YAk Iy o] SR BE AR BRI, ARSI S e 235 SR AT
PIE R, 30 5 SR FHIDR 4 06 P AR AU R o 3 5
Z Cd 5 Y AN R e LI Cd & &R 5
mg- kg™ B, B4 1R T 14 25 A A JOR T B B i

P T A 40 S5 o e %) B v SR it 5 1) - e
)it AT LTS - 38 v A= A 2 I oy )3 BRFR L 1
SEAUE P A M A B S 50 00 3 P A0 B BR 5L, 2 T A
A5+ RIS o Steiner SF L I H - AT
RIS H 5%~10%H , - E0F0 K + Hef A= Yt
S B R E R R, WA SGET LI IER , Y
HE W5 R BTt A R - R B EU Y 2.5% 05, % Cd TS
Yo+ ML AR BN R A Y B B L 3 AT BB IE
HAHESAMIN Cd ARBET A9 - X TR A SCHaE
IR, SN PLRHA A B 4 T R
200~2 000 pm F1<2 wm P47 4 H B 1 0 25 48
B0, 0] UL A SRR MRS R EOT LA S b -3 A )
SRR RN DI B R LA PEM AR AR A
SERGAF ST UERA AN Cd AR PR, 2.5% B4 A= ) o o it A
PR T R IEEHE LR AR E, A 2 Rk 35 5
PERT 16.26% ,28.57% . v Wiz 2 i A= 9 5 e 6 Cd
15 Y% LRGPP BA IR AR o

4 it

(DAPFURRT Cd 755 L3R RS 227 4 — &
PRS00, A Hemiay S U A FDA K i
il N A 11 5 LS P AN IR R S I XS L SR A7 A
AR, o DR | R I A AR AL I I 2
4 BN fi R B

(2) L3 Cd & 5N 5 mg-kg™ I, 7ESMEAE
VI, BRI A A2 A B2 bE At SR A iE It
P o UEWIAE RS B0 R AT - e G T
FIR D 7 830 DA Ay )M il S 0K

(3)ASLEG 2 T LI P ARG PR | A ALd I
Tity e A S i A 25 BTG PR A e 2 0 A W) B0
P 2.5%, X WM A ) AR ) S it A ] %) 5
150 TR RS PR PR A AR AR

S
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